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[0004] Numerous methods have been attempted to produce spectrally tuned
optoelectronic devices. For example, as shown in FIG. 5 one previous device
incorporates an optically-coated glass component 5 mounted external of the housing 3
of the semiconductor device 1. Alternatively, FIG. 6 shows an embodiment of a
device 7 having a detector device 11 positioned within a device housing 9. As shown,
an optically coated glass filter device 13 is positioned within the housing 9 proximate
to the detector device 11. Typical optically-coated glass devices consist of glass or
glass-like optically transparent substrates (e.g. Schott Borofloat, BK-7, fused silica,
etc) having at least one multilayer thin-film optical interference coating applied

thereto. For example, often the multilayer optical interference coating comprises
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[0006] Therefore, in light of the foregoing, there is an ongoing need for a
multilayer optical thin-film coating method capable of producing an optical coating

on a semiconductor wafer device or material that is environmentally stable, but both
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[0009] In another embodiment, present application is directed to a method of
manufacturing an optically coated semiconductor device and includes depositing a
first layer of a low density, low index of refraction material on a surface of a
semiconductor device, depositing a multi-layer optical coating comprising alternating
layers of low density, low index of refraction materials and high density, high index
of refraction materials on the coated surface of the semiconductor device, selectively

ablating a portion of the alternating multi-layer optical coating using a physical
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[0014] FIG. 2 shows a graph of the wavelength responsivity of the photovoltaic
detector of. FIG. 1 tuned or otherwise configured to selectively detect a narrow

wavelength band of incident light from about 720nm to about 820nm;

[0015] FIG. 3 shows a graph of the wavelength transmission of a typical silicon-
based light emitting diode;

[0016] FIG. 4 shows a graph of the wavelength transmission of a typical silicon-
based light emitting diode shown in FIG. 3 selectively tuned to output a narrow

wavelength band of light;
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transmit light having a desired optical characteristic therethrough. In one
embodiment, the coating 48 may be configured to transmit light having a desired
wavelength therethough. For example, the coating 48 may be configured to transmit
light having a wavelength between about 475nm and about 575nm therethrough.
Optionally, the coating 48 may be configured to transmit only light having a desired

polarization therethrough.
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hi ghenergy physical nethods of renoval such as i10on
bageiiatilayeisg apd highlycdensified bigh dndeh inrderiaMbyers oy 52, tdspectively,
1106 | shsit fRAn®Sf 10026 ' I I nde terial lavers.
JBSLABRINS) A S LSRR BT A
créhbpl”némghbh d@‘iSIﬂi@N_lQSﬁfalaed thyghl owiex mobgeriaimtler orel ethbydiment, the
ggc,i@{ag%lgiehgl?ilnél&%&%% Ioff \)gtgx tlli]eI lgbv and ‘ljneg)ﬁ ilrlqietxqarl)lle?sl 56, Y Grew Qh the
range of about 10nm to about 1000nm. Optionally, either the high or low index films
50, 52 may have the alternating high and low physical densities, the goal being the net

reduction in overall optical coating stress.

[0027] During manufacture, to prevent typical damage to the sensitive
underlying semiconductor surface, a first layer 54 of a low density, low index material
may be deposited on the sensitive surface of the semiconductor body 42. This first
layer 54 may have a thickness of about 150nm to about 800nm. For example, the first

layer 54 may have a thickness of about > 200nm. Thereafter, multiple alternating
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has significantly | ower stress as conpared to

current-art deposition nethods which rely on highly
walengiofised | ow and high i ndex materials. |n onBCT/US2008/013653

enbodi nent, the individual filmthicknesses of both

the I ow and high index |layers 50, 52 are within the

range of about IOnmto about | OOOnm Optionally,

eildyaRr oft Hv RHdeh lﬁmeriawso nd@hidh Index Miterl mmabaseesaléwvdy
alternating high and | ow physical densities,

bépmfdtth@eﬁeepnff‘e@a SRy IGple Myetvalriay and 6tahcla1ie)<claat€vﬂ§ %) 52 are
Staﬁﬁ?e%l th[e Q&?ggzﬁlly (285t Ge BN ﬁﬁﬁ% bé ﬁ)ﬂh%Pp@E(%YMSlﬂgyﬁécﬁ@manon

he Sensitive under sen conduct or
s @f f calaarqugtlg (&g-crydgflugfic acwbwcu@rn@lmsyal PIOGPSPing é% g ion

| r
L e

haveded, thhifokinkesy T mal det fultB@rprpeessed bsung GO%d@mFgmg, gentle,

a)é.glq?clll%d ﬁ&%l%cél efﬁiﬁnrg ﬁ%’x?ess %e %fl %ﬁ/‘é&él?ltt}e !r%lhugﬁl?g gi;f‘e ﬁ}fst layer 54

ofetchea/\easdyl@wtmmeeneqlatﬁ @bmm}b imeglslon rigdexndedt withait smﬁzlsk of
|ed ther

l.ect t L i
" Bfupe BY URChrHR KRR RS RUEU e 0 g, TogRlpd RbSequent
a[de'lrlbceﬂr,océsblﬂg Qftelr @il depiredstech sfvohting é@ullsagenimeed)umhh @iiclude

PR LR L T e S P SSE5R, i o

( enultiplé MYyePEAME(SEE PO} %nﬁﬂld/ortthd: defositivoh of ayehdiedor device 56
and/ or sen1conductor bod i s exposed. If gede

© RE (A B Sty LU o ALY oueling (Of ighigonductor

NQByiSEIPD MPnerF§ Boikr8e (a5 M nAUHIHGr €S R Abe Ab&AEA Gircuit (as for
process. Due to its |lowdensity structure, the first

| &yleiecdn). et ches easily with the required geonetric
preci sion demanded w thout any risk of damage to the

S¢ooad]i Ve BIHLIsl aidOshonieandishidimstt o e seh‘flconductor device
desired, subsequent device processing (after the

dehewiem Bkt (i év sitedoahonprie semicendugtor devcempy camprise a single

| et dRPRE &a‘iﬁu@ﬁbl@fde?ééwrt aQonat. Fbi teﬁﬁmbl@y Q*‘i@ 8 shows an
formng discreet filtering sections with

w@mtbp@rr@nl a§/ér muliple WgteptSEBericandugior @H@Fo@o thm@ng a body 62
dgpRhE | @et&Q{?dﬁégfogg A6 Cr O chdinfle, ScHMADr may be
tltanl tc for electrically coupling the

s eonfrguragiu cto odetdfév pptécali Oragiptiom &ndregsamoureecl¢npsh far dafferent

?é%lglgﬁ’ﬂ;ls F?%ﬁ%ﬁ}p?é%&&logpeg{oacﬁl bt aI \rll\?%;qo%lg%\%g% Eootﬁet@ct radiation
elhhmdg aprdvelehgth vetveeniaboutdi@onhmorand @ebow e 50nm, while detector region
64b is configured to detect radiation having a wavelength of about 450nm to about
500nmv. Referring again to FIG. 8, a multiple layer optical filter coating 66 as
described above may be uniformly applied to the semiconductor device 60. The
multiple layer coating 66 may be configured to reflect radiation having a wavelength

greater than or less than radiation at a predetermined wavelength range.

[0029] FIG. 9 shows an alternate embodiment of a multiple detector
semiconductor device. Like the previous embodiment, the semiconductor device 70

includes a body 72 defining multiple detector regions 74a-74n. In contrast to the



shown in FIG 7. As stated above, the sem conductor

devi ce may conprise a single detector device or
woropiopiseo det ect or devi ces. For exanple, FIG BCHIOSNE8/013653

an enbodi ment of a nultiple detector sem conductor

devi ce 60 having a body 62 defining nmultiple detector

regi ons 64a-64n. For exanple, each detector may be

C(plﬂffvik(gjslré?ﬁlbddﬁltndﬁ]tc f&(ét m@PipleC aiyleﬂ' aﬁﬁtﬁ@i 761 férmed &y S@d'cl’ﬁbed above

engt i fferent ngt hs or. exanp
deFgeops ?@8% legng RPN SEGRR T gmf BnGaeBRy 75 75n may
r @dhadpbm t@¥pedHicale RO k&g TuabRIVVRE Rud) @ah AQPMEréiIsh 78a-

about 450nm whil e detector region 64b is configured

t déadrache rafietedon sketivey Hlteiatpdiating tithdy p%gmedmyﬁwﬂgth
tQar%QOH oﬁg%{ﬂodﬁgn?rﬁlb NG eRGE1 Baibf 5!353‘7818’ma§ Bl tbinRldChe by

| ayer optical filter coating 66 as describ above may
@ommllra lervagyingiibe nugberodenpidy, semybesitirai endder thiskmeseobthe various

e%ﬁhﬂ%%ehﬁ}’l l51ﬁ%3’@1t %d?rg,alqgte ang conf| gured to

I'ect Iation a wave eng h greater than or
I ess than radi ation at a predeterm ned wavel ength
range [0029] FIG 9 shows &XAMPEEnate enbodi nent of

%og pl e detector sem conductor device. Like the
prl% us eMDEETRHY devipewasimnetBistrdusing tormpesss described above.

| e ke embediResty a %lgﬁ%érmpﬂgalmdhﬁﬂgp\lv% glﬁ)tl@@tdﬁéctfye&it@'a%lhcon
74a-74n. |In contrast to theprevious enbodi nent,

muafar ghayingagherovelizie riﬁ‘gcemrqcsa?sné gntagts gugeqe). gdd naﬂ@l»aﬁer optical
dggdtﬁgs\m{p“éoﬁh?ﬁr@d %% lgfltglr {h@gn&ggltq t Zr?e?%g §9 traﬁﬁﬁlptlngfa desired

ing regfon 78a-/8n may cor espon to a specl
depesgeldrand eud oyecridglightroutsids of il regerc Asfsuth, exnlyn@ht within the

gﬁcgﬁ Z%'gi ? nyy s % &/91? agy ?tgd tgro%gﬁl Qﬁél gcz}f coatmg and

on Wt pr escri bed ‘wav eng R
| putsepicntih deteeted by thmsenﬁmdntdectbngem&g|Tﬂnasph?§ieal7c$mramaysncs of
bﬁwcotnlsam %%lcontrollable varyi ng the nunber,
% s Si1¥%n, and/or thickness of the vari ous
Iayers forn1ng t he nultiple | ayer optical filter
ct31hg. BXANN WAOBR]/ 220LlexenPH arly.9devicd 4 81az09.35L 64.18H

COBSHFET A48 58 W O30 S8R0 ODRIE 2ok Moo

d64 &8 1194.681t 64.48K 104 681D 64vag1E 1 04. 581l 641@;8]]5?104 68DBBROEH 104.68L

oft 1 £ 0Bl B Sl el gaPLlptatioa waf R A o ape oo

| 64h8H e8]y 60YSH 10N6STL 1 12,7881 .0ESI AR

Where the symbols L and H signify the physical thicknesses (in nm) of L
(low index) and H (high index) thin films. The low index material comprised silicon

dioxide, while the high index material comprised niobium dioxide.

[0032] FIG. 10 shows graphically the reflectance characteristics of the optical
coating applied to the exemplary device, while FIG. 11 shows the transmittance of the

optical coating applied to the exemplary device.

[0033] In this example, the layers designated “L” are low-density, porous

silicon dioxide films deposited by conventional physical vapor deposition methods



spectral band and rejecting light outside of this
region. As such, only light within the spectral band

W@ ®n0T588hm was transmtted through the opti caPCTUS10081013653
and subsequently detected by the sem conductor device.
The physical characteristics of the coatings are as
follows: [0031] SILICON WAFER / 220L 49.59H 114.91L
(6 Qélec'skﬁ)hi 8&916 g&b,p(ﬁélte%8s‘ﬂicéﬁ4gg&id§7cérl3ﬁyg3‘/glﬂléls% g&lyexéted silicon
4.18H 104 L41H14 56, 7H 104. 68L 64. 18H
150pngsde gyaromisd by isptivesouise). Toulinblaygss Al thicknesg o 220nm,
3&midio H11dP4 . i@BLthé"rsu:bgéﬂu@lQ"r fasik d@ﬂcé‘-?fbé’e@é}n &l;c ls&!ﬂ using
104. 68L 64.18H 104. 68L 256. 7H 104. 68L 64.18H 104. 68L
6 hydrgflpersss agig) Encepsuaiineralteymting haghedappisy. chigh dndey ni ofilans are
L dé\;SBiné‘Jl 8y ?rag&y-assligeedomxgie&ah ,;Jueﬁkg @ﬁé@ﬁm(dlaxlam Aefmdstrated

(1L ow i ndex) and i ndex) th

i HHEXGndt e a@melswpﬁwébl cgatmgctsnet@heéxmdéelecm la@aft If@r contact
h | I

ARG T B aRler BRSO Phe Pl ot dresp i) of the
c hpiically eedtet siieonghotoldsteger isoHistwtedtin Rgs.dppl i ed to t he
exenplary device, while FIG 11 shows the

t FEgES P I I e

e>T<en'p ar ye\ggglrgggr& I[&gtl%sﬁﬂo?% de {?(git gé)%a H%Fﬁ hﬁ% réf?rgh& numerals
dessidgtheredrefer"to dike dlaventethet may hawve thessagiel <|>rcsmn11@ln cblxnedsons '
f enas on

RSk o0 C Sl BRRIR MENEBE chBEments pove been
dulblxtrded amnd ®sy1glmd ol \mﬂrta appmmrmadvasmhs modificutivms iceke be made

atﬁglita&eg)gmné rrf %Stnlﬂy aen Iour §¢ lt %\g eP%ci)rrn?%tg o?' e iIiW%ntion.

sukb&&dmglyt itfis natl indaddédcthatpthe Q%Bmmlg)eelﬁrﬁmm@/ thedpreoiigndgtailed
hﬁdrofluoric acid. Encapsul ating alternating

éﬂ%ity, hi gh index Hfilns are deposited by
pl asma- assi sted magnetron sputtering (niobium
dioxide). As illustrated in FIG 7, the conplete
optical coating is etched in selected areas for
contact netallization using the aforenentioned
nmet hods. The final spectral responsivity of the
optically coated silicon photo detector is illustrated
in FIG 11. [0034] Wth regard to the above detail ed
description, |like reference nunerals used therein
refer to |ike elenments that may have the sanme or
sim | ar dinensions,

10



materials and configurations. Wile particular forns
of enbodi ments have been illustrated and described, it
wowdob/oss@appar ent t hat vari ous nodi fications CBEI/D82008/013653
made wi thout departing fromthe spirit and scope of
t he enbodi nents of the invention. Accordingly, it is
not intended that the invention be limted by the
f avigoisngaicied &t | ed description.Wiat is clained is: 1. A
nmet hod of manufacturing an optically coated
sem cAndhedtodr oflemamefacteriipprans bpifratip pesitdd rsgmavohducsdr device,
| ayer of a lL.ow density, |ow index of refraction
mat eri a*BR™ ¥ ur f ace” of a seni conductor devi ce;
depositing a multi-layer optical coating conprising
al t er depbsiting b dirgrlsyenfof laduw diensityt Jow Intlex iofiddracthién material on a
refraction nma ials and high density, high index of
r 1fr|fa§8tk ﬁe%?@thfgevbcr? the coated surface of the
sem conduct or device; selectively ablating a portion
of t h@pai;itim aahilltigaynnldptiedla)pelling)ptbrhpn"sling:mlﬁdrhat@lgtlayers of low
e ast. a rtion of t | densjty .first .
TIORRS. B8 L RrBaIy Sl My re B s X rpigtion
Iagae:mamfonlthnmadmﬂsuﬁ}cemtlersbmicohmxcaxmleﬁiee;at | east a
portion of the sem conductor devi ce 2. The met hod of

clalm n..at nS|t | ow_i.n
t% ¥i 1 0 tcalecoa(en to
refrat eftc%e )Fmt)lgtr“ll sloarllp(f)f;1 & tLejrsnan ti-layer opti ng

I egios¢ atlersBOpdraen eﬁtapw»aﬂerﬁiny ﬁfsokagérsancs. The net hod of
claim1 wherein at |east one |ow density, |ow index of
refragt terial a sin conventi.on

el ec tsre gcfi)%: eyanl%jtmﬁoa ({rﬁ%rh Qig tl}'l% %e § lIlayer 9f ]?H/ c%nm hngenq to expose
chtdeast 4 povhien ef the a¢tmiceddictoo devide. gh denS| ty, hi gh i ndex

of refraction material is applies using a nagnetron

? ut tﬁ{ IrHcgch(p({ ﬁtccqzﬁgl 1 Qher%}?neat ??ggtr})%g 1§Ié dgns rﬁ]ogv 1%%0% r@fractlon

| east one dens racti
nmeaerinkb ap;ﬂledppllng @ Sesirtivergoace evap\erbmmprsqmst.t ering
processes. 6. The nethod of claim1 wherein at |east

08€ Ny JRAP Naim ihg'gexjefﬂdaﬁ%a fonk ?5 Sﬁshg”lo&%c?éx' Frefrabtion

appl i es using a cat I'C-arc deposi
material is applied using a conventional electron—beam deposition process.

4. The method of claim 1 wherein at least one high density, high index of

refraction material is applies using a magnetron sputtering process.

5. The method of claim 1 wherein at least one high density, high index of

refraction material is applies using an ion-beam sputtering processes.

6. The method of claim 1 wherein at least one high density, high index of

refraction material is applies using a cathodic-arc deposition process.

7. The method of claim 1 wherein at least one high density, high index of

refraction material is applies using an ion-assisted electron-beam deposition process.

8. The method of claim 1 wherein at least one high density, high index of

refraction material is applies using an ion-plating process.
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7. The nmethod of claim1l wherein at | east one high
density, high index of refraction nmaterial is applies

W@ 2000975880 i on- assi sted el ectron-beam deposi ti oPCT/US2008/013653
process. 8. The nethod of claiml1 wherein at |east one
hi gh density, high index of refraction material is
applies using an ion-plating process.9. The nethod of
chai nTHe whthoéiof dldim MWHetein @ypehulbiphya adpti€dladoatigl isSselectively

sel ectively abl d. usi hysi cal abl ati ng processes.
18 la‘Fﬂgmﬁ%g%bcag‘fﬁ%tf"&lHW% {%ﬁer ei n the physi cal
abl ating process conprises ion beammlling. 11. The
n20.hoTheofnethlodi af claih® rvétiereidi fige phylsicht Ataytarg Potdss @bmprises ion
Bat [ gnng' i s selective abl ated using chem cal ablating
8 12. The nmethod of claim 11 wherein the
chem cal abI ating process conprises hydrofluoric acid
pi bceBsi mgthod of diien rewheadinothe ahwtifaykr WptERi dvatifie is selective

first,l ayer ed using a controll ed chem cal
efURTRYT %}tegg%a? Ji]agmgbprﬁ%ets d of manufacturing an

optically coated sem conductor device, conprising
déposThei mgthadfofr elhink ay ewhetinathk Quieaiéak iabliting @rodessd edmprises
n_material on a surface of a sem conduct or

fé’(/({mtfluonﬁéﬁglspr?ceﬁsénga nul ti-layer optical coating

conprising alternating |layers of |ow density, |ow
i bHlexIhef methbd aftclam hutlerdimltis frsd ldyeghs algasd tuginghi géntrolled
%ca%tcﬁ%fra%teéson materials on the coated surface of
€ 'sém conaict or devi ce; sel ecti vel y ablating a
portl on of the alternating nulti-layer optical coating
ust-ngA ampthydi efal mahifahirmg pn og@eslly ccostedosaniadnduemst device,

p ' of the low density first |ayer; and
sgﬂrlﬁedrim'\%ely ablating a portion of the first |ayer of

| ow density material using a controlled chem cal
et chidapospimgce st layeeshodev densitpalew iadgpoof fefmactafn hierial on a

Ss%@a@@%%%&%ongfc\@rcﬁvice;

depositing a multi-layer optical coating comprising alternating layers of low
density, low index of refraction materials and high density, high index of refraction

materials on the coated surface of the semiconductor device;

selectively ablating a portion of the alternating multi-layer optical coating using
a physical ablation process to expose at least a portion of the low density first layer;

and

selectively ablating a portion of the first layer of low density material using a
controlled chemical etching process to expose at least a portion of the semiconductor

device.

15. The method of claim 14 wherein at least one low density, low index of

refraction material is applied using a resistive-source evaporation process.
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15. The nmethod of claim 14 wherein at |east one | ow
density, low index of refraction material is applied
W@ 2009073880 esi St i ve- sour ce evaporati on process. BGI/UTI068/013653
nmet hod of claim 14 wherein at |east one | ow density,
| ow i ndex of refraction material is applied using a
conventional el ectron-beam deposition process. 17. The
Mahothemethal B Lhimhes eildret at @ast caddoRi Ghsithg NBiWt Yhdex of
hi i ndex of refratlon materjal is lies using a
mebRStiP atepal if apRlivg uping & seuventienal qlﬁ‘ér%&eﬁ’b‘cﬂ%‘?s“&‘? Hgess.
14 wherein at |east one high density, high index of
r ef7r aThé Giethgat ef chimi1g ah@kinest ldadtNeheahigh alenkigarigh index of
terin rocesses. .19. The nethod of claim14
wﬁ afiAn teF‘é'a‘é,f‘p ﬁé“ﬂ%ﬁm&%‘ﬁg"f’ﬁput}%lﬁ% PI%iefex of
refraction material is applies using a cathodic-arc
dGISOSiThé atethpdoce skim 2@. wﬁheml’fﬁt lead @fe kikRidendid, \Migh @idex of
tléq'cast one hi h densi t gh i ndex of refraction
figh malerial s FPRUES Bt iaRoPesR SBILiErig pepossses
eI ectron-beam deposition process. 21. The nethod of
cllai NTHe! mwteidedh claim | 1daghereineathiegd aeniigh Ydendityg highnéleex of

ef.ractia rial. is S .using an ion-plating
o et mais ik in g et Rt Be i #5 SHPoIER St
phyS| cal ablating process conprises ion beammlling.
230 ATBe miettiddof tlaim davivhereinasti st asheoigh Qﬁhsn@oaﬁg'hn thdex of

ct.ively .applied thereto, | east one
U DRPHR MATRLES FRloF H oo T Ru ot e ddipTippdiocgss
f| rst layer of low density, |lowindex of refraction
oRli clhe mettexi of c]amnlli4edhéreinait lea?sisdnet high fdensdty, highf adex of
Ofeg% ﬁ senm c nduc or waf ayer opti cal
coaft’ &“‘é‘ﬁtﬁf‘ S8 R0} Hsé“%?“r‘SP Pfaé’i}%PmSFSSI ow density, |ow
i ndex of refraction material, the nulti-layer optical
c@at i e m@ﬂlpdioé ictegmal4t wheraini thg phpsiail ablafing pwcesn®intpyises ion
wmdg1 refraction materials and high density,
hi"g 8% of refraction materials. 24. The device of
claim 23 wherein the | ow density, |ow index of
r éﬁ I adtsemcondiceori didvice draping s sopsicdli weting saedtigely 2ppliskhthereto,
é’? .0of claim23 wherein the |ow density, |ow index
faction material

at least one semiconductor wafer having at least a first surface;

a first layer of low density, low index of refraction optical material applied to at

least the first surface of the semiconductor wafer;

a multi-layer optical coating applied to the first layer of low density, low index
of refraction material, the multi-layer optical coating comprising alternating layers of
low density, low index of refraction materials and high density, high index of

refraction materials.

24. The device of claim 23 wherein the low density, low index of refraction material

comprises silicon dioxide.
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conprises at |l east one material selected fromthe

group consi sting of alum num oxi de, silicon nonoxide,
woragnesisem f | uori de, and thorium fluoride. 26.PdMNes2008/013653

devi ce of claim 23 wherein the high density, high

i ndex of refraction material conprises niobium

di oxi de. 27. The device of claim23 wherein the high

dessi Tl ddvicglof tlatie 23 ofhereef thaiw @dnsifp i@y inlex 6DEPattEMSmaterial

at | east one materjal, sele romthe group
 GREPaYEs AGlewY oty Pkl fffa@ the ZHONR FRMFISHES PB‘J%P’a‘é‘um oxide,

haflisonifofld:qad, Hgnesiunt Ailrid) AHdaKdrilea fladddel num ni tri de,
zinc sulfide, and zinc selenlde 28. The deV|ce of

cl 3 mhere n the se con uct.or waf.er d ] ne. .

PP o (P BbeIaB a5 SHERGh OF idh deus, SER et gypkaton
Ofmatdrial ¢Bnstisedueibisium dlds}@des,em conduct or devices conprise
one or nore optical detectors 30 The device of claim

rei,n.the.fj rst | ayer. i ckness.of abo .
13bnnT 1 URYsI0T BBORA® FHcemBedugh dEoP. ek i9s of refaction
WhtegiaNcdniiRisbsoat @daSt driemivtdithl tdn@temlfrdm tHeqy&Up REIEER of titanium
cgatlng have a thlgeqsgnuof about. 1 Onmto about

tantalum pentoxi m dioxide, zirconium dioxide, aluminum nitride,

zinc sulfide, and zinc selenide.

28. The device of claim 23 wherein the semiconductor wafer defines one or more

discreet semiconductor devices.

29. The device of claim 28 wherein the semiconductor devices comprise one or

more optical detectors.

30. The device of claim 23 wherein the first layer has a thickness of about 150nm to
about 800nm.

31. The device of claim 23 wherein the layers forming the multi-layer optical

coating have a thickness of about 10nm to about 1000nm.
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