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equipment incorporating MEMS devices into mobile and hand held devices.
Recently, MEMS devices have been utilized in a number of optical applications that
20 require large optical displacement by transforming a mechanical distance into an equivalent
much larger optical distance. For example, MEMS technology can provide adequate resolution
in many Fourier Transform spectrometers and Michelson interferometers. As another example,
MEMS devices can produce sullicient scanning depths in various Optical Coherence
Tomography (OCT) applications. In addition, MEMS devices can also be used to achieve
25  dynamic optical focusing through the manipulation of the optical beam working distance by a
moving MEMS mirror.
In the area of spectrometry in particular, silicon-MEMS Fourier-transform spectrometers
have been introduced that achieve a resolution of about 50 nm around 1300 nm in the NIR (220
em™). In addition, MEMS-based Fourier transform-IR spectrometers for use in the 2-13.5 pm
30  spectral range have also been proposed. The resolution targeted for such an IR spectrometer is
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10 cm™, which requires a mirror motion on the order of 0.5 mm. However, even higher



30spectral range have al so been proposed. The resolution targeted for
such an IR spectroneter is 10 cml, which requires a mnor notion on

t he order WP 201052h¥F However, even higher WO PCT/US2010/031467
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based Fourier transform spectroneters. In order to achieve these
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30  of corner cube reflectors. Furthermore, a flat mirror can be coupled to an end of the moveable

array of corner cube reflectors and optically coupled to receive the incident beam from a last one

of the corner cube reflectors in the array of fixed mirrors and to reflect the reflected beam back
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initial corner cube reflector of the moveable array of corner cube reflectors back towards the
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optical path retardation nultiplication, in accordance with

enbodi nents of the present invention; FIGURE 1B is a di agram

il lustratiwWgzewdaapiBary notion of the optical MEMS devi OET/US2010/031467
accordance with enbodi nents of the present invention;

FIGURE 1C is a perspective view of an exenplary optical MEMS devi ce,

in accordance tow th enbodi ﬁsgﬂlﬁloﬁﬁrﬁéﬁ%' nventi on;

FIGURE 2 is a diagramillustrating ano ‘ilg?sy opt i cal VEMS
devi ce provi di Agnooptangddte paitisandbgoidiag presantriviehiiqul mayeteiobrined by reference to

accor danc ?hewoflé]wfm&g}leg%nécfigt?on \Erl%gl e ﬁ 3 Ot gt\{oenn\;[mho e accompany dlé%&éwmgs

is a plan Vview 0 evice, 'Tn
wi t h enbodvhaemt s of the present i nvention; 15FI GURE 4 |s a di agram
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optical path retar ion pI ica ance
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illustrating ap, G@ff{%ﬁfﬁ él dlzl\é'ra(}lbﬁfuﬁ?ﬂn# Q)Ee%{p a%r AO%Er élgaﬁggml\i/lggev?‘ce, in

MEMS optical path retardation Ier, accor
enbodi nentecoskngehvdthpnbedinentp of thQ/ErﬁsenUnventlon FI GURES 6A and 6B

illustrate stifg; £ p@fé?t ‘f'\:hé(w 0PI & th]ﬂl%g%?nga?ﬂ]ﬁfs Egv?ch' #1128 rdance

optical path retardation cat1 on, or dance
enbodilfrentsth gmbediveents @fmeﬁeﬁvmvmm FIGURES 7A-7J illustrate

exenpl ary fabrieafdeon; A Q5888 1ALERS f lheq' egééﬁd?ﬂgt g&ca; ﬁ%&d&c&klcg gro%ﬂling

optical MEMS device In accordance res
i nvent i onoptical path iEadasRmeg dplgRtidn, iﬂljlsftoﬁ’@v@ veisheampbtodingnts gbthe Blaiqnblnvenuon

process steps f@iREY §sh£R1aﬁ“%¥eGPQ A exgi?tﬂfu'yct%hbep 1911s QIQH:eC A MCe w jth

devi ce in accordance wt nbodi nent s of e present Invention,
FI GURES 9AvbwEimenty efttheqresciiisiepicti y f abri cati on process steps for

fabri @5’1'“ ng a ﬁ@%ﬁ’@"’ﬁ{@@@iﬁgiﬂr 111&§t%1uh£ yfe@Qﬁthéx&QpI%} &R&;Alcﬁl:lvfsEh@lce
device in accordance wi th enibodi nents of the present “i nvention.
providing optical path retardation multiplication, in accordance with embodiments of the present

invention;
FIGURE 5 is a diagram illustrating an exemplary Michelson interferometer implementing
a MEMS optical path retardation multiplier, in accordance with embodiments of the present

20 invention;
FIGURES 6A and 6B illustrate still another exemplary optical MEMS device providing

optical path retardation multiplication, in accordance with embodiments of the present invention;

FIGURES 7A-7J illustrate exemplary fabrication process steps for a method of
25  fabricating an optical MEMS device in accordance with embodiments of the present invention;
FIGURES 8A-8E illustrate exemplary fabrication process steps for another method of
fabricating an optical MEMS device in accordance with embodiments of the present invention;
and
FIGURES 9A-9F illustrate exemplary fabrication process steps for fabricating a shadow
30 mask for use in fabricating an optical MEMS device in accordance with embodiments of the

present invention.
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t he refl ect01261083L185 have a non-ort hogonal angl e bet weerPifgsz0aus3IBaYes
of the reflectors. As shown in FIGURE 6A, the angle is 109.47 degrees
bet ween the two edges of each reflector. WO _

2010/ 1211%%?'1-{1%§8&%ng9 ?ﬂ‘ile4s§1§1e reviou’sa‘% glﬁ)@e QF 4 %?1%@1‘ éuﬂe '1;9! 5:% . agg i ta&ﬁator
refl ectors can be tabricate J§|ng, for exanpl €, ant sotropic arkal' fe
wet et chi mg>tiori of pray (1(101@1, e vnitg éerduayer208 0hiots sthepiSd paafilferencast 3.6 mm,
de.scr' bed whith T4 Eivglgﬁt%!i#agﬁ‘o%\(gtér?es 9{? eo(ft?.!ﬁgmm th FI GURES 8A-8E,

whi ch enables vertical . a 1sotropic etching as well as snooth surfaces
at the <111> planeg n@¥(toothe tdaiailgl of itheeintcalyromeeAS0Q the Mikhelsofi intherobeter
wet et ghi g athe @il Sohle 41pe 8, LIRSy, 3

to the angﬁeu Eet V\%en he e<1l?1a>se\e7lreﬂr5?§{éée%l"%laz'r?g’gmﬁé{.lg& Z%b asﬁ?egeg[eogfﬁdéjﬁ%
r ef | ect ed nigeeatie reflestor R0 (inevehide ey af pomepaibé reflastars) ankd theotwoHsed mpnadtrs 30a
beam 70, gftah, & CPRSECHL I ' S cppner .
cube- 1 1 ke ry o sras SERRECHILS. I RERY ofpipl ot b e PhForcany
still operapidiprestiee andnmdentiear’0 fidovibeentical gowtd YA rndrodblititeringidant ogam
the for mibgindDrfOhcRGRBLRARIN &L MedRL| be il

(OPD) isr _eanlsi red 1t (C)1 i_n_c_laudedatahe ngn- 52‘?%3%%&@@2} %%{%ﬁglo?g%n&%eﬁﬁgfg%%
due t &0 t héirectefifowgsiinaneigitighepmer cube reflerigr ai the mevsebleariRy GUREST 7utg, refichierse
are ill usbp g RefLRAREACY § BRI liEP3d FPLARRTS 531){]0?'2:01];1@}%5&1%}1}:&(95 and

optical MEMS device incorporating an optical retardation .
mul tipliefhe flrﬁ.aarewf &éﬁﬁ'clénimsjtwaé & i (vl lpravagsk afﬂﬁé"eﬁ!ﬂé’g‘émd iontpuirasiaglirst
FI GURES 7ffibcted bdatStdaath e fidilifitcorndPo®X SERb®F ¥ thehiol &bfel Ry BF QF5S Sube
The first fabrication process involves the fabrication of an

i nt egr at efPfaE0n 8 gl e RISt B corner cube reflectors, fixed
mrroks, beamaRlaudilify hiids 298lsl opasil BeupMEMNeAG A QEordRthidRORAN 76@hnd
springs. In Figure 7A, an alum num sputtering step is perforned
over an S8 e{legt die sefoag dicidenidram4owyds & inwhived i Aishierenglearay ghfixed
whi ch f UnGlii@NS0nas barchBsikl Hebleed S YURSEAMBN O BL@NHiIABrsBDb hide sbQRA Sk bEan
| ayer 420 of the SO wafer using DRIB, as shown in Figure 7E. In

Fi gure 7B}hee{n‘ﬁ’ﬁﬁ%k’o@rff’és?fsff’mﬁhf‘@f:if%ﬁec@iﬁozq dongy fecondefory ik and igrgrsupph and
layer. | nokth@us @ sddond 2fledddRGmaBYrobt @p iditfl RN RHHIESE hOSecbR@drag bNfxed
t he IVLEIVB devi c Cllﬁe li.f ho rap@g step is sufficient for reali zi nH t he
movi ng® r efEEE Otfs TRR AR A7 bls Surther QRaiFdly £qunlgco gqegive thg sgcqrq reflected
act uat or . béRe73biahihageatseal kedted BanhewRNahObd@ShHiter T2, € BbanftdMtérS
transferrg | orj ne et chi

to the al um num mask 430 l.asma, c hi ng of
the al ur s to St et TRA e P e B SBRR P B B r b
t he waf er caniikdd fire@ aahdcoghdtrtrecos behen wivelds tit a@edi@yeen. 410 of the SA, as
shown in Figurg 7E. s sho in Figure 7F, the renainin
a1 m num mek 6o RE Eh GRRRD i Mgl nfpreromie iR eryapa
FI GURES 71 thantavilegersiodinghntsf £Smiachuasie thebervhled ¢d ugllddienBFoufieyBakktem
reflectors are rtel eatﬁga nyet c‘hli(g%‘t he buried Si 02 | ayer 410 using
HE, whi | e BT XY L OF URFIREST W ¥ %ot rel eased due to the wider area
of the Si Q2 befi€HRRAS 6A and 6Butlmduag sfibwandtier Ekaupey dpticaBMENESdEmcapakidhgO
is used for. the selrt;jgttmi)n

: ve netfallization 460 .of .the mcromrrors and
refl ect i ngPUSH PR garddin ]{}\%{’Tﬁmg‘?nh&aﬁﬂr&?fe’n‘&ﬂ}Wéboglllﬂfgﬁs Pé&‘g PISEHL Y H P e
vertical DOFIGRIRESUdre astigesthe oopiag fntrron 20amdt fhved hlitrgrd3Oedigie imafudd b€ array of
corneg. cu s creatd . 10,2010/ 121185PCT/ 1152010/ 031467
connecg:% i ogeﬁﬁ‘gsg.lgd@n%sﬁg\/ﬁ% al #ﬂllgﬂ:u?'e 73V #g réﬁeﬁ BW‘#% e&%"sijlégﬁ?da{:lgd
over the 8@Inosuipst catieaeflectors. Rather, the reflectors each have a non-orthogonal angle between
the two edges of the refleclors. As shown in FIGURE 6A, the angle is 109.47 degrees between

the two edges of each reflector.
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400-420 to selectively sputter C/Au 460 onto desired portions of the
top silicon |ayer 420. I n enbodi ments in which the Bosch process
is used foWORRIVA2EBEhI ng (shown in Figure 7E), rough nBCTAS28BHIEES
may result due to the periodic nature of the process. Thus, as shown
Sin Figure 7G growing a thin oxide |ayer 450 on the surfaces and
then removing AI: cg}y byls:eenalﬁ ﬁ@ﬁﬁﬁ éﬁq ﬂ@ g:'ﬁE&orZ |E‘an Bélgabp gatéﬁ?bs{l\%/ f(p cI,xg 1SIe
structure rel ease to ensure a snoot her it
cryogeni c aDRit@pigraubnswitstahigdf ihe (Fle dc‘eceﬂarer Bl{eofphot@bwalet, ep@sgtb@m
in Fi gure 54 up S

obt ai ned |10r ecf@[% bg@v \2@%8??361%?%“ n Q%E%Il%nﬁe\h&ha%rgﬁfegﬁéﬁuggs ﬁ&ﬁo

i n Fi gur e ehingragwelbas sn@othé@éag@aatghe <éél>tlﬂ<‘§18p3k§)cé§1§ dpderdgyeroAharegult of the
bett er s SelgeLiphd, ¥nd Sl IhPrePOLO5S £ £§ @b add dfid by

cryogenl C terrpera ur@%’ eFI GURES A SE u9|strate exerrpﬁ?eo&ugéen the
f abri cati chllrsesgplapeepd. f or anot her rret hod of fabricating an
optical MEMB OgyieGRe fefledGORhA XA b el

i nvention. FlI GURI%3 8?0\91 fl ust rIat es g%lﬂg Lr%@t%wﬁﬁg%lﬁﬂg{eﬁyg a?ﬁl% ffter wo
| i t hogr aplegnsstugipe Tedledtion cyrdestiiom the gaaerpibolike lmgowetlhﬁ mgying fyarror 20 and fixed
el ectrost afiinGr RGHHALRopQhte H‘@ne VENEm SR, Cﬁomgr PRh&t %&*ﬁwgn% mteff& hfP
silicon 15 layer 420 unt| reachi ng the oxide ettch stop layer 8 of
the SO wafreleamgpaths raigrilasion yr 9gtieat ippB libigiense (PRDE nisaditadon ingledy the non-

FI GURES 7%&m&&5&%&@m@e hARC IS kiuhagpe 480 i's applied to the
wafer (e.g. oXi atlonl_lto define the corner cube reflectors during

a subsequent aTLR’&lPS A W IR Ff: (here gre illyatipied examipiagy fabrieabion grocesps\ipr
in FI GURE f&ﬁcatmgi an MiEATMERS WRice SA@RIoRGinP R B %E‘@Vi@tafdﬁuﬁll %ghécm

the | arge angl ed npvi n% and fixed reflectors shown in FIGJ and
6B are forffStflancehuite embedimenty of HbRARTeSNt ARSI zfﬁSTUBBSn’frf*g"f'JstlkJEf&mrae&m

such as t Reendfdry FREadADroRY. NThd @it EMIrRERNAIEesLIORFRINP Yatlesbn"G an
the buried Si02 |ayer 410 using BF, while fixed structures are not

ol eased RS e fatiariudss 4 tomet Fie STOBAHEAHION, et e gEwelhas
shadow masle MRS ix&ui&eeld hRehahibd sp@lgect i ve netal lization 460 of the
noving and fixed mrrors, as well as for netallizing the substrate

beneath the vePti@Et 7S iUfipyp s aes{ds B‘éfq“BFc}’r?Véé an B! vafey dpyveg §0-
OL thfe EOE!H@I'[O e an hRhHlie6T RYeranl wHi@athdignCANNEEE @R sp@d@enﬂtém@w&e
this fabrication_ process. jnyqlves two i ng, ste as extra
Steps 2 or G OAGRHPBR ANt SObgREpy e PRTerS g Bivie gl imebar
verti cal i phot@fesishpateul mem iseptieoter K2 aNiniihgh $ayel\l\/fIhQ?ﬁguE’ﬂ Ta, rm IZBSerpRY keals
| osses due r ections t e beam nder.go
dor i ne 14 et B Rting R B R Du’ MBberehe R ety S g6 SPg e
creati ng hiloeing ekl crors mad Kxddsnishe am wich aﬂhg ellbcﬂﬁm%b e&ﬁatoAsﬂdﬁﬁlﬁxjrgt dpRflpattern
above in c¢o re 7E .an | GURE 8D

oot o TR bR bt f87S cpARd oSBTt g€ ALY Bty thohde
adequat e neebiag bi thathhmimuindeyet,he siviwndn Figuvdilh.e DRIE ishee:s@pmedttb e wafer unul

o cr oat 6 VERBE b ol 67 200 SERC PSSt H s 4k BRAR Trnar iy

nmetallic F@yeﬁFSmarmsurﬁr@raﬂmIﬂnmwemsla439ild mmowdmhgan B@thsi ng, for
exanpl e, alum S e n ur.e 9 ot 0-resi St

mat eri al 520 aﬁymg‘é’g% Egﬁ};ﬂ%ﬂoﬁﬁ%g ﬁEnécluH%ssuc & N@%‘?@ FSY. anq'ﬁgw?agﬁ
phot o-res reszctmatamrmlafnseéﬁi)etc}sny&edurﬁe@lrSld)i Iamgtl@ipshgg HEnvdhile Heedgtdcars are
phot o3k esi ctd a etch stop. 5Subsequently,
as sho(\gm I'n ﬂ%&e&ueg%hg%%{eﬁ% (gflptﬁe;ﬁ%g%%%l ed out on the top |ayer
520, foll owed 'bymu@hcm forfégyé &Ismhﬁbwhmalalgﬁlwls tifed fal thndeleouine] resy@lizabd0460
as shown ip.Fi r usi n ough e
silicon W:%P[eh 2 I%g%ﬁmg&s sh 6@%‘% gesu?;]'es r%a‘gI 1 Rgalngﬁum}l%m OS%II‘) gelgal[es?'glealﬁ I&w
mat eri al $80cad nortnd:re:u}a@cdg@mocﬂerlbme as\de elnrd5@l@e ofFihm abingr, cubs nein@vind icreating
Figure 9F, the photo-resist material 520 and 530 on the top and
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10t he shadow nask. As will be recognized by those skilled in
the art, the innovative concepts described in the present application
can be nodWPi28W/13HES vari ed over a wi de range of appli c RGTHH2010/031467
Accordi ngly, the scope of patents subject matter should not be
limted to any of the specific exenplary teachings discussed, but is

15 St 0% L B T P ey ey st s
(31703403026} 2¢eqisal? SpulieTMA OB 0PgIE8siIkE pPROTISIS 1ROL0HIBEN l236720.
25- 08-2011 Pﬂfntéﬁ%9$9{e9§%@ﬂiaﬁﬁ§e%§@ﬁl}ﬁce§1Eﬁ& _fcrnlxéom%“ec&ﬂ{g‘@ wgg@ Here

El ectro- Mechani cal System (MeMS) device providi an optica
ret ar dat i dR). AeHehinpirpresurfaces may resiipdue tg the sy edignasure of the pepcessr Fws, a8 glyevn

refl ector :i i . o : & ' t he
Cubstr o e heprsoicddind £ ko 8631y & SECAME SHAG 308l i Ehe S GP w1

separ at ed Stpvonnt s Thoen bt ey bepreairnciyapelease Erraires rasedive Atirefsutfive
first andigge@ndr @gﬂ/g MR ﬁr&%ssti.bbsreg i Hg6re 7EMRL Bcsst AbhsQREY indigrtilt:ﬁes

coner cube reflector being optically coupled to receive an Incid
beam on t HE apfl /Ewaslfghe uapefesspaslpt &smeptics pyrbaey isoh@inpgdiregenaftds eighing.r bim

the secondy@@@€ine alumini mhAk&HowA n188urd OK TRY nBNbel fiBesSMP 31 R TpFocBR tends to
optically coupled to receive the incident beamreflected fromthe

cor nert® cubaverhefgralecsivitpbrivesp e phpipaesisbmaterigl apd siliqes af givcicean lenperaiebac k
towards the cop@RESUNESE §lids@st @kendbiard fJb%Eitf%ﬁtp%eQ%a:?l @Arodggth@f Iglﬁﬂ&f e
orne e

path of the incident _ bea and, a MEMS act uat or on t _
subst r at e PRSP PREFAL M%dedw frefecetgpree prith | egibpdpienty ol geseqt invention.

di spl acengr¢urf sARBustrhtsShe ﬂa@ﬂtiﬁ@ﬁﬂ&dre%lilﬁégr?ﬂ? s@PtARSinCMP Bixed mirrors
refl ector perﬁendlcular to a plane of the fixed mirror to extend an

optical pat el angerlasiosiade aptasipraeltthyyMidih levies andRIKeking & thedopfilicon
Cai m4, wheronntihRadhingse Hlidd Qéh &Sp Rydrl4ab ofMink IS0 vafdreRts@ftlarly described
above in connection with FIGURES 7A-7F. In FIGURE 8B, a hard mask layer 480 is applied to
the wafer (e.g. by oxidation) to define the corner cube reflectors during a subsequent alkaline wet

etching (e.g., KOH eiching) step, as shown in FIGURE &C.
After the wet etching process shown in FIGURE 8C, the large angled moving and fixed
20 reflectors shown in FIGURES 6A and 6B are formed. Thereafter, as shown in FIGURE 8D,
moving structures, such as the actuator and moving reflectors are released by etching the buried
510, layer 410 using HF, while fixed structures are not released due to the wider area of the SiQ,
beneath. In FIGURE 8E, a shadow mask 470 is uscd for the selective metallization 460 of the
moving and fixed mirrors, as well as for metallizing the substrate beneath the vertical corner
25 cube edges to perform as the third edge of the corner cube reflector and creating connection
pads. Although this fabrication process involves two etching steps, as well as extra steps for
protection and lithography, it ensures the smoothness and verticality of the corner cube-like
mirrors, which minimizes optical losses due to the multiple reflections that the beam will

undergo during its propagation in the structure.

30 An exemplary process for creating the shadow mask is shown in Figures 9A-9F. As
described above in connection with Figure 7E and FIGURE 8D, the shadow mask is used for the
selective metallizalion of the wafer (0 ensure an adequale metallization for the mirrors, while at

the same time protecting some surfaces from metallization. As shown in Figure 9A, to create the
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orthogonal to a direction of the incident beam 3. The MEMS device
of Caiml, wherein an optical path difference between a first

positi on oWOt2Hw/igbler cube refl ector and a second posi tH@EISE0100BE67
corner cube reflector is four tines a displacenent of the corner cube
reflector between the first position and the second position.

awt ENDED BREET T B+ In R Rucr 90 1Pt heP PP 04 BRE G At

23: 33: 06. 2Ppagmnbspyftering. TheR 5u Fige@ PB; a phptp-misistimaterial 520 and 530 is spun on both

26- 08- 201 . 7 4 ) ;

( 317o3403%%@6‘&2@%?%%8@%% né%%}zlg %égr?ﬁg%ig‘%%% 5@'%6 bottom
25- 08- 201 rhRcTysigsRatiy] 0N BT RERISATENENTP.SHEETS 4. The MEMS devi ce of
Claim wher e 0 0

cor ner;cube re d"bsé n&tg éﬂ%&wﬁ%f 1|g{11%dd Cﬁ?ﬁr&% rab]i[lvr;licsbku ecs] %gtnag{rhfg)a{l fa?'er 520,
fixed mr rf@me@ﬂw shloritg plasmaheiching efythe plugguneleye ile, ssehtwr ioFigurs $Ph In
that the ggfl eSinPeRTE | ScHRA fol

MENMS devi gg:&oe?ﬁ alanT‘l Ce |n0 %‘%gilﬁégf“’h E&ﬁd@#)?@(%@%gn@er%%ggﬁ e
first posiPbQtewFesist m@lﬁ%ala‘?ﬁ@ ay thstbotiein 96 thecyales @f IFaelo s skoma i FesweoNd the
posi tion gl %1591‘115@131&1%6('5 %53@%@h€ b |aﬁd:f3(9{o§1 S1SEFB! arl Renfbved to com lete
di spl acement of the array of corner cube reflectors between the t ip
posi til®n &Wdhﬂ%”%@éond position nultiplied by a sumof four tinmnes a
nunber of corngyg wﬁ%@ea%@ﬁ&e@%%ée bndaNR uRaft@e BhohaBbd&hcdpHRBscribed in the
reflectors plus two. MEMS device of Claim4, wherein each
fixed m nBrEs§h aﬂﬂlféa“&? rc%fybt‘dmhﬁl%@éad it ove 4 widy rang pleapplicatiensy derasdingy,
coupl ed t ghel RER ¥epdidd®s iuBbidfiter RRGN QB NEMRED® LheseRE shdcam @{elfnblréﬁrt
correspondi ng corner cube reflector in the array of corner cube

ref | ect or &agiegsdiscysead; e is ipyad deffred by bg fllodinesHiahot her edge t her eof
towargs a second correspondi ng corner cube reflector in the array of
corner cube reflectors.
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7Prinfee: RENB-2Mi ce of Caim 6, fUCILMSPASIDIrI sing: a fPar/us2090/031 467
coupled to an end of the array of corner cube reflectors and

Fm QUi Anddeb oo 183adebisf €CEI Ve the inci dend osReRMBroPPy @akast one of the

coner cube reflectors in the array of fixed mr f t 5e_no
the refl ected beam back towards the | ast one ofﬁﬁzuggg)r‘}pﬁog’gbéég? 25-08-2011

refl ect BFRURROONE7Tarray of fixed mrrors to direct tRELAGIMIBIBEEEISeam
al ong the reverse path. 15 Duration: 25.08.2011 23:29:36 - 25.08.2011

23:33:06. Thjs pa 6 0 ANENDED EEToi | : 3110 Received at the
P00 an g okt BB st e Bt SR (MES I GO i S
26- 08- 2%%%WP 2CT/ US .2010/ 031 467 Fm VI ckl Andrews' To: EPO
(317034 P B2 g8 TIB T EMr- 06 Pg 07-12 PCT/ US 2010/ 031 467-

25- 08- 2011 PCTéﬁgrsgolo/ 031467REPLACEMENT SHEETS 8. The MEMS devi ce of
Caim7, furtfé¥Conprising: a first small corner cube mrror

coupl ed between the, arr of rner .cube reflectors and the f‘%at
minor: and 2 ‘"4 célté%é?]fﬁ&g% cﬁﬁ’@%rangrrsyg%earﬁ?oln IS AT 5(§de0& & the

a2y Ol el 1 AL B0 B RELE0La LHAL S, SRRABI b5 1 SIS E"C

of the arra orner cu reflectors nor 1's

coupl edi}}ﬁ%ﬁ Fir g%ép%r e(:ﬁia e rn%%%&ft ioi"ﬁleqir&%ﬂéi %g{?d ?c{%ese %ﬁitf'e %]; t iLPlSeedfgje &%ﬁainasnd

second S ner cube mnors are sna an respec
cube T e Bar s B LB R hE P BRI bl ReblF e Bk 6"
mrror Sfirst edge and operable to reflect the incident beam from the second edge;

a fixed mirror formed on the substrate and optically coupled to receive the incident beam
reflected from the comer cube reflector and operable to reflect the incident beam back towards
the corner cube reflector as a reflected beam along a reverse path of the incident beam; and

a MEMS actuator formed on the substrate and coupled to the comer cube reflector to

cause a displacement of the first and second edges of the corner cube reflector perpendicular to a

plane of the fixed mirror to extend an optical path length of the reflected beam.

2. The MEMS device of Claim 1, wherein the fixed mirror is a flat mirror oriented

orthoganal to a direction of the incident beam.
3 The MEMS device of Claim 1, wherein an optical path difference between a first position

of the comer cube reflector and a second position of the corner cube reflector is four times a

displacement of the comer cube reflector between the first position and the second position.
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Pritb§: HbB2dgyi ce of Caim8, woem@PAMD  an optical patHCT/US 2010/031 467
difference between a first position of the array of corner cube

Fm;wz;.%ﬁ&&&%ﬁ&&ﬂﬁ@&&nd posi tion of theALtaNcafoegohes cube ,
reflectors I1s increased by a factor equal to a rZQL%féigg:G?tl SS_OS 2011
the incident beamtravels through the array of M r e cf% s
and t heecarusayoofiaef i xed mrrors; t he nunber of ®EPIAMEMENDSHEEILS
based on the di nensions of the first and second small corner cube
mrrors and a spot size of _the incident beam . 10, The MS devi ce of
d ai m 4+ mé’h@#‘&%éﬁ\i\'@vﬁ am Eéa?"%e‘%‘ (?BF‘F%?“bTF@ﬁ%‘PbP‘ﬁ%Q‘Efﬁé'&%HQ(f er
or Mchelson interferoneter. and.the array of fixed m.rrors, i a first
array ofomef guhg milgetosy and the, fix t‘??ér‘“cgl‘}ﬁia%/’} %quf)%&e‘%a%%ogfw §9md$’e
fixed mrrors; a detector; 16 ratjon:. 25.08. 1 23:29:36 -

25. 08. 2y obeprags eyl reflpripoes Sbfiﬁ@%fmd%%mw @é@%@itﬁle 12%13@1*.’62@-
Recei ved at the EPO on Aug 25, 2011 23:33:06. Page 7 of 12
3/ 825-08-2011 Printed: 26-08-2011CLMSPANDPCT/ US 2010/ 031 467

Fm Vickl ' A gr To: EPO @317 3403016) 16: 29 0 511 -06.Pqg 08-12

PCT/ US 201068 M58 ShGRst 0 e B b Un AE PR PN CEVERIT RSP S
of the array of corner cube reflectors and a second position of the array comer cube reflectors is
equal to a displacement of the array of corner cube reflectors between the first position and the

second position multiplied by a sum of four times a number of corner cube reflectors in the array

of comer cube reflectors plus two.

6. The MEMS device of Claim 4, wherein each fixed mirror in the array of fixed mirrors is
a comer cube reflector coupled to receive the incident beam on one edge thereof from a first
corresponding corner cube reflector in the array of comer cube reflectors and to reflect the
reflected beam on another edge thereof towards a second corresponding corner cube reflector in

the array of corner cube reflectors.

7. The MEMS device of Claim 6, further comprising:

a flat mirror coupled to an end of the array of comer cube reflectors and optically coupled
to receive the incident beam from a last one of the corner cube reflectors in the array of fixed
mirrors and to reflect the reflected beam back towards the last one of the corner cube reflectors

in the array of fixed mirrors to direct the reflected beam along the reverse path.
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aphpd 28ldg@r1 opti cal Iy coupl eCit)gspash ve the inci dent bpemyaeeolo/031 467
split the incident beaminto a first incident beam and a second

eS| KGR READ s i ifosbief ST | nCI dent beamybedgng, hrgebespovar ds an
initiral corner cube reflector of the array o cg ?2¢S%§B§ b@flgé}oris 08-2011
to be reflected between a first side of the arr § 403y TesTyer
refl ect ecsusnotihg first array of fixed mrrors al ongeEraaCEMENT sHeEssar d
and reverse path and output as a first reflected beamfromthe
initial comer cube reflector of the array of corner cube reflectors;
an auxi Bi ar yThei YEYP deite af Slaig 7ciyithar sempsingecei ve the second i nci dent
beam and to reflect the second incident beamtowards an initial fixed
mirror in theliskawHsomey sbe grmerceuped beiyesp dhepasrap of foamar silteggllfsirsign
the second array of fixed mrrors and a second side of the array of
corner &GA8t ifréad ors al ong a second forward and reverse path and
output as a second reflected beamfromthe initial, fixed mrror of
t he second a"rsﬁﬁ‘mﬂﬁmf‘lil SQERET fftterripret coupled to %‘E’faéiohﬁl‘%é"“gﬁ%"ﬁa&ﬂﬁ HeTERfor
further optically coupled to receiyve the secgnd refl ected peam and
rof | oct this SBETRAS et TEcHfhe BERRY BRI QL4 FLeHEn A ¥ Ptﬂ%eeﬁfz* mirror is
wherein the beamsplitter is further optically coupled to receive the
first r&FPE@ted beam and conbine the first reflected beam and the

second refl ect ed beam.t o, produce. a .conbi ped heam t hat,, i s dir.ect.ed
ooords the St RS RS AeE TR RS and SETHA Bt {obns? S i
opti cal Path difference hetvween a first positi of :d:.he array .of

C smaHer ﬂilall T eCUVE AIIMENSions O €4 h com cube Tef@gttﬂ within C arra Of cormer
corner UBErerTectors and a second=p05| ron o e array of corner

cube refl.}b%?%f%ﬁt%rsiaﬁ% %‘JHﬁl{%dLngm?r \%ﬁmh%%{f%{nﬁxg&n @&@%éar ray of corner

cube reflectors between I rst posi second position
multiplied by twce a sumof four tinmes a nunber of corner cube
reflectors in the array of corner cube reflectors plus two. 17

Dur ati 0g: 25E@§0%Q§&m%%:%g'ﬁggﬁagﬂgﬁ.2011 23:33:06. This page 8 of
1AMENDED SHEETcM 23: 31:5 Eeceived at the EPO on Aug 25, 2011

23:33: 06. Pagefcbatl difftted donddBsed Alfkst poblkib\b&He array of comer cube reflectors
26- 08- 2011CL|\/B|8A CT/ US 2010/ 031 467 Fm VI ckl Andrew, To: EPO

( 3170340306 fhodili 28511 0B 02126 AtBMIF QfhePeut JefledtoRG idRagl 19/ a08dtor* G fial to a
25- 08- 2011 PCT/ US2010/ 031467REPLACEMENT SHEETS

number of circulations the incident beam travels through the array of corner cube reflectors and
the array of fixed mirrors;
the number of circulations is based on the dimensions of the first and second small corner

cube mirrors and a spot size of the incident beam.

10. The MEMS device of Claim 4, wherein the MEMS device is a Fourier Transform
spectrometer or Michelson interferometer and the array of fixed mirrors is a first array of fixed
mirrors, and further comprising:

a second array of fixed mirrors;

a detector;
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1PrinfEde28/0BE2aavi ce of C aim 4, \@GieMSPAMERCh corner cube r ePCTEUDRO1DY031 467
the array of corner cube reflectors has an angl e between 90 degrees

Fm A Ahd QW IR EHFB RS rRdnmeAch i xed minor i1Bad RRsAGIWAYs Qfoshs xed mrrors

has a correspondi ng angle. 13. The MEMS devic ik _na
the angle is approxi mately 110 degrees. 14. Tﬁ% Qgg?églo Ozgﬁnos 2011

12, wheP@&VYFIR@3147ray of fixed mirrors and the MEVS REPLAGEMENT SHEETS
fabricated using a deep reactive ion etching process and the array of

G R AT RN RN R A

comY LA i ¢ GRSl  B, MB5n 58E
e St A SR e B LR Bl SO0
cU | PR ey e Py S99 RO G 5500 Uy o 1

a plan emg'Ieorr]% Bngnosaﬁatf&%}a% eTni:l %&i%éris%— pagh p%a'\éﬁg’qg % iaffﬁrst?’ fle, {Jerp jﬂ'on\{@lg Exﬁtiiarl]

t he inci gamis para e substrate.

Dur at i o AN - .23:33:06. This page 901
1AI\/ENDE%“?E@E’%S?L%%%&%%&GO%aﬁgg(gwgglbg'?e € EPO on Aug 25, 2011
23:33:06. P % - Q8 Br < nd inci

6. 08- 2011 C%g E’%\h ?Jrg({pggd?&gg.lﬁ&i% 7re fvb me%gcond incident beam and to reflect

the second incident beam towards an initial fixed mirror in the second array of fixed mirrors fo
be reflected between the second amray of fixed mirrors and a second side of the array of corner
cube reflectors along a second forward and reverse path and output as a second reflected beam
from the initial fixed mirror of the second array of fixed mirrors;

wherein the auxiliary mirror further optically coupleq to receive the second reflected
beam and reflect the second reflected beam towards the beam splitter;

wherein the beam splitter is further optically coupled to receive the first reflected beam
and combine the first reflected beam and the second reflected beam to produce a combined beam

that is directed towards the detector.

11.  The MEMS device of Claim 10, wherein an optical path difference between a first
position of the array of comer cube reflectors and a second position of the array of corner cube
reflectors is equal to a displacement of the array of corner cube reflectors between the first
position and the second position multiplied by twice a sum of four times a number of corner cube

reflectors in the array of corner cube reflectors plus two.
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16.  The MEMS device of Claim 1, wherein:
the first edge and the second edge are perpendicular to one another; and

the third edge is perpendicular to the first edge and the second edge.

17.  The MEMS device of Claim 16, wherein the incident beam is not paraliel to a plane of

the substrate.

18. The MEMS device of Claim 1, wherein the incident beam is parallel to a plane of the

substrate.
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edge and operable to reflect the beam from the second edge;

a detector;

a beam splitter optically coupled to receive an incident beam and to split the incident
beam into a first incident beam and a second incident beam, the first incident beam being
directed towards an initial corner cube reflector of the amray of corner cube reflectors to be
reflected between a first side of the array of comer cube reflectors and the first array of fixed
mirrors along a first forward and reverse path and output as a first reflected beam from the initial
comer cube reflector of the array of corner cube reflectors;

an auxiliary mirror optically coupled to receive the second incident beam and fo reflect
the second incident beam towards an initial fixed mirror in the second array of fixed mirrors to
be reflected between the second fixed array mirrors and a second side of the array of comer cube
reflectors along a second forward and reverse path and output as a second reflected beam from

the initial fixed mirror of the second array of fixed mirrors;

19,
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21.  The Michelson interferometer of Claim 19, wherein an optical path difference between a
first position of the aray of corner cube reflectors and a second position of the array of comer
cube reflectors is equal to a displacement of the array of corner cube reflectors between the first
position and the second position multiplied by twice a sum of four times a number of corner cube

reflectors in the array of corner cube reflectors plus two.

22, The Michelson interferometer of Claim 19, further comprising:
a MEMS actuator coupled to the amray of corner cube reflectors fo cause a displacement

of the first and second edges of the array of comer cube reflectors,
23. A method for fabricating an optical Micro Electro-Mechanical System (MEMS) device

providing an optical path retardation multiplier, comprising;

providing a siticon on insulator (SOI) wafer including a top surface and 2 bottom surface;
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photolithographically defining within the top surface of the SOI wafer a corner cube
reflector optically coupled to receive an incident beam on a first edge of the corner cube reflector
and operable to reflect the incident beam from a second edge of the corner cube reflector, a fixed
mirror optically coupled to receive the incident beam reflected from the corner cube reflector and
operable to reflect the incident beam back towards the corner cube reflector as a reflected beatn
along a reverse path of the incident beam and 2 MEMS actuator coupled to the corner cube
reflector to cause a displacement of the first and second edges of the corner cube reflector with
respect to the SOI wafer perpendicular to a plane of the fixed mirror to extend an optical path
length of the reflected beam;

etching between the top surface of the SOI wafer and the bottom surface of the SOI wafer
using a deep reactive ion etching process to form the fixed mirror and the MEMS actuator; and

etching between the top surface of the SOI wafer and the bottom surface of the SOI wafer

using an anisotropic alkaline wet etching process to form the corner cube reflector.
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