.

; $98&' e3eF>>?TAB E6ETFW O 02/ 060686  PCT/ US02/ 02559 ROBUST HI GHLY N
REFLECTI VE OPTI CAL CONSTRUCTION 5 Field of the Invention The present ;‘,,"‘) J
i nvent i oo él/@bess to optical constructions, and nore 10 pacriused/asty to \l-~
optical constructions having an optically transm ssive substrate materi al

coated with a robust highly ref ' wcal | ayer. Background of the

I nvention Optical conponents su%ﬂmwﬁmmmm des are generally designed to
confine and direct the propagati I'ght waves fox many applications. In
applications 15 that rely on the reff&ion and transnission of |ight,

significant gains in perfornmnce when highly reflective
materials are used in conbinati oﬂmmm mm m lly transm ssive material s.
For exanple, a step-index fiber optic IS conmposed of a thin strand of

concentric |ayers of optically transif®¥ve materials- a central optical

medium (i.e., the COR@B@*M@M@FJE@@E@%@%c@@fﬁmt@ré%m, the
"cladding), the latter having a I ower EX Of re . S

channel ed through the core. During transm ssion, the light often travels to
t he boundary of the core and cladding, where it is reflected back towards
the core 1 WO 02/ 060686 PCT/iJS02/ 02559 by total internal reflection.
However, tobal internal reflection Filhofthednvgntions sone of the light is

| ost, for exanple, due to scatter induced by inperfections within the core
or at the core/cladding boundary. 5 To reduce this loss, a reflective |ayer
can be applied over the surface of the cladding along the | ength of the

fiber optic. The refliective layer significantly j.nereases rhe anount of
i ght directed back F e tr V%té?r?rﬁgl%‘??egot K’Bh%a@elpg?ﬁ%uf Qﬂ‘?t U %si on

t hrough the fiber optic. 10 ldeally, the reflective |ayer used in optical
conponent s showastigalse & optieal wensienetions havingcamontieadlyi renwmissive subyivadad
spectrumof light and over all incidence angles of reflectance. Silver is

one netal knowméteriglanardsvith Hiobostiaghle eéfbardee yptidatlay&i.| ver has a
refl ectance of about 98% over the entire visible |ight spectrumat nornal
i ncidence. ;i | ver also sustains a high reflectance of 15 about 96% for off

normal |ight at near grazing incidence angles. In conparison, alumnum a
nore comonly used reflective-layer material, possesses a reflectance of
about 93% at nornal incidence. Thgmma DHAN i num dr ops

precipitously to 75% for |ight at grazing incidence angl es.

Optical components such as 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 surrounding

20  optical medium (i.e., the cladding), the latter having a lower 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



20 Al though silver possesses excellent optical characteristics, there are
several problens associated with the use of the reflective netal. Silver
has a temi@opysobss undesirably tarni sh when exposed to thePaTusspmsse,
especially in the presence of 2 WO 02/ 060686 PCT/ US02/ 02559 corrosive
gases and contam nants, including sulfur dioxide, hydrogen sulfide,
nitrogen di oxi de, ozone, hydrogen chloride, chlorine, and organic acids. It
is known that |ong-term performance of silver coatings is rarely, if ever,
guaranteed by conmmercial coating facilities hased on the aggressive nature
of silver tarniSHPRY nﬁe‘E‘F"g‘iﬁgﬁ?mgh gQWGY‘Hi mlgn@g@bgqg}egthrblstq%toéq{v@sr%nt,

along with the lack of suitably avail able protective neasures which have

* been successf uldfithe bghtad lash der exampig siue ¢o smattei indocesl. byFmentectjonsivwiten ‘tlse

adherence to optically transm ssive substrate materials, 10 including gl ass
or polyneric MeiRE bPAShSSGE/cRAIRRIDAIRAAY! nethacrylate, is noderate at

best. Polynethyl nethacrylate is a |lowtcost acrylic resin frequently used
in the fabrication of optical conponents. 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 transn ssive materials and

t hat posses$es i nproVeteduesthis loas @ reflentive layenearbks appligd @ verithe swifdogpfithe
provi de inproved optically effective performance and | onger | asting
operating |ife.cldding\elddg/1B60686h Hh@Tbepbplifie THVRALHDNR B LiShificRABH9
The present invention is generally directed to an optical construction for
opti cal conpone i vaaqul | | Lpw
light 5 pipes, ‘5?%3%%3%? %@gmpé%}g%ﬁlagé gg‘f‘lr ucﬁ%r@ggéﬁ%z@é%oqgﬁﬁ%e %r%lir)r ors
(ellipsoidal, parabolic, etc.), plano mrrors, and other optics having

t opogr aphi ¢ f or hght trppamission dypugh e fibgEeptin 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
substances i ncluding sul fur dioxide, hydrogen sulfide, 10 nitrogen dioxide,

ozone, hydriggen chl odegiy, 18 EHldchge | Eaéu'dcingﬁ%tf&%l @&ﬁpréﬁbﬁté éﬂ&‘ﬁldl Phsedy A1 e

present in the atnosphere at least 111 trace unts. The optica

construction of the present jnvention is especially useful. in optical
component s whor Beh TRGRGS shREGRIVE vt Aooed Apodatiion Yehbell &fhelks 15
silver is desired. The optical construction is further adapted to provide

f avor abl e dur abincidepceanagles of seflestanon dHilvehds nhe mnsfalrlafovartd pesssss & ddghi n

the optical conponent w thout neasurably degrading the total reflectance
qual ities of thgflectance 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



optical conponent. 20 In one aspect of the invention, the optical
construction generally conprises an optically transm ssive substrate
adapt ed fwo ogbébéssi ent |y channeling |ight therethrough withCusinizsyd
reflective | ayer conposed of a highly reflective netal 4 WD 02/ 060686
PCT/ US02/ 02559 deposited on the surface of the substrate, and bonded
thereto. Overlying the » highly reflective netal layer and firmy
adherently bonded thereto is a protective |ayer conprised of a paryl ene
polymer film 5 The paryl ene_polynmer protectjve |l ayer. as used in the
present i nvent iSOHOSIVEvEASes @ndl oI ARy insluding: pullir) dgwides pydrossth suliide: t o

external elenents such as anbi ent atnosphere, corrosive substances, salt,

shum dity and t hatrbgdnedioRideh ozares rhydtogeh ertiioride, chlorineuami blgnitesdidsictlt an and

degradation of the netal reflective |layer over time through tarnishing,

breakdown, del ag,RAt th@Mon rterﬁ} @&@Arﬁfaﬁeé &msuv%{)c@ﬁlgé id 1%9@1%,%9& Qaantel
po ayer

its
reflectivity. e parylen ner protective further m‘b%oves tc}]e

reflective layer's resistance to .nechani cal deformation an el am nation as
| cat ed by Wealescral Bhdihe Bl e 8 wiengRieRve bRy g
optical construction of the present invention can further 15 include an
adhesi on- pr dnotlirpgglit agre byaprdiniaey esposnee to e egvirdrmant,oflong ewithyitbe dacke ofind
the reflective layer to strengthen the bond therebetween. The adhesi on
pronoti ng | ayersyasblysfdilable phtedive SReHsuicd WHEH Rivehedh ishéceadthlly tdstiides t he
adhesi on between the functional reflective netal |ayer and the optically
transm ssive substrate fer. i nproved resi stance agai nst del am nati on where
the 20 refl ect i‘i%mF]ﬁ@é;Png Bcal | y separates fromthe optically

transm ssive substrate resulting in degraded performance and reduction in
reflectivity. Further, the 5 WO 021060686 PCT/US02/ 02559

adhesi on-pronoting | ayer pronotes uniformty and consistency in reflective
properties of the refhrdel) vitvel’aysmihehontp opcalypshnsatissives blilgatievmatenip
interface. In an alternative formof the invention, a wavegui de structure

such as 2 Sof | OiEgRe! §1ac6 PHPphS e aRRbisCalY of RGBS HoefHofiSe0ts

pol ymer material, 1s cOate an adhesi on- pr onot’i er of t’he oxide
formof a nmetal or netall oi A silver reflective layer is.appligd in
Contact wi th { HECSRINEAOH S DHGREL! MayBry e it & ot el e difaeorusaiy | ene
polymer filmis applied over the silver reflective layer to prevent the
silver from | osusad in the fabudation of eptidal eothpatests. or 10 from del ami nating or
degradi ng due to corrosive agents in the environnment such as anbient air.

The preferred formof the invention fornms a robust highly reflective;
paryl ene/ sil ver/ netal - oxi de/ wavegui de structure with inproved

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.



performance qualities including |onger operating |life. 15 Brief Description
of the Drawi ngs, Various enbodinents of the invention are described in
detai |l bet@ugowéds reference to the drawi ngs, i1l which |i RETUSERSN e
identified by the sane reference designation, wherein: 20 Figure 1 is a
cross sectional view of an optical construction having a highly reflective
| ayer illustrative of one enbodi nent of the present invention; 6 WO

02/ 060686 PCT/ US02/ 02559 Figure 2 depicts a schematic di agram of a paryl ene
vacuum evapor ati on deposition reacg or Sést egé [or degosi ting a paryl ene
polymer filmto nake an optical c f g rdance with the
principles of the present 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 anTeppiegait iﬁ%ﬁbﬁ%?h&hﬂ}a&ir&k&e@t@hﬂ'?obﬁga[l%%hﬁﬁléti&ﬁ foRyer
“illustrative fox a third enbodi nent of" the present invention; Figure 5is a

cross sectional view of a fjber, optigt wavequj.de conpri Si th tica
construct i on | reRicEbrandhsnls Bk AR bofioR B 81 SuekeRbe st paiy iy
graph plotting the silver corrosions rates fox various sanples exposed in
the presencé ofpipgsifther aptics, prirnsrimigrastrpciuzedasheetspleupiedt mirrags (eldipsoifaler
corrosion rates for various sanples - 20 exposed in the presence of an

anmoni um sul fi dearsllid] eel), plano Vot /AAEQfG Jpits HabiAL A8drRafhes Eornidt | The Of
the Invention and Preferred Enbodi nents The present 1 nvention is generally

the | nve | di ment s ! eral
Const ruct i one. HEHE QnsBARRR bk Me BB ER S deBondlc LRGN BT BER, s

a substrate, a highly reflective |ayer, an optional adhesion-pronoting
| ayer in cont AcHeTPEERG AHighi {fpasminsian dREuEbe e compenen jis the agenge
protective | ayer conprising a parylene polynmer filmoverlaying the

refl ective | ayesf pdibetialyt combsiveomdistanceés imchefing Iselfyr doeide, hpdegen eoifide,
provi des favorable optical qualities with inproved adherence of the

reflective floayegibger lﬁﬁ:xﬂcﬂ:, Dl h?(igxﬁéél’lﬂi@l%lbfmé PhEStirleS BhgalRNEGs! shdC el AR, ON

and tarnishing for a | onger opera e. The substrate nmaterial can be

vt orial's cuch HEHAREte i By PR b RERRRC: PP Ul 0

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




k4

15 In the present invention, the parylene polyner film useful as a
protective |layer, has the follow ng polyner repeat unit structure: _Cn 8
W O 02/ 0Oga®85H0da6sk/ US02102559 where "n" indi cates the nunbecCTwiS02/e258nat i ng
units in the structure. The paryl ene polyner coating nay be exenplified in
three fornms or variations, with each conprising varying degrees of
chlorination. The three forns include parylene N as shown above with no

chl orine atons, parylene C which is produced fromthe 5 sane nononer as
parylene N and is further nodified by the substjtution_ of a chloyine atom
for one of the depesitad en fyeisuidesssof Bisosubsigieetrd bongsdcteredo.p derutydrg theom
the sanme nononer as parylene N and is further nodified by the substitution
of two chl ori nehighlgrrefléaivetmetaiolayéhmedafirarintaikertytiyr bgeied therbto\ alproetiveence
to Figure 1, there is depicted an optical construction illustrative fox one
enbodi nent of t 0Ly | ' that the thickness of the
correspondi ng e@'%@%@§§§%d?ﬂ%ﬁc %@?Pﬂ%ﬁ?gﬁhg}e not drawn to scale, and is
shown for illustrating the general structure and relationships thereof. The
optical construction denoted herein by reference nuneral 10, can be applied
for 15 the fabrication of a range of optical conponents where a highly
reflective $urface cOhppseiensfpalymet piotestivh layer sl used |injthe geeseniethiverttien
optical construction 10 generally conprises an optically transm ssive

substrate 12 f oferfedfioGhaiate! the rEMRETR Tdyer Grof ExpbistiRCibi éxterhalWmérie seéthaough,
a 20 reflective layer 14 preferably conposed of a highly reflective netal

such as silver vapor-deposjited on the surface 0 he.optical L ranglyissi ve
substrate 12, a?maﬁﬁntp%&@@b?r\?e CPIIORAYC i@as FEF%ert [‘}1 il}u%lb(rgrﬁ'o ‘gd('ﬂ%l lgfe'pa g}ene
polymer film Preferably, 9 WO 02/ 060686 PCT/ US02/ 02559 the surface of
the substrate |externsl edpmentacay causerthstdestsiadios @pd dagredationyofithemetal gaflective
optical inperfections to provide the highest specul ar refl ectance. The

surface of the Rylsbiat 8méthesugh ermiined arbdkdowhe delathination) ondiseolatitizg) on
with the reflective layer 14 including, but not limted to, plasm

t r eat ment de L i . i 5,7982 : lch
i's incor po?@t ed&%@lggﬂnb@e ?cé?%e?izﬁ%: gef?egh?ﬁ% e@%e%ag??ﬁ%#ﬁ? r?gér}gﬁ r?{s&trl]gé 1&%"3}
conflict. The optically transm ssiyve substrate used for fabricating optical
conponent's suchiUg&ey FIEB‘FOV%&CCT SEGURPERES tesistapee %F’@&%‘&c rdSYCr?fI&aE‘g‘hﬁﬁé of
10 materials depending, for exanple, on the application, the desired

perf or mance chadeeamaratien ias mdidabel iyostape-pnld tashdeschibedlereinaftari cs of t he
transmtted light. The optically transm ssive substrate 12 can be conposed
of glass or polyner material.

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
transmissive 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



The pol yner materials can include organic polyners such as

pol yhydr ocar bons, pol yoxyhydrocarbons, pol ysul fohydrocarbons, and

f | uor ocangper/mosss! S fl uorohydrocarbon materials, as wel | PCREpINREH at i ve
organi ¢ polyners include polyesters such as pol y(ethyl eneterephthal ate) and
pol y(butyl enet erepht hal ate), pol yacryl ates and net hacryl ates such as

pol y( et hyhnet hacryl ate) (PMVA), poly(nethacrylate), and

pol y(ethyl acryl ate), copol yners such as

pol y(met hyl met hgcryl ate-co-ethyl acryl ate) apd pol ycar bonat es. . Fl ugrocar bon
20 pol yners su@aﬁeéiorﬂ'ﬂgﬁmngng‘%'%é’r‘%}&?‘ie%dguﬁﬂr@ ogﬁfﬁl‘%‘&%‘f’tﬁ‘&ﬁi’ po1 BPHEFE S nown
in the art can be used as well. Mre preferably, the polynmer nmaterial is
-PMVA. 10 WO OResiass IROEACSD2/10%s 50ngithesubsatpreflectiva lnybeintes fade.as
optically transm ssive substrate nmaterials, particularly in applications
where | ow birefringence is desired. Such polyners include CR 39 allyl
"diglycol carbonate resin marketed by PPG I ndustries of Pittsburgh,

Pennsyl vani a; OZ-10QQ cygl oal.i tic rylic.resin nmarketed 5 H tachi
Chom sal Co. Lrd. db smigisaiy8 18im el iaeSudfol RolPER Sheln dpth 84,
mar ket ed by Dow Engi neering Plastics of Mdland, M chigan;, MAKROLON

DP1- 1265 pofycditisoeptie, eemprsing arcamigally tRagmissive rglens 01 pelywer matersduigh,
Pennsyl vani a; PLEXI GLAS VOD- 100 acrylic nolding resin marketed by ATOFI NA
Chemi cal s, | nc.coaed Plithasie|aghésion-Plonisiev Bigen of TEPASXiGy dben odfehi teld) or
copolynmer resin marketed by Ticona of Summt, New Jersey; ZEONEX cyclo

ol efin pol yner i 0 qmank Mol s il Y . and
the like. Alt hélf*ﬁ%‘“ﬁ%t 4 F’iﬁ‘fﬁqt@@rﬁt %9?%2808. 2 F%ﬁg%f itgeiarl?{i}g% Fon,
the plastic or 15 pql yper terial can be cl e?r, tiﬂansp rent, and optically
transni ssive. WOROUHBEHYFI 2 BFttestvedtyehrha PRy F Py Hmys eaplied) aver thee
terns "clear", "transparent”, and "optically transm ssive" neans a plastic
or pol yrmer t hatsilvermreflestivedayérgo padviennthe fsiluerefroradésiig its highaefedtaeilosieomer a
desired range of wavel engths. The pol yner based substrates thensel ves are

comer ci al Iy a\idh Al.nifitsRA0k MBRASPBCE B ARREhQUS B bnliRARIRLAGPSSes

and do not, in an hense constitute an aspect of this invention.

The pol yner substraies, can forped,into sol.id.bodies,. sheets 1. o]
02/ 060686 PCT/ GB0BPBSLESTs | HﬁE,PTS%SSa"?’F%g%PQ}?pP}VSHﬁ%} o R buto Rl
nonpol ynmeric surfaces such as netal and glass The reflective |ayer 14 of
the optical consfledivei oparylgne/midvas/matalmxidn/ wavegpides pructere abwith neigeprapedf
one or nore functional netals that possess high reflectance val ues such as
silver, copper ,pegfoktian@ajuatiésiftlutiingdonger opdiatingilife. combi nations in the form
of alloys thereof, and the |ike. Anbng these netals, copper, silver, and

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:

20
Figure 1 is a cross sectional view of an optical construction having a

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



gold are preferred, with silver being the nost preferred netal for the
visible range of light. The reflective layer 14 conprising a netal or an

al | oy of wabdrdedesscan be 10 deposited onto the optically sroomsozwssace of
the optically transm ssive substrate 12 through conventionally known

deposi tion nmet hods such as cat hode sputtering, vacuum evaporation or
vapor - phase deposition techniques for a thickness ranging fromabout 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 enbodi nent of the present invention, the reflective
-layer 14 of the optiRighrechdspictsct sahembtic idiagearn | cfsepargiede sealm evaporatierbi ent
by the protective |ayer 16 for optimal protection against corrosion and
tarni shing. ThQieBBQii&&trééé%‘orZQrs{eﬁy §br 46positthgt DeatERe BblymeP At &N endke! H{Ter
“film is vapor deposited on the surface of the reflective |ayer 14 distal
fromthe opticall.y .transmssi.ve su strat@é&Z. .Thel 12f VWD 02/.06068G

PCT/ US02/ 02~59 JP4F SORSITUSEHOD iR Aoqordsnge it 4he pringiplesof the PISSERY IRYENUPE, v o
continuously uniformcoating as will be further described. The paryl ene
polymer fil@ of the protective | ayer 16 can be conposed of 5 parylene N,
paryl ene C, parylene D, or conbinations or mxtures thereof. The paryl ene

pol yner film can be RO €Sl 20Erof skdtioRaP Hewer aﬁfopmapa@ﬁsﬁu@tﬁorpaaﬁhgrw
variants of varying mxture ratios. The thickness of the paryl ene polyner

filmof the praqt. Y er | erably 0l-,

preferably in t lglﬁ&alneglgko © flz}%e% %@(S)tg{tﬁ%. gﬁlgt%%@%%@péﬂv‘ggno éh‘{rﬁggse%e
actual 10 thickness of and the m xture ratios of the variants in the

paryl ene pol ym8RvV§t®fiecti ve | ayer can be adjusted according to the
application, requirenents, the reflective |layer netal used, the desired
effect, the duration of effect, and the types of expected contam nant
exposures and the like, and may be readily determ ned by one skilled in the

art 15 The jgar yl ene pglyTRrisfd bile B0 Rlcvd B Y oft{cAP RORRGH] Mgty 4 201 €

anneal i ng or heat-tredtnent techniques to I nprove the chem cal resistance

and durability af, the coatin i Ll be described. Th erm "anneal.i ng" or
Mheat 1 oat | ny g JEaGRe 5%, ARt B5a BRF GhEEbed St Dol ARG
substance or material 20 with heat followed by cooling to nodify or alter

the structural properties of the treated substance or material. 13 WO
021 060686 PCT/ US02/ 02559 In accordance with the present invention, the

paryl ene pol yner filpigife SRPhicRskstsbét@nahviRwc o ifiber BHIRE fasSegttde@mprising
conventional |y known vapor phase
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.



deposition or vacuum evaporation deposition techniques. It is understood
that the present invention can utilize any suitable comercially avail able
met hod f ewo b2/égogdeyi Nng paryl ene pol yner on a surface as kndGm/usy2/ess9 skill ed
inthe art. As an illustrative exanple, one process for applying a paryl ene
pol ynmer 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
limted to the use of this process Wth reference to Fi e 2, a general
schematic diagram of a BXSEEDUNGHTAVEREON ANCTEISHIG L) BSISi ti on react or
system 40 for carrying out t he vacuunrevaporatron depositi on 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

pol ymer filmon a Suﬁ%%@&%’t ifVaRtidPls| Ay dRSGEd ’R} éJP(’SbtR:fal Sttt dHland a

‘provi des an |IIustrat|o e process that nmay be used for coating a

substrate with a ern . m 4 n b const ted
usi ng commer ci aPFYRO %%Bh%%tcgng %B’églt tsﬁjﬁ H%r%ﬁ/ﬁ rb%“ T11ed
inthe art. 20 Wth further reference to Figure 2, the system 40 corrprrses
a vapori zat i5on Erhsembénverpionainchidekiangubstiaieber highly seflpstiveileyesn anheptinnal 46,
and a vacuum punp 14 WD 02/ 060686 PCT/ US02/ 02559 48. The vacuum punp 48

operates to ev a&ﬂh@!‘»i@ﬂiphﬁn@ﬂlﬁg Tay&in lcbftaétHebWéenrth® bubishigtesind tthatefi@ctiviliayer,
vapori zati on chamnber is adapted to heat a sanple of the di-p xylylene

di mer under vacyuym at |.e e a e

di mer. Under vattufh Broﬁ%tlt%l oingEl %R{él%\%}’ ér%;%agylg%rmﬁroﬂl %t fnt]ﬁs\ﬁ%}ﬂ{ﬂrige thé
directions 5 within the chanber 42. The vapori zed. di mer pr.oceeds to

cracki ng chanbeteflgefiven&er.t hEhejioptieal F@Sﬁlﬁto@do?dh% Rr Erl%‘feéﬁl@ld?m\"’@§
than 700C, preferably between 450C and 700C, and nore preferably at about
680C for a suf ffagbmble dptival qhalitiepméthsinteovdd ®ihetentdaf theheflectperlaymrasshee is
below 1.0 nun Hg, to form a paryl ene diradical nononer of parylene. The

paryl ene difndi gal, TRNAIE I%IB{' Sefegls{aﬂcé He ERRR%™N Led GRAHSS 06 aviGiRrt he

di radi cal nononer condense ynerizes at a tenperature of |ess 15

t han 200C, preferab ceili n con ens erature o

paryl ene dir adi %‘%ﬁm“ﬁéﬁtﬁe%"% Wfﬁ'@atﬁ g’ﬁ %8{68%’6’?7%%@%@3 L‘n%r? t he
cool er surface of the reflective netal-coated optically transm ssive
substrate. The glassiend aergamic opolymer-based dnatstialgosishess ppbmepthyd methgarylate
l'inear, non-fluorescent polyner. The vacuum punp 48 is connected to the

system 40 to en@MMAﬁ?drekBﬁa process is 20 carried out in an evacuated
at nosphere for optiml processing. 15

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

layer, has the following polymer repeat unit structure:



WO 02/ 0601 86 PCT/ US02/ U2559 The vacuum evaporation techni que of depositing
paryl ene pol yner provides several advantages. The first is that the room

t enper at W@0zl&j068i t i on process enabl es a range of substraP€¥/use2/es5 oat ed
wi th parylene polynmer filnms. The second is the formation of a highly
conform ng and uniformy continuous 5 coating on substrates with conpl ex
shapes. The third is the capability to formvery thin coating |ayers while
remai ni ng continuous and uniform for precise coating control. Wth
particular reference 1o Figures 1 and 2, the overall process @f malting 10
t he opti cal con@h@fﬁg%‘-it’W&%ﬁeﬂi‘@“ﬁf@%ﬁﬂ@ﬁ@%‘%ﬁ 1pithe StH%F\E“SeO]@ésR?FYIB@‘d. n
a preferred formof the optical construction 10, the construction is forned

by vapor deposidlymemn ceatinge maly alye exdplafitdoirt tiee® foincsalol wasinbaish veitlr feacke of

a PMVA- based optically transm ssive substrate 12. The reflective

met al - coat ed opidnfising Va9 deplcY Of SHBRhAME The Mr@CRMME MQudSarflRRON 1 0N
chanber 46 of theﬁjrf%esar%:% or§§%, e'%léﬁlaand suitably positioned for exposing the
outer surface of the reflective silver tal 14 to.the,paryl ene diradical
monorer 11 ove THETBRRATONE ViR RBYEh SRS s s el Beatedded iR Shene
pol ymer protective |ayer 16 of sufficient thickness on the surface .of the
si |l ver metald | a3pgre monomige as pacienssl and isHarthepmedified hathe ebstiytipy radra
protective |ayer 16 can be determned while in the deposition chanber 46 20

using any one odhldddd @ibin OBt i dad! ofMieh Bdsnalio ONiirogent hend iparyléie BY Rafidh/6d v,
the thickness of the paryl ene polynmer protective |ayer 16 can be determ ned

after the artic IS 4 \ Y .

02/ 060686 PCT/ ngﬂ‘;‘%ﬁstg&?ﬁﬁges aﬁo%ﬁe“%ﬁ“eeggg ?’?‘:’;éér‘]’%g?} g‘%grslg ?‘gréh;@b’%&g%%deé?et%e at

| east once using_ the sa orﬁ@ di fferent paryl ene vari ﬁn (i.e., parylene
N, parylene C, Plsjiugae obtweralpuie spws ford@vorafdhegpimatic, &ireamfe a

mul tilam nate paryl ene polyner coating on the 5 surface of the reflective
silver layer 14 as will be further described hereinafter. The deposition
chanber 46 is sealed fromanbient air and the atnosphere of the chanber 46
i S evacuat w th thegg t Y it it he
deposi ti onelg)hanber 42’%2#%@2%3%? urteézl:l’ g‘%"%ﬁ%i%ﬁ%&e&r g@sﬂ#ﬁggl\fmet aﬁh{ﬁ}]ert
gas such as heljum argagn or nitrogen. 10 We have .di scover t hat b

anneal i ng the d’é%‘é%"?tlv&d%ﬁa?% 8@0%%@% the Rresent \}’év‘?"glf’?n i Wet H8tepﬂlﬂ¥éh‘fi ve
| ayer at an el evated tenperature for a sufficient tinme, and allow ng them
to cool, a substhickness dfithe ngrrespentling elemenlsliy theenonstruption peg yatelmawiptsl scakss
barrier is forned. W have al so discovered that the physical 15 barrier and

nmechani cal propgid iseésho®in fob @lpaatiheiR @aktmietiudtdianddelationdiiahéiéof. "Thoved
after the annealing thermal treatnent. The annealing tenperature can be at

| east 120C, pre I t neal 4 i y

range from abou{)&%gﬁgé?gt{'%ﬂ???g&i‘% ﬁ%glynssy %%gggﬁga P%lg??)’r g%egé; e{ineﬁgfg{m

carried out,  under suitabl e atnospheric conditions incl dlh?}g ﬂbut not
1ghly retlectiv

limited to Wac uﬂ),q]falprgf@ppn of a range of optical components where aﬂ e 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,



20 gas, and normal anbient atnosphere. The annealing conditions can be
varied as required by the thermal mass of the substrate, the maxi num
substrat evd erpeesst ure rating, and the |ike, as nay be det BEWUSEUAS t hose
skilled in the art. 17 WO 02/ 060686 PCT/ US02/ 02559 The paryl ene pol yner
filmcan be anneal ed i medi ately after the conpletion of the paryl ene
deposition process. The annealing process is preferably conducted in a
vacuum or in the presence of at |east one inert gas such 5 as helium
argon, nitrogen, and the |ike, at atnpspheric pressure. The opti nal

anneal i ng condithe Gagageagf ther substrafe i Ighis| gptisellywsmwotinend wabstaniellp firgenfom
paryl ene polyner. We further note that the annealing process nay be
utilized on eaptiparipeifectivils topioRdO Rt zhest bsecalar réRbickindelaThy safacpet | ed
during the vapor deposition process, or on the paryl ene pol yner protective

| ayer as a whol 1 ' . I I r. In
“anot her enbodi r%gen?15 605? th% %?gésyeér)#g)lnﬁﬁv%ﬁte %%g@%g%g%@%}ﬂlmﬁsﬂ% g’girl éﬁ%{eﬂteg%r eis
provi ded an optical, construction 20 which js not drawn to scal e, conprising
an optical l'y trayRnitsarlpding, hutnojdimiied tgsp eﬂes*@epné%%sca@aéwm-%-
adhesi on 15 pronoting |ayer 18 conprising the oxide formof at |east one
met al or nebal IM6.d5,082646,sthapphicat] of whidheissinbapomtea bereinabye refeience to the
conventional deposition processes such as vacuum evaporation, cathode
sputtering, eleggid@hRarm aYRRBEAItOoN, and the |ike. The adhesi on-pronoting
| ayer 18 is applied to the substrate 12 prior to the application of the
reflective layer 14. Details describing the use of alum num 20 oxi des for
enhanci ng 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. T8 optiagllp 2 tacdEssveCHrsgor/ 02889 fphefabrtating | eptichhyer
14 conprising a highly reflective netal such as silver is deposited, using

net hods descri h@ghiens dutk|440iibad GMtRCWaOEURERRNGRYBY GEREIANForAN Qarideof
surface of the adhesion-pronoting l'ayer 18 for a thickness sufficient to S

forman opggque, highly.refl.ectiye rfa It er hat
substrate ? anragﬂeﬁglsr% ?lfé%ﬁg’v{é)\fleé@lgl P {eizc?.% ﬁ‘lten%gﬁc/%ﬁ%é[ﬂésj@??%?eﬁ\%?&{n%ge
reflective layer 14 is coated with a protective layer 16 conprising a

paryl ene pol ynetharacteisiesertBe o5ty and the cbamacierisiic b dag Gragmigad debbsi Thon or
sui tabl e process as described above. 10 As noted above, the

adhesi on- pr onot épigallpyansmiSsipe aitatraiel 12 carberdospesddief glassde pobymmerafatatiall east
one netal or netalloid that is sufficient to bond the netal atoms of the

reflective | ayefhég?lg&e} RSO Edh ﬁiéIJd@Ccﬁ%él{i% (&;B@nwé ke AY pdlyRREHE264nsE

substrate 12. Pref y, the thickness o adhesi on-prondting | ayer 18

can range from ahout .1Q to,1000A, and r referably.aboyt 300 A The, use
and 15 appl i cat? X°’81hyar£ﬁ° bons, ¥%‘ﬂ{fyg}"g‘9§%§%‘}§’ xi%gs ( ‘bql?c«?%fql\/el gud
referred hereinafter ) . )

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



as "netal oxides") as adhesion pronoting materials between a netal and a
pol ymer substrate is further described in U S. Pat. Nos. 5,589, 280 and
5,902, 6340 bdmsogsar t | nent teachi ngs of both are incorporat @aTREI2Z255Dy
reference to the extent that there is no conflict. 20 For nost
applications, any of the adhesion-pronoting materials selected should be as
nearly col orl ess as possible, at |least in the anounts found effective to 19
WD 02/ 060686 PCT/ US02/ 02559 provide reliabl e adhesion.

adhesi on- pronot i ng eri t hat arts a vjs aII det. ect bl e color, to the
substrate 12 under tHCEHROIREE P11 Bisess oRstoaliniphsBitive SUHateanpieEkinc y
of reflection by absorbing light passing to and fromthe reflective | ayer
<14 but al so chaagislarheirc epmicationsuwhet lbwebirdfghgencayis ddsireslct Suchapolyiers
reflective 5 layer 14 through the substrate 12. W note that the

adhesi on- pr ormtlhaqaém:u@r?,pam 1yli MgRREl th®Bnite rerlﬁnfabfleedaﬂmqicprlnaﬁstﬁ&eof
‘metallic reflectrve | ayer to the substrate 12, nust r'esi st corrosronto

maintain its o lities. t.hat the sel ecti

materials far ltcﬁﬁé 20} ﬁlgs ?SWSHFV&H&W(%%HPQ%YCM‘PI‘%W % QDR TS &P fé)?re}S nl?y t he
effects of the relative expansion coefficients in order to 10 preclude
undesi r abl e Sef fiditachi Che R déd.of Teky o.0apas SARIBRE 108hDyyrpolgcarbonate

tenperature changes. In one enbodi nent of the present invention, the

adhesi on- pronptresig | muketedd byhi Dowi SEpgiaédringnePlabgdswasn Midlaait iMﬁJhigén;
transm ssive substrate 12 and the 15 reflective layer 14, is conposed of

the oxi de for m gy oRS) O M1 EI 788! Al kakR 00 mil e Ol ﬁatun fodifion of

haf ni um zirconium tTt um n|o I um SI

al um num vanadi.um bdenum, chr ntinmpny, .indium zinc,
bi snuth, cadni Lﬁmswgﬁﬁm& ve%cﬂlrﬁﬁgféi%? &éﬂ}r@f) pgtylicaoldiog e marketed

producing t he adhesion-pronoting |ayer 18 is to deposit the netal oxide via
cat hode sput t erbydARQHINAcGhengicalst Ino.rofiRhalela phip oPenns ylivanie JBGP A S epclorolefity
sui tabl e process for depositing netal oxides. The netal oxides 20

WO
02//060686 RET/ UHiARa5%siA kRl &yPlcknsl BPSBirl NBwLRRepXEEOREK Bpele.

whi ch may be achreved - exanpl é by sputtering in the presence

excess of oxygen at t he net.al tta n the sired
adhesi on pr ormt‘?StrS\ ﬁeﬁé%“%}?ﬁk efd ‘EBh]&‘uRPé’M)e n%%:ﬁ@e &
adhesi on- pr onot i ng Iayer 18 exhi bit substantial absorpti on i n ther r metal
state (i.e., >3keabsorption at thicknesses |ess than 20 A), it is

advant ageous to deposit themas oxides. Simlarly, it nmay al so be
advant ageous to up-oxidize the nmetal layers fully or

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 transmission 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



partially after their deposition. 10 Referring to Figure 4, an opti cal
construction is depicted for a third enbodi nent of the invention. The

opti cal wwnetoeoessi on denoted herein as reference nuneral BOTAUS0%0258%9 ar to
the optical construction 20 of Figure 3 previously described above. W
again note that the thickness of the 15 corresponding elenents in the
construction are not drawn to scale, and is shown for illustrating the
general structure and relationships thereof. In the present enbodi nent, the
optical constrygtion 30 includeg a.protective layer 16 that is conposed of
Pl 1 1 i nat dase B Sqaing apiled o8 dimPatsdrone o oS attises b et
paryl ene polyner selected fromthe group consisting of parylene N, 20
‘paryl ene C, parpdgtassD and conbi nations or mixtures thereof. The

mul tilam nate formof the protective |ayer 16 provi des benefits of each
paryl ene variant and/or 21 W O 02/ 060GSG PCT/ US02/ 02559 mi xt ures of

“paryl ene variants for inproved conpatability with the reflective netal

| ayer, chem cal resistance and the like The protective.layer. i nc] udes
F7et parylene 11§ m E REbEdRB4oriRs cong! Rarbmchis! fo iR inPiehis | I oe
of parylene variants. The first parylene film 17 is deposited on the

refl ective Payawefermbismade upef one eyaom fupgiignal mepdsibatl pesseasthighieetlgetsned bed
above. The protective layer 16 further includes a second parylene film 19
conposed of a setesdusianykibvre, copperagbldo pallddivnm) eRlieh, dhadivhe Rembaiations &
overlaying the surface of the first parylene film17 distally fromthe
reflective 10 | I | Clkanes J I vasd.an ayer
can be adj ust e&ﬁ%g%rgg‘éf %lg&%oﬁ%h%fgﬁ% Fl}eclglﬁ. o‘ﬁ",“%%%%rgé’%ﬂ%s@? %réglrﬂéﬁ% %%ch ve
| ayer metal, the desired effect, the duration of effect, and the types of
expect ed cont arfokhAte IRISHSH, with %Wrg’ﬁ’é‘glt % Bostprafesred %alrﬁé&el‘ﬁis@@t@%ﬁ ned
by one skilled in the art. 15 In one enbodinent, the first parylene film 17
i s conposed of qfdight.eithe Ceflatide idyer $4 camgriging ylmetel ¢1 domall§ afanatelspemebk of
paryl ene D. W have determ ned from experinental results that when paryl ene

C was deposipt ediepgsifedUrib Bfel dpiidallP¥BRbotd ishitdd of tRE opti@ll§ thanehissRE lsGBdtiaye
| ayer, the change in silver reflectance at the parylenée/silver interface,

was observed t wi thin the ngise of .the.experinmental 20 data. The.

i ngs | ndi cebtrotal ctionRly Riowh dbgRNRRbER bihy S dalRil iifpeene c
and silver. 22 WO 02/060686 PCT/ US02/02559 W have further determ ned
from exper i mentcuvBRYEPeratiomor WRer-ppaseydepasition laghnigugsofor adhickiress manging ver

| ayer as a protective |ayer, the silver reflectance at the paryl enel/silver
interface, was fGasbbab] 0o @10 000shgecferabtie SUREEII000SANERE 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



parylene D is known to possess an average chlorine content of two chlorine
atons 5 per nononer unit, we theorize that the presence of unbonded or
trapped o orcessi N t he paryl ene polyner film nmay be reacPCHySed/a2s54 he
silver. Although the findings indicated that there may be sone reactivity
bet ween parylene D and silver, parylene Dis a suitable candidate for use
as part of the protective layer. Parylene Dis known to have a | ower gas
perneability value than parylene C for 10 better exposure protection of the
silver reflective |ayer. The silyver/parylene Cp rtyl ene D | am nate .

conbi nati on pr GAHeRE Belyaer @&tﬁwedamre{%ia&@pphgﬁﬁr orngsh p CRnfiysslyswifarpe | ow
reactivity wth silver of parylene C, and the |ow gas perneability of

-paryl ene D. 15 doatiygés wilbbéfrthendesdiibeeint , the transiti oning of the
deposition of parylene filnms fromone paryl ene variant to another, can be
made gradually to forma transitional interlayer (not shown) between the
‘first and second paryl ene polyner |ayers. As the deposition of the paryl ene
variants transition t he vapor, fl ow. of e first parylene polyner i

b adual Ty 1 educed. wTHPATRIEn: St iy e pio e Ty eb ot san PR ShBPS e | s
ranped up in proportion to the correspondi ng reduction of the first

paryl ene pobynmgrarylapoN, fiatydeneTqi parylenedp, ¢ euolinations giradisduries therdadc eThe

bet ween the pure paryl ene polynmer |ayers and fornms an interpolymer with 23

WO 02/ 0Q0686 PGhileh?peBaR? filiPlay ¢ asthesc bft AL imbpblyaed. of hoReherst 6At

the resulting parylene polyner |ayer can be anneal ed or heat-treated as
desired to nodi e L. rtd f . desehi.b v Lt J

under st ood thatg%%%g%(%%ﬁ t(lS'It{l g‘ﬁ‘ﬁ@‘& h@%@%?ﬁmﬁét er hgygl(rilc@g% gg tg%jp&glg%e
according to the application, requirements, the desired effect, the
duration of ef fRdymet, §imy of the, prodective dayiacl @ ds dwsferblynahieast 90901 6smek t he
i ke, and may be readily determ ned by one skilled in the art. 10 Referring
to Figure 5, a prefesablyix tie raageofifrde atdud 600t tte d.0001”.0 Ve nblelthitrthe iactnal
enbodi ment of the present invention. The fiber optic wavegui de denoted

general |y tli()b{)?)ilxﬂcﬁ%eoﬁ‘dﬂ&rtﬁé é&m@%ﬁ&é"dfythgﬁ%irah?ggl gﬁaﬁlﬁ@{blﬂggﬁfiymer

cylindrical avi ng concentric layers of ass ght

t her et hrough. The, fiber optic.,wavequide 50.0f Fiqure.5 conprises a cqore 52
15 conposed of BIRGHYY Layef yan &AL Sreoring &0 HP HRAIAIA raqitemepts, he

cl addi ng 54 conposed of an optically transm ssive glass or polynmer nmaterial
with a |ower refflectivedeyérmoetal ushdrthe desiredredfest theadwrationeef ¢fiest, lang dhe B®ewi t h
an optional adhesive pronoting |ayer 56 interposed between the reflective
llayer 58 and t her gxpacteld Beht@ftinadi dkpdsutad Mdeme 1iRE) anbRfiayHeiedilyl deterha b0
overlaying the reflective |layer 56. The 20 fiber optic 50 includes the
optical constructi f. e_present invention where the cladding 54

est abl i shes théngﬁggghlp§ﬂ??§nsparent substrate. The fiber optic 50 can be
fabricated fromany conmrercially available fiber optic wavegui de while
using 24

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.

13



WD 02/ 060686 PCT/i 1S02/ 02559 t he above-descri bed techni ques for applying
the reflective |layer, the optional adhesion-pronoting |ayer, and paryl ene
pol yner mayer/geoebl onto the surface of the cladding 54. 5PCEXANMAZSI
Experinmental Tests W obtained sanples of optical quality pol ynethyl

met hyl aci yl ate (PMVRA) substrates with a reflective index of 1.49 for
testing. An alum num 10 oxi de coating was evaporatively applied to one set
of sanpl es using conventional el ectron beam evaporation deposition process
to form an adhesion-pronotjng | ayer. The al.um num oxi de .source having.a
pUri Ly of 99,999 0 ReloCOiianten 3at S AIENG ATYSRLRR. (A HEEUCTPOYRIE B num
oxi de was deposited using a flow of 21.8 % Q2/Ar at a total pressure of
-2x10 Torr. The apphedithiomghr atcoating metesatusiy apnprentionadlyekpown ~vapperphsse ond
to produce a final thickness of about 300 A. A layer of silver netal was

applied to the &Wbdifi6® oPVak@thevapomtion Fehsitiodt tEchiSiies. & is UNUEHLANRM! the
"el ectron beam evaporation deposition process. The silver netal source

havi i f . 9 . ' . f M |
vas app i od o SR diveRe st iRe A S ToaR R Eelle Shefie AU

1.2 to 7.3 A per second._ The average deposition rate was about 3 A per
second. 25 5 \\Grobinspesbnpevlyosy 2nesvHaceskposndymngskilicdip the ashch
obtained from Paratroni x, Inc. of Attleboro, MA. The paryl ene polyners were
applied to the sanples using chem cal deposition processes resulting in a
coating of about 0.0005". The degree of protection the paryl ene polyner

| ayer provided was re : n I f h i l.ver

| ayer through the smﬁ%gt%# alp gs.t%‘e,% Fg%@gﬁégﬁigg&?%eﬁgﬁk g&\ﬁ/@ g%%eeﬁeug?lﬁgeg
MacBet h Col or-Eye .7000 spectromete i ih tral.. range of from about 360
Lo 750 nm. MeasSARlRE AT SSSTRDIHB U ERY hoe SadPe Shette deqﬂffoaﬂwf{wclmﬁeregy
substrate and will include any absorption due to the PMVA or interference

effects from t hiacétpostedsby feferenceeiinl itscerdimety to 1 @xserd|thatatoechndlidt waists. It is
tarni shing was induced by placing the sanple in a sealed 200 nm di anet er

Pyrex gl assjodesifeak@id 2 tha ifVeRSorN RMERlimAeR ke ihe 186 bf BldbdcQyaporation di sh
hol ding 2 cc of ammoni um sul fide (20 % aqueous solution) in 18 cc of

dei oni zed water. The ammoni um sul fi de was obtai ned from Strem 15 Chemi 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
refl ectance was measWithd refereacs dpicigeis &f at genegal peshamatie jdigeram phe basic
desi ccat or chanber. The anmoni um sul fide sol uti on generated hydrogen

sul fide as the parylene vacuum evaporation deposition reactor 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



primary corrosion agent. W had observed that el enental sulfur had
deposited on 20 the desiccator walls after |ong exposure tines. Amonium
sul fide sy od/eoessi S known to be one of the npbst aggressi vVECTASH/EAFNg agent
of silver. See, Dar-Yuan Song et al., Applied Optics 24 (8), 1 164 (1985).
26 WD 02/060C86 Anmbient Air Results PCT/US02/025s9 In order to estimate
the rate of silver corrosion in anbient air for an 5 unprotected sanple,
the refl ectance of a silver coated PMVWA sanpl e was neasured periodically
when exposed to the anmbient air of the |aboratory. The change in,
reflectance of 4%he The vagyum pumpce8 gperates do svacuaty thonir frapethedaterior ofdhe ur ed
through the optically transm ssive PMVA substrate was recorded for each
-sanpl e. The r efdysehma@.e Thavaparivatior dhamsberdgt2l is gdpted tohheat waambkensft the di-p10
about 550 nm extendi ng over a period of about 70 days. The points were

plotted and |i 1 i

Fepi ctod in Fi gHPUehEat Al ARauNS: in MESAEX B A BRI Safortle R |
anbi ent air expqsure_15 resulted ip.tarnish rates of abqut 6.3 10-2 % da
for the il ver Umefa ,deawac%%ﬁ?nciz]v%t %Y@%}%sciglwrmg%esslma&ﬁﬁimms g

interface. W believe that the lower tarnish rate at the interface as
conpar ed t o5t hewihinvhe chambieadd. can be explained in that the diffusion of
corrosion agents through the silver layer, or less likely, through the nuch
t hi cker PM much thi cker PMVA substrate was slower. Included in the graph
are reflectance 20 neasurenents for sanples (control) that had been stored

in 3M Corrosion Contrpol Absorher. Paper PAR), an.anti coryasjpn pa
product of M nnesot afﬁﬁ ﬁ’laﬂ‘émaeﬁddlmfﬁuﬁrgﬁ%ggitﬂgt ééoc_rac&qngsfz .ﬁmﬁ'g‘ﬁl %Ewlgﬁﬁg?h? a.
The anticorrosion paper is designed to 27 WO 02/0G0686 PCT/ US02/02~59
prevent tarni shdirangrris heatad tg pdenaprratupt obleps ten(78RTGaresrabhn bettvgas 450°C

oxi dation and corrosion. Wen the corrosive elenents were renoved fromthe

air by the antig@r7608CadaRes prek@ibly ahgbdit b8EIC forrd atRciamdihdat 5 presamré PMVA
i nterface showed no neasurabl e change in reflectance. The change of

flect t - 7 ;
et 0d. - CoriShr + sfifa (88 vadof pressile fo Y810t P efi pHER GFRRGL

silver reflectance were_ produced by air corrosion alone, and there appeared
to be no perceptPBPwer okRAHERS on of the silver mirror with the PMVA
Substrate at the interface. 10 Amonium sulfide To test the ability of

paryl ene coatings to inhibit the tarnish of silver,

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.
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several silver coated PMVA sanples were prepared in the manner as descri bed
above. The PMVA sanples were encapsulated with filns of both C and D 15
vari ant swj op@mogdeene. The paryl ene pol ymer coated PMVA saR@T/ES02M25%9
obtained fromParatr onix. The filmthickness of the paryl ene 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 eval uated. Changes in silver reflectance as a function of exposure
time in the corrosiop chanber were neasured and t&g results are shown in
Figure 7. Referring %% FPgdrRe ?YaPPWé‘OEaFFﬁﬁ%‘Qu%\B‘P BRFIRE g @ ium
28 WO 02/ 060686 PCT/ DS02102559 sul fide solutions. The corrosion rates
-wer e det er mi negrévides several cadathrytages. UEhanfrdtiindlzat the asdm sepuperetuié tlepositivem
correspondi ng corrosion rates for exposure to anbient air and ammoni um

sulfide are |i i6&sb@hadied A rdip! 8F shbstbatd?R Be doatbd Wath pery1eheS PolpRie® Films.

"Determ ned from Refl ectance Measurenents at 550 nm Protective FilnfSilver
Tarni sh Rate (%,day at 550 np) Cor.rodi.ng, . nt Ag _Sur f aceAgl .

| nt er f acel\bneo./ﬁ?B%?ce’ﬁﬁ %ﬁoﬁ?é’??ﬁm}( OE@%?@QQ AR %&fﬁ%\@e@mf@ﬁe
C4. 90. 50Ammoni um sul fi deParyl ene DO. 330. 17Ammoni um sul fi de Conparing the
tarni sh ratés tdepbuglentsubstpsies, withecomplgrdsippes. | irbe thied isathei@pabitibr teetprithat

the tarnish rate for the parylene C was fifteen tines higher than the rate
for paryl ene D.yeBoRRiar taiinghRyérsr whish rérdiing @ntinasy ene upifois Clop hreasw! es
to the unprotected silver sanples, we had ol%served that the tarnish rate
was reduced by ; f 6.9 x 10'S for the parylene C coating and a
factor of 4.6 XC%%@%E%W&T he parylene D coating. Assuming that simlar
corrosion agents are responsible for 15 the anbient air tarnish results,

t he above tarnish reduction factor s can be used to estinmate a tarnish rate
for parylene polyner protected silver in normal atnospheric air . Applying
t he tarnish reducti oWithgmrticula referdnoe tabigineast! aidr2, dat everalb plotessiofi neaking
estimated air tarnish rate of about 4.3 x10' % day for a parylene C

protected sipl vepe fgpkitaiadshsalcdstt biBieefreddnt ihdnfion wilPhéw e ab@Hbed: InXa 10"
% day for parylene D. 29 WO 021 0606 PCT/ US02/ 02559 Based on this

6
anal ysis, either pof e psryl ene. vari ants. | d protect. si.l yer for 50 years
Mth Tess ¢ han mefipd g5k 3k e HichCianictiold s heboRiudEiion s 1sings B VioLe as
the silver/PWA interface listed in Table 1 5 are at all times |ower that
t hose from t he deppsiting susilvar layermid enfoetbe lopticallysipnoth surfanerndfe PMMA-hased he

added requirenent for the corrosion gases to diffuse through the silver
|l ayer to reach ggiRaBy | iansnitbdife i subsitdi@cr2. SiTheefeflditesimetalébated 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. Alternatively, the
thickness of the parylene polymer protective layer 16 can be determined after the

article is removed from the deposition chamber 46.
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Parylene C and D filns were deposited directly onto PMVA to test the

adhesi on of these filnms. Several sanples of each variant were tested with
SCOTCH t sareovmsodset ed by M nnesota M ni ng and Manuf act ur i nBCT/0802/0285%d wer e
observed to be adherent to the substrate with no instances of the paryl ene
film15 renoval by the tape pulls. Al though silver appears to be conpatible
with PMVA when in direct contact, the adhesion to this material is

mar gi nal . SCOTCH tape tests of silver coatings on PMMA consistently renoved
all of the silver film Encapsul ation of 20 the silver coated PMVA
substrates wth parylene, as would be done for the final silver coated
wavegui de structure, does inprove the robustness of the silver coating. 30
-WD 02/ 060686 PCT/ USOeGibo®d® déposition provesheayhbd wpsiatedaisieast ngtdissing tHehwame
parylene filnms, silver filnms on PMVA that have been coated with either

parylene C or ra@rayalﬂaen g‘éfy'léne“@dfﬁht gepﬁyl%ﬁ@@%erspgmkﬁgfs Y dpyt any

“filmdel am nati on. In sone I'nstances e seen in the
filmafter the uI t |ca aregﬁ where th er film has
det ached fromtI ¢ BY uc e Par yrenE Py 8%@9 rC aFBgreﬂrhg‘e

intact and well-bonded to the_ unqlerl ill ng silver film These failures
confirned the wadece of thepreBoativehwlver layer 1avivillnbe futrther dlesdsibad hegednakter.
detail ed previously, netal- or-netalloid-oxides are known to enhance the

adhesi on of si ITherdepsifibR Sharibtdq i8tsefled AotiThiBienbgir Gh® B atfiossiRré bf e al so
an excellent candidate for the silver coated wavegw de application due to

its hlghtransp V. r &ruhO
alumna as an a fjitrﬁgiglo4n6t a%‘glla Htwﬁl‘{‘t%\/\g?&iﬂ Ag% Hﬁl t&’ PSR ilﬁrel ayer
was deposited on 1 prior to deposition of the silver mrror. SCOICH

tape tests i nduneéheedqmatuoewémab%rrﬁ%m ber RRbsiaated) at jagipient iprgsF ath aeiner ver
adhesi on. Approximately 80% of the tape pulls resulted in no | oss of silver
filmw th 20% gfhs tich gsteliam; ergoxiongitwg@nrti on of the silver mirror fromthe
PMVA substrate. Once al um na-bonded silver filnms were overcoated with

paryl ene Cigno renoval or delam nation of the 20 silver mrror fromthe

substrate was observed from t ape test puI | s. WO 02/ 060686
PCT/ US02/ 02559 Al t ho‘kl,tg .0us e nt s &‘F ﬁinve t| on ave een
shown and descri bed a IECOP{S'EG mtgl t $HRGSt eﬁhgzgg YPFE in

the art may recogni ze various nodifi cat i ons to these enbodi nent s whi ch
nmodi fi cati ons areteefieenfilm én the protastivel laypr ahan slgvated tempersiooptor of suffieient
appended cl ai ms. 32
time, and allowing them to cool, a substantially improved chemically resistant
parylene polymer barrier is formed. We have also discovered that the physical
15  barrier 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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WO 02/ 060686 What is Cainmed is: PCI/US02/02~~9 1 1. An optical
construction conprising: 2 an optically transm ssive substrate; 3 a

refl ecti weo bagmwsssconposed of a highly reflective netal ove@CTABDISE t he
optically transm ssive substrate, and bonded thereto; and 5 a protective

| ayer conposed of a parylene polyner filmbonded to 6 the reflective netal
|l ayer. 1 2. The optical construction of Caim1l, further conprising an 2
adhesi on-pronoting | ayer deposited between the optically transm ssive
substrate 3 and the reflective layer for increasing the strength of the
bond therebetween. 1 3. The optical construction of Caim?2, wherein the
adhesi on2 pronoting | ayer is conposed of the oxide formof a netal or
-metalloid. 1 4. The Bt ipestlemorpotymert fibm odn Geaiamm@ediinmeddintelyie afiet dhe or
nmetalloid 2 of the adhesion-pronoting |ayer is selected fromthe group
consi sting of ZoalglelorUiBf haf Paryne Zddposifiod Mhrocedd! al THE ahhéAAinl UPtocBisOhs um
"silicon, tungsten, 4 vanadi um nolybdénum chromum tin, antinony, indium

zinc, bisnmuth, S gadm u and .ni.ckel . 33. VO [ US02/ 02559 1 5.
The optical  comerony SaspR e yiGhimds in o pREncPERToferbpe Har 6 Sach
adhesi on-pronoting | ayer is alumnum 1 6,?( The optical construction of
Claim1, whéreias hakiunhArgoms rutrogany gad the Hke,at abmpsnbsde piessieasThe gptimal er
of a parylene polymer variant. 1 7. The optical construction of Caim§6,
wher ei n t he paranhestihgd edbnditons?mugrdiffer slightlyebetwtat ehdhonartidie frtheparylene
consisting of parylene N, parylene C, parylene 3 D, and conbi nati ons
thereof. 1 8. i t i i i i ghl
reflective 2 W]é@(ﬂ?é ?Z% éf%ftag% @?%ma?ﬁ%@é?@&gh@ﬁ%‘i% ?’%agj (B;? ‘h{s)ﬁ J\E/!legé,11 e%‘(:)Ibper ,
gold, palladium 3 iridium rhodium _ and_conbinations in the formof alloys
thereof. 1 9. ZPangeng Rolymey peytectigelaygh idiyicuglie 4 enlisA gvrn@ hen vepor
wherein the highly reflective 1 10. The optical construction of Caim1l,
wher ei n t he optdepabikign Proceas suriansthe pagildrest paymeri protestipeo d&r af agvbdls afier a
polymer material. 1 ~ 11. The optical construction of Cl aim 10, wherein the
pol ymer matyeyr i iRE ndhé& i r§sjey€ Substrate is selected from
the group ey | hpp: r%géof B o B o e 157 02550 3
pol yhydr ocar bons, pol yoxyhydrocarbons, pol ysul fohydrocarbons, fl uorocarbons
4 and fluorohydrocarbons, polyesters, poly(ethyleneterephthalate), 5
pol y(butyl enet erepht hal ate), pol yacryl ates nethacrylates, 6 .
pol y( net hyl nmet hacryl hmyotl(epmgpc,lmpy@t of the Presertyinyansipn ap shaeindigererdy there) . 7
copol ynmers, pol y(nmet hyl net hacryl at e-co-et hyl acryl ate), and pol ycarbonat es,
and 8 CR-39 al liglpreVigéd a0 bptical bermsainetiore30 mhidhas Ho0 Bravwcoashlie pbomhprisiag by | i C
resin, 9 CALIBRE | 080 DVD pol ycarbonate resin, MAKROLON DP1-1265 10
pol ycar bonat e rcgﬁ}calr%%%éhﬂsﬁ% é{%;{éom%yhérsegﬁm Abhet R £ thihRdhesibh-
ol'yner resin, e

cyclo-olefin co ZEONEX cycl o-0 in polyner resin, and 12

conbi nati ons t hereof.. 12.. . The optical construction of O aim 10, r.ein
Che. poryrror S WoRRing T67er S gt 1 oot deodl ot sl of metalfoid
pol y(net hylinethacrylate). 1 13. The optical construction of Claiml,

wher ei n t he hi ghay iy eplisdt iovthe Bubsizate swdansrisings cenvehtienal elsposifior praeesdsout
100 to 10,000 A. 1 14. The optical construction of Caim2, wherein the

adhesi on2 pr ombdyichths! A BEmMCRARTEERS catholé GlsmesmgOtlettieiTbedin laptation, 1090 A.
35 WO 02/ 060686 PCT/ US02/02~59 1 15. The optical construction of C aim6,

wherein the paryl 2 f] a LSES: '
ont act wi th"t ber i ooy SBieriy b AR VLS FE 1 horER o e ARKLETS prdrie
with the layer of parylene C. 1 16. The o ti]§al ..C nst,{)uct' on of ai,m 15,
wherein the partpeapelication ofithe reflective lavemit Peiafls descuibing the, g pEGERIRH
paryl ene C and parylene D 3 between the |ayer of parylene D and the |ayer
of paryl ene2(C. axillés fof eahapingthe adisssinr ofcdiiveintogdlasSisabstralgs, ishfensd m kHhss et
protective layer 2 conprises a thickness of fromabout 0.001 to 0.0001 of
an inch. 1 18. ah,e,%%meu@);ﬁ&pﬂ@,tzeagt(n%),ofheqoﬁtem bf W Bl ifcdrpGafedinidiat € 2
conprises a fiber tic waveguide. 1 19.7 The optical construction of Caim
1, wherein the By otfecti ve | ayer 2 conposed of the parylene filmis anneal ed
or heat - treated” I¥¥5"%n optical construction conprising: 2 an optically
transm ssi ve substrate;

18



3 an adhesi on-pronoting |ayer conprising the oxide formof at |east 4 one
nmetal or netalloid deposited onto the surface of the optically transm ssive
5 substr st@o2/@6686 WO 02/ 06068G PCT/ US02/ 02s59 6 a refl ect PO®USeRy@55Cc0oNnposed
of a highly reflective netal; and 7 a protective |ayer conposed of a

paryl ene polymer film bonded 8 contact wwth the reflective netal |ayer. 37
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provide reliable adhesion.” An adheswn-promotmg material that imparts a visually

detectable color to the substrate 12 under the desired illuminant not only reduces

the efficiency of reflection by absorbing light passing to and from the reflective

layer 14 but also changes the color value of the light rays directed at the reflective

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
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5" 10%3&(@) ()-F3 !alq)((q%f‘e@;a%lyy deposited Oin&th(e) O)?id?zeccl)ym(s)&e? /\G%hl(c}x may be achieved for

example by sputtering in the presence of an excess of oxygen so that the metal is

fully oxidized, to attain the desired adhesion promotion.

5 Since some of the metals considered here for the adhesion-promoting layer
18 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.
Similarly, 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
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The protective layer 16 includes first parylene film 17 composed of a first

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 film

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.
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have er determined from experimental result parylene
"D was deposited on the silver layer as a protective layer, the silver reflectance at
the parylene/silver interface, was measurably diminished or degraded. Since
parylene D is known to possess an average chlorine content of two chlorine atoms
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
better exposure protection of the silver reflective layer. The silvet/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.

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
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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improved adhesion therebetween. We note that the resulting parylene polymer
layer can be annealed or heat-treated as desired to modify the properties of layer as

described above.

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
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adhesion-promoting layer, and parylene polymer layer, all onto the surface of the

cladding 54.

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.
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Parylene D and C were each obtained from Paratronix, Inc. of Attleboro,
MA. The parylene polymers were applied to the samples using chemical
deposition processes resulting in a coating of about 0.0005". The degree of
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 sulfide 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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Ambient Air Results

In order to estimate the rate of silver corrosion in ambient air for an
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
about 550 nm extending over a period of about 70 days. The points 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
resulted in tarnish rates of about 6.3 x 10 %/day for the silver surface, and about
2.2 x 10? %/day for the silver/PMMA intefface. 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
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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: corrosion.. When the corrosive elements were removed from the air by the

anticorrosion paper, both the silver surface and the silver/PMMA interface showed
no measurable change in reflectance. The change of reflectance was less than 3 x
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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sulfide solutions. The corrosion rates were determined from data analyses using
linear least-square fits. The corresponding corrosion rates for exposure to ambient

air and ammonium sulfide are listed below in Table 1.

5 Table 1

Silver 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 7.1x10* 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 10” for the parylene C coating and a factor of 4.6 x 10" for the
parylene D coating. Assuming that similar corrosion agents are responsible for

15  the ambient air tarnish results, the above tarnish 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 rate 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.
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years with less than a 0.1% change in reflectance.

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,. Cof, 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 parylene, as would be done for the final
silver coated waveguide structure, does improve the robustness of the silver

coating.
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20

Due to the high tensile sirengths of the parylene films, silver films on
PMMA that have been coated with either parylene C or parylene D will usually
pass the SCOTCH tape test without any film delamination. However, in some
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.

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
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 resuited in no loss of silver film with 20% of the pulls removing a
portion of the silver mirror from the PMMA substrate. Once alumina-bonded
silver films were overcoated with parylene C, no removal or delamination of the

silver mirror from the substrate was observed from tape test pulls.
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Although various embodiments of the invention have been shown and
described, they are not meant to be limiting. Those of skill in the art may
recognize various modifications to these embodiments, which modifications are

meant to be covered by the spirit and scope of the appended claims.
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What is Claimed is:
1 1. An optical construction comprising:
2 an optically transmissive substrate;
3 a reflective layer composed of a highly reflective metal overlaying

4  the optically transmissive substrate, and bonded thereto; and

5 a protective layer composed of a parylene polymer film bonded to

6  the reflective metal layer.

1 2. The optical construction of Claim 1, further comprising an
2 adhesion-promoting layer deposited between the optically transmissive substrate

3 and the reflective layer for increasing the strength of the bond therebetween.

1 3. The optical construction of Claim 2, wherein the adhesion-
2 promoting layer is composed of the oxide form of a metal or metalloid.

\
1 4. The optical construction of Claim 3, wherein the metal or metalloid
2 of the adhesion-promoting layer is selected from the group consisting of
3  aluminum, hafnium, zirconium, tantalum, titanium, niobium, silicon, tungsten,
4  vanadium, molybdenum, chromium, tin, antimony, indium, zinc, bismuth,

5 cadmium, and nickel.
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1 . The optical construction of Claim 3, wherein the metal of the

2 adhesion-promoting layer is aluminum.

1 6. The optical construction of Claim 1, wherein the parylene polymer

2 film comprises at least one layer of a parylene polymer variant.

1 7. The optical construction of Claim 6, wherein the parylene polymer
2 variant is selected from the group consisting of parylene N, parylene C, parylene

3 D, and combinations thereof.

1 8. The optical construction of Claim 1 wherein the highly reflective
2 metal is selected from the group consisting of silver, copper, gold, palladium,

3  iridium, rhodium, and combinations in the form of alloys thereof.

1 9. The optical construction of Claim 1, wherein the highly reflective

2  metal is silver.

1 10.  The optical construction of Claim 1, wherein the optically

2 transmissive substrate is composed of glass or a polymer material.

1 : 11.  The optical construction of Claim 10, wherein the polymer material

2 of the optically transmissive substrate is selected from the group consisting of
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3 polyhydrocarbons, polyoxyhydrocarbons, polysulfohydrocarbons, fluorocarbons
4 and fluorohydrocarbons, polyesters, poly(ethyleneterephthalate),
5  poly(butyleneterephthalate), polyacrylates methacrylates,
6  poly(methylmethacrylate) (PMMA), poly(methacrylate), poly(ethylacrylate),
7  copolymers, poly(methylmethacrylate-co-ethylacrylate), and polycarbonates, and
8 CR-39 allyl diglycol carbonate resin, OZ-1000 cycloaliphatic acrylic resin,
9 CALIBRE .1080 DVD polycarbonate resin, MAKROLON DP1-1265
10  polycarbonate resin, PLEXIGLAS VOD-100 acrylic molding resin, TOPAS
11 cyclo-olefin copolymer resin, ZEONEX cyclo-olefin polymer resin, and

12  combinations thereof.

1 12.  The optical construction of Claim 10, wherein the polymer material

2 of the optically transmissive substrate is poly(methylmethacrylate).

1 13. The optical construction of Claim 1, wherein the highly reflective

2 layer comprises a thickness of from about 100 to 10,000 A.

1 14. The optical construction of Claim 2, wherein the adhesion-

2 promoting layer comprises a thickness of from about 10 to 1000 A.
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81096H#& ()- & SY SMIOYUSHE ()- ss3! 10%SH& ()- IL:|[:bUss s s 3nLOYEHE ()-
MLOYSHE ()- s, M 10YSHE ()- sS10UBHE ()- & S3 100BH& ()- S L0YSHE ()-:

[ bUis s sB &mlOYSAL. () -The oplicHSHaisiction df10WdMe'16) -whereil 18Y/@UgIe)e &
ST 10%SH& ()- s s 10%8H& ()- "N [:bUds s s391008#& ()- SF 31nLOYSHE (). s3
['10%8#& () - 253 pob&##ith) fiubth&SB comprises an interlayer of parylene C and parylene D

3  between the layer of parylene D and the layer of parylene C.

1 17.  The optical construction of Claim 1, wherein the protective layer

2 comprises a thickness of from about 0.001 to 0.0001 of an inch.

1 18.  The optical construction of Claim 1, wherein the substrate

2 comprises a fiber optic waveguide.

1 19.  The optical construction of Claim 1, wherein the protective layer

2 composed of the parylene film is annealed or heat-treated.

1 20.  An optical construction comprising:
2 an optically transmissive substrate;
3 an adhesion-promoting layer comprising the oxide form of at least

4  one metal or metalloid deposited onto the surface of the optically transmissive

5  substrate;

36



*10USH& () - SF(!10¥%8#&' ()-1vUds s MLOYSH&' ()- s mMOYSHE () - S10¥BHE () -

s L 10Y8#&' () - 10S#H10S#L10SH sYS; 109%6#H& ()-"*+,-: NJvUds s! 10%3 & () -

S10%3 & Wo 022066680%( & () - LOS#HI0SH10SH SFS; 10¥8#& ()- S PCT/US02/02559

T10USHE ()-]3wWB| [ vUAs s s@*! 10%H( & ()-Ss s@L! 10%3 & ()-Ls ss!10%3 & ()-y

b (109X & () - | (10%X( & ()-: | (10%& ()-:BEFGHUdYYWs s "110% & ()-9

SM10% & ()-: s!10% & ()- s &10% & ()-10¢ 10G¢ 10 sF,; 10% & ()-YLp|[:vUis

s 35 (10%'z& ()-Ls sf. M10% & ()-Ls s (10% & ()-s sSF(1099& () S

LI10% & ()-,s, M10% & () stuv vU4s s3 ! # leO #.& ()-9

1 8105 o & () - SLLLO%e G THRGHVE bave Saposedgs o Mgty fekiecttVé metal; bnd

10% & ()-,C [NA4le g#' 10' g#' 10' g#' s SFS; 10% )-s sS. MlO%g# & ()-

: s@?( L110% g# & () s @ 9'alpukeghvelagyr compose@/&g# p&r)éc)nq Bolydrstilin in bonded
F1098(& ()-:s ss'lO%S(& ()-Ms s 1109B(& ()-zs "10%3(~& ()-y

ol &10%3(& (3 SoMARBUMHIreNEARL MR AURER% o#' & ()-103(103(103(s s3f;

109B(& ()-s s @sS!109B(& ()- s@s!10% ()- s, Y( '109%3(& ()-:[|[obWs

sL910% g#' & ()-10 s3S; 10% g#' & ()-s s 10%g# & ()-s s 110%g# & ()-

ss10% g#' & ()- s!'&l0% g# & ()- Normal" "Heading 13]c" "Heading 23]c"

"Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"

"Headi ng 83]c" "Heading 93] c"A "Default Paragraph Fonts-

DD#( ' L- L359! ?DWION bgnsPyWO, Gu Jx: ! D( PO8gAHQYbLj qUz' t Pl g- N @ DH$&Z' ) ) * ~+;

-/ MD1V3! 5M579: ; D<=?gA>BCEGGE K$MM OQR: TUWKZ[ ] _" kbQd) eghQ kI nYpqr *t uv} xUz?|

}~) hz' VveX1fQll: ] BYp 6Tines New RomanAri al Courier New'h Root

Ent r yWor dDocunent F " #$9&' () *+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~ I #

37



