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10 their applications in optical switches, optical crossconnects,
optical add/drop multiplexers and variable optical attenuator

systems.

BACKGROUND
Dense wavelength division multiplexing (DWDM) systems

15 and all-optical networks are in rapid development to provide
high-speed signal processing in their native optical form
without the need for expensive and time delaying conversions.
The require the use of optical switches and optical
crossconnect devices to redirect light signals and facilitate

20 switching. Optical add/drop multiplexers are also key
components in optical networks to add and drop certain light
channels. In addition, single and multi-channel variable
optical attenuators (VOAs) have wide applications in fiber-
optic communication systems, for example, in limiting and

25 regulating the power in fibers, egualizing power levels of
different wavelength channels in dense wavelength division
multiplexed (DWDM) systems, flattening the gain of optical
amplifiers, and balancing the signals in optical add/drop

multiplexers (OADMs).
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mrror systemincludes a substrate; a reflective assenbly attachedgt‘fo5"‘*“ti~"ﬁe2{u}5
substrate; an actuating nechanismattached to 5 the substrate; and a
drawbri dge assenbly mechanically coupled to the reflective assenbly where
upon activation of the actuating nmechanism the reflective assenbly noves
between a first position in which the reflective assenbly is in a non-
reflective state and a second position in which the reflective 10 assenbly
isin areflective state. One or nore of the follow ng features nay al so be
i ncl uded. The drawbridge assenbly incl udé¥™¥PR3| di ng plate; at |east one
drawi ng nenber hayi88rdy efenecaabbest €ndchd ingdhyish! agheshiidihe _
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i nclined conféfuactiven sbate hend raavitrdodge poastbom| in cduisdd thy rbflectiva i ng
nechanLBn1an é@ﬂﬁf}-&gs&hng rSEALS fg: %Qgtgiasing mechani sm As yet anot her
feature, the i As] g nmechani sm1nc Udes"8°°30 flexible structure for ‘
shapi ng t he refl ebtéver state chdhehéolhonimgficdiires sbat @led Hehe opti cal
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| east one ot clalast ener dsysimmaeakarg havinhstvatendsy a first end

fixedly attached to the substrate; and a biasing mechanism for

15 medhaﬁically coupling the holding plate to the reflective
assembly, wherein the actuating mechanism causes the biasing
meéhanism to bend the reflective assembly. The holding plate
mechanically supports the biasing mechanism and is connected
to a second end of the at least one drawing member.

20 In certain embodiments, the reflective assembly includes
a mounting plate and a vertical mirror mechanically coupled to
the mounting plate. Further, the non-reflective state of the
reflective assembly forms a non-inclined configuration of the
drawbridge assembly maintained by a resting state of the

25 biasing mechanism, and the reflective state of the reflective
assembly forms an inclined configuration of the drawbridge
assembly caused by the actuating mechanism and a non-resting
state of the biasing mechanism.

As yet another feature, the biasing mechanism includes a

30 flexible structure for shaping the reflective state and the
non-reflective state of the optical assembly.

According to another aspect of the invention, an optical

crossconnect system includes a light beam traveling along a



reflective assenbly attached to the substrate, and an actuating ne&héﬁwé
attached to the substrate. The optical crossconnect also includes a
drawbri dge assenbly mechanically 5 coupled to the reflective assenbly where
upon activation of the actuating nechanism the reflective assenbly noves
between a first position in which the reflective assenbly is in a non-
reflective state and a second position in which the reflective assenbly is
in areflect] State._ 10 The opt.ical crossconnect .further includes at
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fiber for reedileichdgvehestsemjiity beamchetete the dulghtraheananpasses t hrough
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menber having two_ends, a first end fixedly attached to the substrate; and

a bi asi ng nmESKaRPLh Forivet Hafileqtiye ebabting the holding plate to the
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mechani smto bend the reflective assenbly. 30 Enbodi nents nmay have one or

nore of the oMEPHEWERDST atRE Rt Gédngzthe 21 Mg X0@5:| atoperehl ofg Haput

Crossconnectsigyst AB, rO i3l Phkl 958ht beam, where the light beam
passes through the optical system and the path of the light
beam is determined by an reflective state and a non-reflective

15 state of the optical mirror systeni.

One or more of the following features may also be
included. The .optical crossconnect system further includes an
array of collimating lenses and an array of coupling lenses
for signal coupling and collimation of the light beam.

20 In certain embodiments, the optical crossconnect system
also includes a scalable configuration having a plurality of
rows and columns.

As yet another feature, the drawbridge assembly of the
optical mirror system includes a holding plate; at least one

25 drawing member having two ends, a first end fixedly attached
to the substrate; and a biasing mechanism for mechanically
coupling the holding plate to the reflective assembly where
the actuating mechanism causes the biasing mechanism to bend
the reflective assembly.

30 Embodiments may have cne or more of the following

advantages.
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havi ng a drawbridge assenbly provide superior benefits in smﬁtchingﬁ'%ﬁg 2005
conbi nati on of MEMS and optical technologies utilizes 5 existing
m niaturization technologies to fabricate the optical mrror systens. The
use of optical mrrors in optical crossconnect systens provides the
advant ages of conpactness, |ow driving voltage and current, |ow power
consunption, conpatibility with existing |IC processes, |low insertion |oss,

10 and a higher switch.ti Furthernore, their use elimnates, the
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In particular, the flexible configuration of the

reflective and non-reflective states of the system maintains

15 the vertical mirror in an uplifted pésition thereby minimizing
mechanical failure in the reflective and non-reflective
switching positions. Important benefits are also achieved by
eliminating the movement of the drawbridge assembly. Optical
switching is accomplished without movement of the fixed

20 components attached to the substrate. Consequently, the
optical mirror system reguires no additional actuators, thus
reducing the number of elements reguired.

Another benefit is the scalability of the optical
crossconnect systems. Forming optical crossconnect systems of

25 large arrays can be easily and efficiently achieved, providing
low power consumption and lower switch time.

The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the description
below. Other features, objects, and advantages of the

30 invention will be apparent from the description and drawings,

and from the claims.
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FIG I|(a) is a perspective view of an optical mrror systemin a 02 KOV 2005
non-reflective state. 5 FIG I(b) is a side view of the optical mrror
systemof FIG I(a). FIG 2(a) is a perspective view of an optical mrror
systemin a reflective state. FIG 2(b) is a side view of the optical
mrror systemof 10 FIG 2(a). FIG 3 is a perspective view of an opti cal
mrror system in a non-reflective state with an alternate biasing

mechanism FIG 4 is a perspect 'b'\éies&iew of the optical mrror system of
FIG 3in areflective state. 15 TIONLH DESMWING i ¢ view of an

optical crossconnect system Fig. G (a) is a perspective view of a single
VOA. Fig. 6 (b) is a diagrammatic view of a position relationship of the
mirror and the oltfut 1{Pbets DEPFSHECELTS BieH Rfr AmePrécH g Biot

mul ti - channely¥ah iREIALGED-DESCRISREl RL{e. better understand the invention,
it is helpful to clarif?/ the nmeaning of certain terns. The term "opti cal

26 mirrér systenflfef éfB! gbhet Aidp Faerhel cohpl Wt cggt mEEror ssttam okhi | e
the term Noverd,i @akymrror” refers to the reflective mrror nmounted on the
surface of the optical mrror system Therefore, the optical mrror system
includes a vert #F¢&F il ots BEemseestivet vied comporehtisabfmitromopti cal

mrror systeps+anpdihhg oREi Cal; & Q3seannect systemwi || be described first,
with the acconpanying FIGS. 1-7. 5 0 2 NOV 2005 Referring to FIG 1, an

optical mrror sydten?1®b is rclaides viewub$t vt eoptG@alandrawbr$gemsdenbl y
116, ang a p1g. 2¢a). -

FIG. 3 is a perspectivé view of an optical mirror system
in a non-reflective state with an alternate biasing mechanism.

FIG. 4 is a perspective view of the optical mirror system
of FIG. 3 in a reflective state.

15 FIG. 5 is a diagrammatic view of an optical crossconnect

system.

Fig. 6 {(a) 1s a perspective view of a single VOA.

Fig. 6 (b) is a diagrammatic view of a position
relationship of the mirror and the output fiber.

20 Fig. 7 is a diagrammatic view of a multi-channel VOA.

DETAILED DESCRIPTION

To better understand the invention, it is helpful to

clarify the meaning of certain terms. The term “optical

25 mirror system” refers generally to the complete optical
‘'system, while the term “vertical mirror” refers to the
reflective mirror mounted on the surface of the optical mirror
system. Therefore, the optical mirror system includes a
vertical mirror.

30 The structural components of the optical mirror system
and the optical crossconnect system will be described first,

with the accompanying FIGS. 1-7.



reflective assenbly 117. The drawbri dge assenbly 116 includes a hoﬂéﬁﬁﬁg 2005
pl ate 140, a biasing nmechanism 130, and a drawi ng 5 nenber 150. The
reflective assenbly 117, which is nmounted on the upper surface of the
substrate 100, includes a vertical mrror 110 and a nounting plate 120.

The optical mrror system 115 further includes a | ocking mechanismin the
formof anti-disintegration interlockers 160 for nechanically 10

connecting the dr ri dge ass l'y. 116 to the upper surface aof _ substrate
100. An eIectrodeg%g%FgéhQMﬁﬁg%gg'tHe 3Lt WY %é&ﬁ&ﬁi%ﬁ? ?m:%ﬁ§ opti cal
mrror systemdimidalssa stowtratd nome seabadbiedde dRndiigsung, needani sm 130

whi ch defines the Qonfiguration of the drawbridge assenbly 116, 15 includes
a flexible st &% ASPHRPYOrh of  BéRdPREY PSFETERYs bt ntRc oS | n

FIG 1(a), a ppispest pyetyi ey ofa thesapli fathdhidwr130sY shams ldsadhe first
position in a non-reflective state is shown for a system 115 having a
bendi ng5bi adtSRPSFedhani skha It mFtiye pespeblecti e ¥ nbFynayyteq (e

vertical m g LAyl surPBREDaY aald Lueauphed 16b ! heJpuRLi ROvRLaE8 1120 by a
m crohinge 113 and is fixedly maintained in a vertical position by a head

hol der 111. ™H&ReddOharde?r MOMNting pdeseal?fr stThy optdral niuyey and a
second f1xed @dnl 116D bur fhe: lidciluddsce 280k Zny bckihias i GAOOME ¥ on

for securely holding the vertical mrror 110 Tn an upright vertic
position, arfitd-sdesntegraiern dmderlochprislacianineahiopicabpyed to the
nount i pl . RY ! = hipge e rdical. m r ur ther
ol udel & refleetive bar TP e s aRho e itk RePSPe ot o

i ncrease |i givbsteptect8fce. An religwd rogisod i’ Reperoindla@ theapctudeimpunt i ng

R e

In one embodiment, the biasing mechanism 130 which
defines the configuration of the drawbridge assembly 116,

15 includes a flexiblé structure in the form of bending beams 130
or springs 230.

In FIG. 1l{a), a perspective view of the optical mirror
system 115 in a first position in a non-reflective state is
shown for a system 115 having a bending biasing mechanism 130.

20 In the reflective assembly 117, the vertical mirror 110 is
mechanically coupled to the mounting plate 120 by a microhinge
113 and is fixedly maintained in a vertical position by a head
holder 111. The head holder 110 includes a first free end
111{a) and a second fixed end 111(b). The first free end

25 111 (a) has a groove region for securely holding the wvertical
mirror 110 in an upright vertical position, and a second fixed
end 111(b) is mechanically coupled to the mounting plate 120
by a micro-hinge 114. The vertical mirror 110 further

includes a reflective part 112 which is deposited with metals

30 to increase light reflectance.

In the embodiment of FIG. l{a), the mounting plate 120
is mechanically connected to the bending biasing mechanism 130

of the drawbridge assembly 116. The biasing mechanism 130 is



formed by bending beams which connect the nounting plate 120 to thel 2 N{Y 2005
hol ding plate 140. The holding plate 140 is nechanically coupled to the

upper surface of the substrate 100 by at |east one m crohinge 142.

Simlarly, the drawing nenber 5 150 is al so nechanically coupled to the

upper surface of substrate 100 by at |east one m crohinge 152.

Specifically, in this enbodi nent, an elongated drawing beamforns the

drawi ng nenber %%? havgg%_a | at chi ng mechani sm for nechani cal | cougling

Wi th the' UppEPFREH PSR e DI onS (HSLT R OO0t ARG RN HOIS RY2bPale) 140,

One end of the til awng ngephete 1500 hasna F‘cﬁﬁ@ﬁ?d head il juhi ch
mechanically couples with a T-shaped aperture 4% of the holding plate

140, ther ebYCFRA MG Y FOHPLARI Foi Hp cowergaratren of thre sopsteate W99 ror

system 115 ipy aaOnedRf Lagt hyersh e AS SeelnknFi ink Ny
non-reflecti?% configurgtion ig for%%d by the h%ld?%g p %%%L%E hl%eln%rheld

at a noi-refiettivelagrechpaigal e caomlisd Gppehesupper eswifackeo§ubstrat e

100. In thisgfhgs iglol i -J.ef [RVL: a the wvertical mrror
110 and the %Dunf%ﬁgpgpgt291%g g?%ggogﬁikg%%éxgﬁgés% iciently above the

upper surface of Bhecsfbsalhiec HOGhds ehbodimepaciany diengetad tdmawinunt i ng
plate 120 a - b IS f.Qr . | S acin an. i nput
rﬁkéﬁu%orms thid ﬁ&éﬁ& ggégﬁﬂé% T%OWBQV1L$ %r%ﬁﬁc %ggnpggggn}ﬂnthe

| i ght beam 180 can pass throug o forman outpu
optical mrriex gyesthemital lyt heupl bud rodé 176 upbef osuwi fuyet e aneuati ng

mechani gm of t i { p surface o upstrate 100
and pos?%ionggg%é OM/?%B gﬁ%ﬁﬁ?%ﬁgigﬂﬁg%gﬁigg ?&PS %%‘?ﬁ%oﬁngﬁ?ing pl ate
120 and t he deavingaimemberoi5d 1feare Thebhaetdchbhy hDVachisimuetansdeslly i n

eshonse 10 AR Yating SLIGsS. o'l 8loshi oG8 30 AR bkBs 1y
mechani sm i nthéwelfyo forofingna amen~idilsinihegcah £ bguiat vl ek ehel60t {4l
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16 1(b), this non-reflective configuration is formed by the
holding plate 140 being held at a non-reflective angle
relative to the upper surface of the substrate 100.
In this first position in a non-reflective state, thé
vertical mirror 110 and the mounting plate 120 are positioned
20 sufficiently above the upper surface of the substrate 100 so
that a spacing between the mounting plate 120 and the -«
substrate 100 is formed. In this spacing, an input light beam
180 can pass through to form an output light beam 181.
In the optical mirror system 115, the electrode 170
25 forming the actuating mechanism of the system is mounted on
the upper surface of substrate 100 and positioned below the
mounting plate 129;_ This way, the mounting plate 120 and the
vertical mirror 110 are mechanically moved simultaneously in
response to the actuating effect of the electrode 170.
30 In this embodiment, the optical mirror system 115
further includes a locking mechanism in the form of an anti-

disintegration interlocker 160 for mechanically connecting the

drawbridge assembly 116 to the upper surface of substrate 100.

7



7 0 2 WV 2005 The anti-disintegration interlocker 160 are enpl ondzt?‘%}fg 2009
prevent the drawbridge assenbly 116 fromdisintegrati ng when the optical
mrror system 115 is in dynam c operation. The interlocker 160 includes a

| at chi ng beam 161 which protrudes 5 fromthe holding plate 140 and a

pressi ng beam 162 which is securely hinged to the substrate 100. Referring
to FIGS. 2(a) and 2(b), FIG 2(a) is a perspective view of the optical

mrror syst 115.i.n a second . .posiition_in a reflective stat FIG 2(b)
Shows t he optis Al HHG AP P oTteim TT8 bRCS  ThY FEEWSFBIoBE ('t

appr eci at i onprefveritt s:héeafammtﬁgesraatsambwelwfﬁw iy einssgadd yhgl Whennanel y
the nounti nﬁtfpl ate is shown in_a_downward inclined position relative

to its rest éztpﬁtl&a mﬁ‘%ﬁr%ewéaem d&P tF rivdrdvPpgicaPegre it i Fhgn

inclined confitgnatiker. 160 ihe eldiet hatdhidd ddhen deawhni dggassepily 116
is shown as having a simlar conflguratlon as in the first positionin a

non-r ef Pect i {&&™ Boliinpatiteullal, apfed deeRsiing Beals bhb| Wpirhe iiss

mai nt ai ned %g&%lgohghﬁgdm@t@lgg%@@gawel@g awi ng nmenber 150, whereas
the bendi ng biasing mechani sm 130 causes the 20 reflective assembly 117 to

i ncline downwar d. REFeEringRewETaRot Rér) esbdi (kent FEF- thealoptsi @al mirror
systemin t&eerfgge%tu@esvié‘@rbf s g@lasillﬁf}fa&e sYsRbR Ne¥iNg o g’éh&ernate

spring biasing mechani sm 230. An optical mrror $System 216 Inclu
vertical mi rRsatien ﬁécﬁam@@lth@oﬁﬁaéé 25F%® 2 (roushpng ‘F)lll%lt@tz@@lby at

| east oge mgnokjNgesRda. uTzheon \ée hu%ablgeﬂf&f etQelS a gglﬁ% gl it

vertical position by a holder . The vertical mrro 'S rrechanl cally
coupl ed to tHe TeSdREFRYE p‘-l‘feﬁt@ ZZG‘h@yrafhﬁ@?ﬂdfﬂ RgScRPIvahll’ i snaniedadithe30

mai nt ai ned i, A+ua6t b§ate POS] *H)Y; A hrad halderqa?liiciihes fikad shg! der
211 includes a fi rgt t)freeé end éLll(a wang a seccr)lg% © 39
relative to its resting state, with the vertical mirror 110

also shown in an inclined configuration. On the other hand,
15 the drawbridge assembly 116 is shown as having 3 similar
configuration as in the first position in a non-reflective
state. 1In particular, the drawbridge assembly 116 is
maintained by the holding plate 140 and the drawing member
150, whereas the bending biasing mechanism 130 causes the
20 reflective assembly 117 to incline downward.

FIG. 3 shows anothef embodiment of the optical mirror
system in the first position in a non-reflective state having
an alternate spring biasing mechanism 230. An optical mirror
system 216 includes a vertical mirror 210 mechanically coupled

25 to a mounting plate 220 by at least one microchinge 213. The
vertical mirror 210 is maintained in a vertical position by a
holder 211.

The vertical mixror 210 is mechanicaily coupled to the

mounting plate 220 by a microhinge 213 and is fixedly

30 maintained in a vertical position by a head holder 211. The
head holder 211 includes a first free end 211(a) and a second
fixed end 211(b). The fixrst free end 211{(a) has a groove

region for securely holding the vertical mirror 210 in an




fixed end 211(b). The first free end 211(a) has a groove regioanJ-%%% 25
securely holding the vertical mrror 210 in an 8 0 2 aO ~' 2005 upri ght
vertical position, and the second fixed end 211(b) is nmechanically coupled
to the mounting plate 220 by a mcro- hinge 214. The vertical mrror 210
further includes a reflective part 212 to maximze |ight reflectance. 5 .
The nmounting plate 220 is nounted on the substrate 200 by extended pl ates
221, flexible heans_260 d anchors 261.. The nounting plate 220 is
further connecté tt8efB£C%£IQﬁﬁé}lﬂ&’aFBéZEfﬁtﬁFQf ﬁﬁﬁgdb?%éi%élgﬁcﬁﬁnisn1
230. The holmtiamgniphale 24@plied MeChari aalhyicoyilLa¢ oot Be subsidate 200 by
250 is_also mechanically coupled

a 10 m crohinge 242. The draw ng menher

to the subsﬁF%@@ égé'byféﬁrﬁﬁﬁQﬂHQ&g@lfﬁﬁF THe FYRtERShitRGEU9% 3 s coupl ed to
t he T-shapedeapecttiye gddr ima ke Reliding plate 24Q-cthhseWay, the vertical
mrror 210 is lifted by the structure of the drawbridge assenbly 216 which
15 incl 8des the sh¢ PUBtLSIGLlatenas? shi FsontedeoRotlr ngplsitapse 280, the

ext ended pl afye e22enathepidexd B beaw 260e B8 ANBHIOr andbinciaiids thg draw ng

menber 250. An el ectrode 270 serves as the electrostatic actuating
nechani sm i nFeheuBRboE| Pedite 430 tise Thohbeeftambaredstat hefhallingpt i cal

M rror syst @Mat202335ey Whesphey YR 68! nBisd Ne? 380l bhitthaap | nput
| i ght beam%gﬂgo passe$yt h?%%glﬁ he aséagi Irrllg }§or nsed gt V\eglﬁ&tlﬁ(glqlﬁbt ed
vertical m MGte2280ah8 meehalinglgivaceupked ndhehsubbetsatod0 2E02a to form

the outgul liighnbrgen 281, T ThURLLRONEIELL 25870d DELLNAS. %}gﬁg&g@” dge

assenbly 216 downwaid, and any 25 disintegration o awbr senbl y
216 is unlik&vpleg tocthe subahuade €08pby at inicrdohinige RERAgt HBheand wi dt hs of

the ext end%ﬁ.d%'oﬁ‘iﬁg@%%f% tcm‘:ﬁﬂlle@(itgl @h%e%—rgﬁla%%% %%r%?@%lly irSghgct ed.
Referring to FIG 47 the vertical mrror 210 in"FI'G
holding plate 240. This way, the vertical mirror 210 is
lifted by the structure of the drawbridge assembly 216 which
15 incIudes the spring biasing mechanism 230, the holding plate
240, the extended plate 221, the flexible beam 260, the anchor
261, and the drawing member 250. An electrode 270 serves as
the electrostatic actuating mechanism in this embodiment.
In the non-reflective state of the optical mirror system
20 215, when the vertical mirror 210 is lifted, an input light
beam 280 passes through the spacing formed between the lifted
vertical mirror 210 and mounting plate 220, and the electrode
270, to form the output light beam 281. The mounting plate
220 inclines the drawbridge assembly 216 downward, and any
25 disintegration of the drawbridge assembly 216 is unlikely to
occur in dynamic operation if the lengths and widths of the
extended plate 221 and the flexible beams 260 are properly
selected. . ‘
Referring to FIG. 4, the vertical mirror 210 in FIG. 4
30 is shown in the second position in a reflective state, with
corresponding changes in the configuration of the drawbridge
assembly 216 and reflective assembly 217. In this reflective
state, the input light beam 280 transmitted to the optical

9



30 is shown in the second position in a reflective state, with {7 yoy 2008
correspondi ng changes in the configuration of the drawbridge assenbly 216
and reflective assenbly 217. In this reflective state, the input |ight
beam 280 transmitted to the optical 9 0 2 ROV 2005 mirror system 215 is
reflected by the reflective part 212 of the vertical mrror 210 and
redirected to a different direction in the formof the output |ight beam

282. FIG 5 illustrates a Egn:bl ocki n g“jo I\&_1 free-space 5 optical
cr ossconnect™sy e MY 315™ 8] gl%nr%é%%e ¥ptiearetifatige B3t enk? P
di sposed in o wergiaad ROWBor | 11 T eidairadiesbosi nents qi¢aehe®f the opti cal

mrror systeps has a .drahvxlorid e assenbly 116 gnot shown) and a reflective
assenbly 119 HGOO8hdtny e THerp Ry &hie AEPBE sidhtehsas1884re used for 10

redirecting the imput s0plicat-rdeaims 3b2-H1BeKORG I Falo 1N @SEEONNRES system
315 includes a matrix 300 formed by a lurality of optical niTror systens
310, a Pl ur A5HHFadf Croperearest purstem B1lhorsingan iafgavher| ppktcdeans, a

plurality aofi.oRtd %ggttjngeﬁo 3 e PYLPEL LAY 416 iRt bﬁ%@r&[}% a 15
mcro-ldns array 312 and 32~ fbr collimating and coupling the I ght beans.
The col | i nat¥PIGGRECEeafRCP RS ddre 9pbdghR Lt Rerpon-sysdfemechivea opt i cal

mrror syst %Md@@dagéénﬁf}difﬁt(%%,tb)ého%ﬂg 5681 £GIIMR BT AL eaé’sioéﬂtﬁ%}
mrror systens 301 fo the out)put 20 fibers 321, where the mcro-1lens-array
322 are enplbyedros skeupl e thee |dRfHcadi ghareri systanse 3W0oatpuisdd s 321.
aht boams. ot oy and] & R ol boam From Tre LRSUPOFLREEs 311 can be.
directly coupicsgcopnent $ysesm oily Hac2Bdesbersaidgix i30Calfbraed lmptd cal
S Larty, he Fraerso bt ahat tiateR, SRt "ol SRR BT the 11 gne
beans to theoptical fibers 311 for inputting the light beams, a plurality
of optical fibers 321 for outputting the light beams, and a
5 micro-léns array 312 and 322 for collimating and coupling the
light beams.
The collimated light beams passes through the non-
reflective optical mirror systems 302 and are redirected by
the reflective state optical mirror systems 301 to the output
20 fibers 321, where the micro-lens array 322 are employed to
couple the light signals into the N output fibers 321. The
fibers 331 along with the collimating lenses 332 are used to
drop the light beams. For example, one light beam from the
input fibers 311 can be directly coupled to one fiber of the
25 fibers 331 if all the optical mirror systems in its light path
are in the non-reflective state. Similarly, the fibers 341 and
the lenses 342 are employed to add the light beams to the
output fibers 321. This optical crossconnect system 315
provides the functions of both the cross-connection and
30 add/drop multiplexing.
This configuration of the optical crossconnect system 315

can be easily scaled by using additional rows and columns of

optical mirror systems 310 due to their small size. The

10



output fibers 321. This optical crossconnect system 315 provides We?‘%ﬁ*f A%
functions of both the cross-connection and 30 add/drop multiplexing. This
configuration of the optical crossconnect system 315 can be easily scal ed
by using additional rows and colums of optical mrror systens 310 due to
their small size. The 10 0 2 gv 2005 systens 310 can be of the type shown
in FIGS 1-4. Atypical size of an optical mrror system310 is 0.8 nmm X
0.8 mn, havi a i.tch time of 0.2 secopds. Now the operational features
of the. opti CHSHPr GLOSGEE HE of TS SHHCo 8O 11 |GG Arhd | b PIGSAL 4

w |l be descgiedr Theoppetal imin-@fr shetept Bralidng. eommsystemdd5 and the
functional interconnections anong the various elements of the system.115

i s expl ai ned @YY RofYihgh pf e 4@ -gndeCRBI8r awi ng menbers 150 operate 10

integrally to drives the gpawbrisiga aesenbby di6cndhpthebdi Agrr&t %aﬁst%ﬂp
havi ng the T-shaped aperture 141 is connected to the substrate 100 by the

nmi cr omaéhi netthidtge 212228 ot b URfLptesk abi BREF- akis idl PRedoes¥iked-

di - spl acement anenhguppatht fbn dN&HOLGLRGLR! Al £rdAQyMBGN1E Heads Shaped head
151 of the 15 draw n& bead 150 are latched into -thé T-shaped aperture
a

141-, the hBItHerplateteaeernartdgpsornoptietbeithirieusi adehgnt seethdiiesm 130

at various anglies, 1th@r gkngxg Hyawbridge assenbly 116. The angle of the
various incli'nations of the biasing 20 nechani sm 130 and the hol ding plate

140 is det er m nedhisyhphding gpkitte 140t heddihai dpvabaenbs0s 1@ etenadisce

fromt T-ﬁ,nfae%%@ ertupe; 14 i%@émkﬁ- f t i

pl at e ?@0, and t elg p%%a??%‘?]e %ﬁfﬁ;‘}g%?g?%ng axi ? %#%t'heﬁﬁ%r(}?%l?dnlg%pl ate
140 and t he rlahd AdOnbaberg 1802 Mmshepedr areheuns Widtls obnnpeted aw rige
menber 150 %&tr}%tléohgbnﬂypéﬁé ?nijc%m%ﬁined hinge 142 forming a

rotational axis for the vertical displacement and support of
the holding plate 140. When the T-shaped head 151 of the

15 drawing bean 150 are latched into the T-shaped aperture 141,
the holding plate 140 can supportlthe bending biasing
mechanism 130 at various angles, foerming a drawbridge assembly
116.

The angle of the various inclinations of the biasing

20 mechanism 130 and the holding plate 140 is determined by the
length of the drawing member 150, the distance from the T-
shaped aperture 141 to the rotational axis of the holding
plate 140, and the separation of the rotatiomal axis of the
holding plate 140 and the drawing member 150. Moreover, the

25 width of the drawing member 150 and the holding plate 140 may
also affect the inclinaticn angle of the bending biasing
mechanism 130 and the holding plate 140.

" In this example, the use of the bending biasing mechanism

130 significantly influences the configuration of the

30 resulting drawbridge assembly 116 and the optical mirror
system 115. In this embodiment, a plurality of bending beams
are used to mechanically couple the mounting plate 120 to the

heolding plate 140. The bending beam has the same thickness as
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3
al so affect the inclination angle of the bending biasing nechani Qr% E@O; %g]ﬁ?
tl~e holding plate 140. In this exanple, the use of the bending biasing
mechani sm 130 significantly influences the configuration of the 30
resulting drawbridge assenbly 116 and the optical mrror system 115. In
this enbodinment, a plurality of bending beans are used to nechanically
couple the nounting plate 120 to the holding plate 140. The bendi ng beam
has the same thickness as_ I | 0 2 W 2005 the nounting plate 120 but the
W dth of the- oM BEARLFES T feftehber RARCE HE vitth ReBriPREPFBUNS ng
plate 120. Derdcrentthi-fafOnhé G AN QY tRBSho@ft idie peker mabi onpis to
concentrated on the bending beans while the nounting plate is displaced 5
vertical ly. Fhe iotHI8mat i engtte St afhéhBefef Hgntidars 18 sencertertichent he

degree of tepnsd oty BELAXTHI11d XrRS mightiRs piN1& qRt gabisuegch tine,
driving vol tage, and gl’l ving current. The deformation caused by the
vertical® m ryerticed land The vidhihtansg lgpath abochg damegnogbpies amkba he

bendi ng beang.an,;LQ $URPQLY & U fHis8Bh QH@UI%%ﬁxigﬁfﬂﬁ:WB%%eff%ed by

the actuating nechanismin addition to the weight of the'reflective
assenbly 117theowtilkeloguiteh obingf, Idrgiingwrokiagry, anef eriviggt ouraes..

L(a), U0) AR anddbln LOCAPT 8l GLLIOL L0 TONIGY QR 48, e

nounting plate 120 i's supporte the dra e assenb and
posi tioned oweuntting pppée 29 fawe rofgltigebiabzrd dthe brOding befhectan nconi ng

l'ight b . [ s t . Of 0 and th
mounti ny pl AP0 3 Pou bt LAY Fro dBEeRRE M SRR B CRIED TR )7

enabl i ng t hee@Datdmyi pgkchaniswmrin Hididibe tespracedght diff £heent positions
over the S“bféfl?qgcilrgoasg%ﬁ@lgrhﬁ.emrOStati c force such as a driving
e e

force is app etween |'éctrode 170 and the nounting plate 120 by
an el ectrostatic Bor éhectpenaighst icf light switching, referring to FIGS.

1{a), 1{b), 2{a) and 2{(b), the vertical mirror 110 mounted on

15 the mounting plate 120 is supported by the drawbridge assembly
116 and positioned over the upper surface cof the substrate 110
to reflect incoming light beams. A spacing between the upper
surface of substrate 100 and the mounting plate 120 allows the
reflective assembly 117 to move vertically, enabling the

20 vertical mirror 110 to be displaced in different positions
over the substrate 100. When an electrostatic force such as a
driving force is applied between the electrode 170 and the
mounting plate 120 by an electrostatic or electromagnetic
actuating mechanism, the entire reflective assembly 117

25 inclines downward, displacing the wvertical mirror 110
vertically and causing the optical mirror system 115 to enter
a reflective state (fIC. 2).

Conseguently, the vertipal mirror 110 enters the path of

the input light beam 180 and the reflective assembly 117

30 redirects the input light beam 180 to the output light beam
182, thereby achieﬁing optical switching. Optical attenuation
is a2lso accomplished as the reflective function of the

vertical mirror controls the light energy which is reflected

12



actuating nechanism the entire reflective assenbly 117 25 inclin@g WG¥ 2005
downwar d, displacing the vertical mrror 110 vertically and causing the
optical mrror system 115 to enter a reflective state (FIG 2).
Consequently, the vertical mrror 110 enters the path of the input |ight
beam 180 and the reflective assenbly 117 30 redirects the input |ight beam
180 to the output |ight beam 182, thereby achieving optical swtching.
Optical attenuation is also acconplished as the reflective function of the
vertical ni PRErtERRSRBIET He@ lBngRutRREr HlahthibeR™-s Fefpektedordise 2 NOv

2005 and trapsphihedio A QutpUL sl EQDt DBam.1l RieLBEr 1 YOI fdSer Changi ng the
position of the vertical mrror 110 after partially redirecting the |ight
beam differentiplfht retiarefitd®y shel Lpht regfamec diidhesanat t Fgisniessreaear e
obt ai ned, | egdiE o) Ji.cal._at | O .S e e nhhe .
voltage is ?gn%\glgla£ Jf%él%ﬁoglctaﬁ%etcggggﬁnﬁi yonltlé?%r g?ﬁ?#éé(?'o itslrrl s?’ iong
state by thepkécaleriytefmicion.n the bendi ng beans 130. In this

non-refl ective s on-inclinpe i ratij f I .ve
otentl y 117" 0" bahEequddL AOUHERACLAO o LA 4 3ERSD0T LIF S TEERL VLS
mrror systesehbbyubhChargednsntdi Lest reskirgs sthitesbyatiee rerd®e@y 1. In

short, optigal.cswifcning.and ophical #4§enuation ape. Loplemnied by adding
and renovi ng-a ar Vi ng vort ag 6 the ~act udt i ng mechant ShT Apunt e& on’'t he
surface of tthe subsinalimdd ADFighkesiom dfirthe iredliceesitdeasswiblyedldnd

non-inclined_ configurations of the reflective.asse 117 and 217

T ust Pt o SPRERP ISHRAS Ui ol baSnb oke e iaRel ke o o Sl Ere o
drive the westenallbi utichiankHl duchHiascei@ct raastidlnetastedtimEIc01.

el ect romagm}ti c,acpuation, and, r. mal a&t uaﬂti on. alcgenggéti cular, the

3 .
ol ot r oSt at A0 SRAZE CRR Ay RO BHeR S Sbtics fheua

implemented by adding and removing a driving voltage to the
actuating mechaﬁism.mounted on the surface of the substrate

15 100. This in tufﬁ, induces the inclined and non-inclined
configurations of the reflective assembly 117 and 217
i1llustrated in FIGS. 1-4.

Various actuation mechanisms can be employed to drive the
vertical mirror 110 such as electrostatic actuation,

20 electromagnetic actuation, and thermal actuaticon. In
particular, the e;ectrostatic and electromagnetic modes
provide the high dynamic response and the low power
consumption desirable in generating large array crossconnect
systems. Moreover, electrostatic and electromagnetic

25 mechanisms include the advantages of low heating, easy
fabrication, compatibility with existing IC process, high
tolerability to environmental factors, and particularly, high
dynamic response in operation.‘ Although only the
electrostatic actuating mechanisms are illustrated in the

30 embodiments, electromagnetic actuating mechanisms can equally
be implemented within the optical systems shown.

The anti-disintegration interlocker 160 is employed to

prevent the disintegration of the drawbridge assembly 116 in



provi de the high dynam c response and the | ow power consunption (ﬂazi%‘%%\idl?gﬁ&
in generating large array crossconnect systens. Mreover, electrostatic

and el ectromagnetic 25 nechani snms i nclude the advantages of | ow heating,
easy fabrication, conmpatibility with existing |IC process, high

tolerability to environnmental factors, and particularly, high dynamc
response in operation. Athough only the electrostatic actuating

mechani sns are illustrated in the 30 enbodi ments, electraq %netl C actuating

mechani sms AW TalPP§T2beCT npl Bhdttdd SHLBRT ntEReA P i dSE GBS hown.

The anti -di Siﬁﬁéﬁb%ﬁcb@”lﬁﬁtﬁfé&&k@ tHe0 Th-$nepPd oy&sh 1161 @Eew@tdﬁmm
di sintegration of the drawbri :g?e assenbly 116 in 13 0 2 ; ~a 2005

dynani ¢ oper®#HRsF. PR HaPRi eed PS%%%FEHP@H%@%%@J i hreharfker 160

prevents the,Js.sharedshegd {Bd }%1&1@% ¢nawengaomenmber 150 from col | apsi ng
and separating fromthe T-shaped apéerture 141 of the hol di ng plate 140. 5

The operBati on of Thise opprrREaPn ¥ ridie Spdieml2nbryay iyyshen gilbepmil@ &l asi ng
mechani sm 2391’&&%%%(:5&9@% g ! RediSi spf3RQdY @EHéscr?ﬁf]éc{‘gs 1hoem L he biasing

mechani sm 230 couplin e nmounting plate 220 to e holding plate 240 so
that the reéﬂwummtasgenﬁngs Armrepher sfipreéng theclyprisgale30i gherbigshs. 10

Because spripngs O?B%;hgﬁéx@éaéé‘o &St %.o'lﬂﬂ)%n% Qo %Eeth uiifd ng

pl ate 220, one en nounting plate I's an to t strate 200
by fl exi bI e m@rm:tgweamsaemlebwt%l"t h@y gelifdercat ’eh@mpibgpam diohbclhéanet

M nges. tenaldiee (B2 AREI ALY HoOlndidE0R! LOBL ML LBISNSREM: g8 Ao, a5

|IIustrated|n operation o opti cal
mrror systemuitirghphaten2F) Gnd erahdf2 thbnmomtxlesf Ip8ettiev &s seatlecwfd t he

optical mrrof Systemlate 266 BFTARLENE BIZRIPLY AhbdniqdtsPiaged

vertically and
substrate 200 by micromachined hinges.

Generally, the operation of the coptical mirror system

~ 15 215, as illustrated in FIGS. 3 and 4, is similar to the
operation of the optical mirror system.llS.shown in FIGS. 1
and 2.

In the reflective state of the optical mirror system 215,

the reflective assembly 217 is displaced vertically and

20 inclined downward by a driving voltage between the mounting
plate 220 and the electrode 270. In the drawbridge assembly
216, the spring biasing mechanism 230 is extended with the
vertical displacement of the mounting plate 220. Consequently,
as the input light beam 280 is reflected by the wvertical

25 mirror 210, the input light beam 280 is redirected to the
output light beam 282.

Thereafter, the electrostatic actuating mechanism or
veltage is removed and the elastiq force En the spring biasing
mechanism 230 lifts the mounting plate 220 upward to its

30 resting state, thereby moving the vertical mirror 210
vertically upward. This way, in the non-reflective state of

the optical mirror system 215, the reflective part 212 of the
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20 inclined dowward by a driving voltage between the nounting ppa?t «ém%ga%
and the electrode 270. In the drawbridge assenbly 216, the spring biasing
mechani sm 230 is extended with the vertical displacenent of the nounting
pl ate 220. Consequently, as the input |ight beam 280 is reflected by the
vertical 25 mrror 210, the input light beam 280 is redirected to the
output |ight beam 282. Thereafter, the electrostatic actuating mechani sm or
vol tage is remved and the stlc force in the spring b|a5|ng mechani sm
230 lifts thETOGL RgTpPat gi‘gz‘(f Fmar gt 6T PR st Rt PhgtRE at®uh her eby
noving the verdHtCaleam bror 210 vertically upmard This way, in the
non-reflective state of the optical mrror stem 215, the reflective part
212 of the 14 0 ZINeR 265539%9Q|W9ﬁhaﬁPﬁWan2§ i SO%9gvE8 from the path of

the input |&ght beag2é9e éétﬁ%cﬁctllsahbeg ”ECJE@ﬂ S8 ifgrhBe sQremof an
el ectromagnetic actuator is used, a coil is formed on the 5 mounting plate

220 whi IS arMeRtErgaPlatgnet? ciiile @oi §X59§nabdnaq15qtﬁg: Aimdgnkt .arpdaed

driving current, %Sﬁbaaeahr@H@mflhang%hrreﬁee%@gseﬁqgatmasﬁl@héI&Jﬂ whi ch
interacts with tthe external field and drives the nounting plate 220 to

di spl ace ver¥snsyatgs alpapesie iHehdbwhich bntermcighetishi dhe ofxtieraaly ee
space NENB?E&%%PaﬂBtHE%beQr@ﬁé%&ﬂﬂ§95g5¥§éﬁg1§é§1k§c€§§gébged General l'y

optical crossconnect systens are nade in waveguid MEMS- based
optical crosetrivediysystens have advanced rapldly i nproving the

fabri cafgl on pr OC%%%eSEﬁ:lﬂg/tEk}gf‘%ase &CLQ%ECBPQEQH&%’ LBy 'f%@%ﬁzap"“ thits

wavegui de counterparts, ptical crossconnect Syste erate in
free space MEMbeviedeohtgbabvinatroegneont srstem| g disndestrdped.oss, smal |

crosstal k, té%ﬁ%f@Ti@ EBt%@X?‘S%&EJEd%%%ct systems are made in waveguide.

However, MEMS-based optical crossconnect systems have advanced
rapidly improving the fabrication process of optical

15 crossconnect systems. 'Compared with its wavéguide
counterparts, MEMS-based optical crossconnect systems operate
in free space and provide high switching contrast, low
insertion loss, small crosstalk, tolerance to wavelength and
polarization, transparency to data format and speed,

20 compactness and low cost.

In optical crossconnect systems, the vertical mirrors
determine the direction and path of the light beams which pass
unmovgd and intact without carrying information about data or
speed. In contrast, the optical signals operate

25 interferometrically and/or diffractively in waveguide
crossconnect systems, thereby strongly relying on the
wavelength and polarization. Moreover, nonlinear effects such
as Four Wave Mixing (FWM) and Self—Phase Modulating (SPM),
influence the transmission quality for different data format

30 and speed.

The operation of the free space optical crossconnect
system 315 begins when light beams from a plurality of input

optical {ibers 311 are collimated by micro-lens array 312.
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pol ari zation, transparency to data format and speed, 20 conpact nesg AAdlY gﬂ%
cost. In optical crossconnect systens, the vertical mrrors determne the
direction and path of the |ight beans which pass unnoved and intact

wi t hout carrying information about data or speed. In contrast, the optical
signals operate 25 interferonetrically and/or diffractively in wavegui de
crossconnect systemns,. thereby strongly relying on the wavelength and

pol ari zati on. Mbr eqver . nonlinear effects such as Four V\ave M xi ng (FWM
and Sel f - Phadt® SddRERERY {PN) Peamsr PREACENFMOR tR%s APESTBRLftavt y f or

di fferent dalwtOFRY ca30nbreh SpREREeniheooPSRAld QN RF1LREAT &1 Space

optical crossconnect system 315 begins when |ight beanms froma plurality
of input opiStdectiepeby Bha %fd ecsErEnatalie bYP GrloMiERsr af YEPIHFL 20115 0 2
NOV 2005 The: £l dd @H@Qﬂ:é@@ Og@ﬁ@'ﬁ%tﬁassmégﬁ%@ﬂet*%%e“f&ﬁc{:@ii&?é 'a\i%ayState

optical mrror systens 302 an re reflected and redirected

reflectidve siZa ecyptiecihend ighir ssyordasingbe atmlm“radléméﬁl pabut ght pat h.
Meanwhi | e, r {ay 3 pke l.iah

plurality of&gtultrea%t %llggtglgc i l;%lres%%?%% ert]sh% %fiancﬂ%éd cgﬁ et i ng
| enses 332 3% ae:|¢plemyédye@ ity gjrophéhki ghghbdaaemnsf rfewmt hbei bppnt fiiers

311, and th 4 ber W h ot I S;342 are_u e

| i ght beams o t%e%ogfi ?!L}?Q%Ser 4132—%%%0%2131?'[ kger n:%a?les 5i ?89 %ger g"gsc'r&laﬁtr ay of
optical mrraid slgtst érxshtl bearggtia e bhépopt fmrmrﬁisconnect system can be
easily ,scaled b d i_0 Spl f P

mrror system; \%ﬁlggkgkﬂg % Cli]%ze %% %9-’?%” c%nlcé@l%agorﬁlé?g § ér?}scc%g"sTh

met hod of falw meaj.uumgdt, hiahepcbpt::adalmcu:pescsgsemmtemt henpbemlllynvent ion

IS descrltxx%ég Sa byh%ogﬁlng additional rows and columns of the optical

mirror systems, whose small size makes this a concise
operation.

15 - The method of fabricaEing the optical mirkor;systems of
the present invention is described next. The bulk
micromachining and the surface micromachining technologies are
the main methods used to fabricate MEMS components, including
the vertical mirrors and the actuating mechanisms used in the

20 present invention. In bulk micromachining technology, the
surface of the vertical mirror 110 and 210 is directly formed
by deep etching of the silicon wafer. The bulk method takes
advantage of the property that the etching rate is dependent
on the crystalline direction and the doping concentration

25 while etching single crystalline silicon wafers. The surface
micromachining method deposits the structural layers
sandwiched by the individual sacrificial layers. After the
sacrificial layers have been etched (e.g. etching S8i02 by HF),
the desired components are released.

30 The bulk micromachining is able to fabricate MEMS
components with a large thickness (limited by the wafer
thickness). However, the component structure in the wvertical

direction should be simple. In contrast, although the surface
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m cromachi ni ng and the surface m cromachi ning technol ogies are tqe2 mﬁn%%
nmet hods used to fabricate MEMS conponents, including the vertical mrrors
and the actuating nmechani sms used in the 20 present invention. In bulk

m cromachi ni ng technol ogy, the surface of the vertical mrror 110 and 210
is directly formed by deep etching of the silicon wafer. The bul k net hod
takes advantage of the property that the etching rate is dependent on the

crystalline direction and the doping concentration 25 while etching single
crystal | i ne™$FFPRAFIRFTET Sethee s6r FaREP L & SAREAFATHYY rATRSE#éFosits the

structural Layer somsandwahedahy sthectaiyi dual sackhiisiat diayers. After
the sacrificial |ayers have been etched (e.g. etching SiQ2 by HF), the

desired congeREARSTES el eligided. ta0sTherpllnéaFoesenachining is able to
fabricate MEMS gpnponentg mithiackarge, thicknessyl bigtod P hg-waf er

t hi ckness). However, the conponént structure in the vertical direcfion
shoul d He sithpl scthatontmedanigit hasghelhesgtharesusface NAWNCEOOSs

m cr omachi ni_ng t ] | e i i i onpl ex
vertical st ch%:g?eg?gjf%aeﬁt %ﬁegggg%ﬁﬁgﬁéo%gﬁgggggﬁgﬂﬁ réllﬂtlgb o several
m crons. | nbhd&t pitherasrinical terhnotsot utared s210vosuEf®Bs: 1-4, 5 the

actuating meehanksm.; a5, el 88:0t RELa SHTLAC S, SLLUCEULERco 0o B 0PI Cal
m rror system may be tabt i'cat ed no nry %y PBulRnt EPORRCHI NI ng technol ogy
but al so byssurntaceal micfionaghprongsases hosksd, RégasdkEsse off titiee f abricati on

ond. S\gUCCYesh, D501 LIKGPIORTRESaHa St b AUELOR.ph DRI gbbhcal
reflectivityayRefeorimgrdasd-li€S. réfagcahdiftb), a single VOA system 415
D! iies B SUBS RREEC N0, & S840 H99P sRpctBlY £201008, n Apselabibers
includes a substrate 400, a drawbridge assembly 420 and two
optical fibers 492 and 495. The drawbridge assembly includes
15 a mirror 412 attached and depbsited at the end of & L-shaped
plate 410. The plate 410 is maintained in vertical position
by a head holder 411. A light signal 493 is transmitted in
the fiber core 491 of the input fiber 492. When the light
signal 493 enters the free space, the light signal 493 is
20 partially blocked by the mirror 412. Only a portion of light
496 is coupled into the core 424 of the coutput fiber 485. By
applying the voltage between the drawbridge assembly 420 and
the electrode 470, the position of the mirror 412 can be
finely controlled, resulting in variable attenuation.
25 Referring to FIG. 7, a multi-channel VOA system 515
includes a series of VOA system 501 and a substrate 500. The
VOA system 501 includes a drawbridge assembly 502, an input
Liber 565: and an output fiber 504.
A number of embodiments of the invention have been
30 described. Nevertheless, it will be understood that wvarious
modifications may be made without departing £from the spirit
and scope of the invention. Accordingly, other embodiments

are within the 'scope of the following claims.
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15 a-mirror 412 attached and deposited at the end of a L-shaped gt §0y12105
The plate 410 is naintained in vertical position by a head holder 411. A
light signal 493 is transmitted in the fiber core 491 of the input fiber
492. When the light signal 493 enters the free space, the |ight signal 493
is 20 gggtially bl ocked by the mrror 412. Only a portion of light 496 is
coupl efHPAAt 65t REAEYER 284 of the output fiber 495. By applying the voltage
bet ween the drawbridge assenbly 420 and the el ectrode 470, the position of
the mirror 412 can _be finely controlled, resulting in variable

att enuati 8A. cRbiRafeMiirngrt YFEeM zom@ragling-channel VOA system 515

i ncl udes a ée%h§§t95t¥9A system 501 and a substrate 500. The VOA system
501 includes a drawbridge assenbly 502, an input fiber 503, and an out put

fi ber 504. A mefbertdveenssamrdit soublede tionkant sobshavéeheen 30 descri bed.

Never t hel s, Lbcwhtlnferupisnsbpodoliaba/ay ous dibheati any my be made
W t hout departing ron1tﬁ% spirit and scope o t he i nvention Accordingly,
ot her enbodienerixavkiridad t heasenblycopeeadfaniwmflyl | ombugletai e 17he2 WHAT

IS CLA 2 L ical. Ceina. o _
S CLARRLLE L, Aol oo BRShoE SORREL S TB e

. coupl'éd to the su ate; an actuatin chani's
coupl ettetbaniemsubisty at epuphing drtdsbr | dgtlessind| yamseehbiivcaltiy colapl ed to

the r i a -y, e y i Lasl
R T S g L s TN
upon atbevariamind neshactigat i hgndecHdrm smeflebéibkrasasgemebharfirom bands
the refl i ; |y frQE ir pnosi fion_j igh.th ef | ive
assenbgfg%%rg :ﬁ%sgscrsll?r? ]?%f f’gg%:?vgﬁlset Z%eeﬂaér)l Ja‘}és)e%%%e p%) i t]'lt‘so;')Lrllr n‘Et V\ﬁIS%h t he
refl| ecteféective state and a second position in which the reflective

assembly is in a reflective state.

2. The optical mirror system of c¢laim 1, wherein the
drawbridge assembly comprises:

a holding plate; and

at least one drawing member having two ends, a first end

fixedly attached to the substrate.

3. The optical mirror system of claim 1, wherein the
reflective assembly comprises:

a mounting plate; and,

a vertical mirror mechanically coupled to the mounting

plate.

4. The optical mirror system of claim 2, wherein the holding
plate mechanically supports the biasing mechanism and 1is

connected to a second end of the at least one drawing member.

5. The optical mirror system of c¢laim 2, wherein the non-
reflective state of the reflective assembly forms a non-
inclined configuration of the drawbridge assembly maintained

by a resting state of the biasing mechanism.
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assenbly is in a reflective state. 2. The optical mrror system ofgglm}wm5
wherein the drawbridge assenbly conprises: a holding plate; and at | east
one draw ng nenber having two ends, a first end fixedly attached to the
substrate. 3. The optical mrror systemof claiml, wherein the reflective

assenbly conprises:, a nmounting plate; and, a vertical mrror nechanjcally
coupl e@-to RRINtGHy PHEFEr 4SYeheMopifcalc kit or2 systaerein cl Bieh 2,

wher ei Retfiedtah@ ntatd ate eehaairgally veuRRYd b her biAsi 89 TREehankgm and
is connected to a second end of the at |east one_drawi ng nenber. 5. The

opt i caCRAAorasyOlemt cFaf m 9rawkEieps t RESTERLYr effBEIGY e BY at BRBf the

ref | eClict@aaSsNbhychon DBma AN- al Nebh nadseond i gurald 0e Oftﬂéwb%éwé}%l dge
assenbly nmaintained by a resting state of the biasing mechanism 2005 18 0
2 NOV X658 15Fhe optical nmirror systemof claim2, wherein the reflective
state of the reflective assenbly forns an inclined configuration of the
drawbri dge assenbly caused by the actuating mechanismand a non-resting
state df tHe bPREIAY. MEEKSH Svistem Tk epaivak miwheseigystleen biaeingm 2,

wher ei meldiRrlisasi RGicIRERANISM i NCLudes agflexible SEbUCt Ungping SPARI Ng
the reflective state and the non-reflective state of the op?l cal
assenbFpilectife chtatal anpflr the Fercirbieettven stabkecdi nthhecPréspbl e
struct Weeenb19f. @ bending type. 9. The optical nmirror systemof claim?7,
wherein the flexible

8. The optical mirror system of claim 7, wherein the flexible

structure is of a bending type.

9. The optical mirror system of claim 7, wherein the flexible

gstructure is of a sgpring type.

10. The optical mirror system of c¢laim 5, wherein the non-
inclined configuration of the drawbridge assembly permits a
light beam to travel in a path unaffected and unchanged in a

same direction.

11. The optical mirror system of claim 6, wherein the inclined
configuration of the drawbridge assembly redirects a light
beam from a path by reflecting the light beam and directing

the light beam to travel in a different direction.

12. The optical mirror system of claim 2, wherein the at least
one drawing member supports the holding plate, a second end of
the at least one drawing member attached to the holding plate

by a latching mechanism.
13. The optical mirror system of claim 2, wherein the first

end of the at least one drawing member is securely fixed to

the substrate by a microhinge mechanism.
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structure is of a spring type. 10. The optical nirror system of cJ& WY 2005
wherein the non- inclined configuration of the drawbridge assenbly permts
a |light beamto travel in a path unaffected and unchanged in a sane
direction. 11. The optical mrror systemof claim®6, wherein the inclined
configuration of the draworidge assenbly redirects a light beamfroma
path byt4efTRetPRglent MEROPTbEAMEERd ofi reletithgs  t WeeTreght theahrleingavel

in a digf&fenlel B Uharkded The QR IS0 - B F 1O SYSIRIR O gl A B2, wherein
the at "I east one draw ng menber supports the hol ding pl ate a second end

of the at |east one drawi ng nmenber attached to the holding plate by a

| at chi ng rephanbsiicdd. sThecRPtdeall aLar 81 SRl ahgydindheiehy the

first end of the at | easSt one draw ng menb S secureg I xe
subst r dfClgypas M SRR dRVEHEBHG AN 1the eNOCR00s donl muralpiareal mirror
system of claimb5, wherein the holding plate remains unchanged in the
non-reflective configuration. 15. The optical systemof claim®6, wherein

t he holldi -ng Peat @pﬁml neBiBrer novesteownedr doilpimhe 2r ef Wbeteia  the

confi QW atjQngl 6. tdfal Jh 1 ox, SYStem Qi Ghahm 2, gl n they

actuating rrechanl sm can be a thermal actuator, an el ectronmagnetic

act uat Grlewramasladctd gettatd orcteratat . ellevctmﬁetajmq: cattwatrawy system of
claim3, wherein the actuating nechanismis an electrode. 18. The optical
mrror systemof claiml1, further conprising a |ocking nechanismto
mechanilcadl | yThﬁ)urﬁpﬁiﬁéaljr amrr@rge syscembl Lt ocihémsuBst r aberkdn i Rreeased

mechani gl 518y lrﬁéd‘halﬁf ¢ a| nerat ionof . goe optical mrror system 19. The

optical mrror systemo m 18, erein the | ocking nechanism conprises
anti-disintegration interl ockers.

18. The optical mirror system of claim 1, further comprising a
locking mechanism to mechanically wmount the drawbridge
agsembly to the substrate for increased mechanical stability

and operation of the optical mirror system.

19. The optical mirror system of claim 18, wherein the locking

mechanism comprises anti-disintegration interlockers.

20. The optical mirror gystem of c¢laim 17, wherein the
electrode is disposed relative to the mounting plate of the

reflective assembly.

21. The optical mirror system of claim 18, wherein a voltage
is applied between the mounting plate and the electrode

causing the mounting plate to move.

22. The optical mirror system of claim 3, wherein the vertical

mirror is three-dimensional.
23. The optical mirror system of c¢laim 22, wherein the

mounting plate is mechanically coupled to the vertical mirror

by at least one rotatable hinge.
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20. The optical mrror systemof claim17, wherein the elect rode 0l & NGV 2005
di sposed relative to the nounting plate of the reflective assenbly. 21.

The optical mrror systemof claim 18, wherein a voltage is applied

between the nounting plate and the el ectrode causing the mounting plate to

nove. 22. Th?,gOpt' cal rrqr system of claim3, wherein the vertical
mrror 4% tHh ong'llrr% THET6Pt | OF FilPABY 2¢st ePBFSéPai P92,

wher ei rtretrttqt:armmmtﬁﬁtgc piéltﬁa!t;ﬁtﬁﬁﬁ@én'aﬁa' he1cou eﬁht%{:b@ht’ef}bbﬁﬁhoﬁ‘ rror
by at st .one rotatable hinge. 20 0 NOV 2005 24 e optical mrror

system atigiemte Fhfh @R8Ny iie PLade |L“t§/aIatmlrerao'srt i HCE ned and hel d at

an upright position relative to the nounting plate by at | east one hol der.
25. The optical mrror systemof claim24, wherein the holder |ncludes two

ends, &%t deRPHEA hgArEPHoTESERR 6 g1 dur Ve ¥R WSt Reldert i cal

mrror jdcithieiptivehte OS] tiONFreandedd f ineRA N4 £aldagiepupked to
the nmounting _pl ate._ 26. The optical _mrror system of claim?2 further

conpr i SSRYLA Y dRIEMBCERS e VEEEEE2haVILAFOR on- FiR| PRBHIRBNPPEEEAPRON of
the dr auy i:deg xass el i ra dAfkedu & ate Vit ngd Raldveed

configuration of the drawbridge assenbly. 27. The optical "mrror system of
claim 22, wherein the actuating nmechanismincludes a flexible structure

for shap narnd tepttfctéle%weost @Sf%t@ﬂtd defhe oM r£s | e%h\!ﬁe:?t abepehisihg
optical assenbl The optical mrror system of claim 27, vvﬁerel n the

fl exi blfe R%T d’c@{ﬂr%:ﬁjsv%fs’éa BnlRHENGY Fe. nIY: iTneingd | anf hoVFRFigysOEm of

cl ai m Zhe WaREGIHF1kBR faégéhd%tt? saﬁacwreré@léétﬁrép@t%&é ypavisd Lhe
optical m.rror_systémof claim26, wherein
inclined configuration of the drawbrldge assembly.

27. The optical mirror system of claim 22, wherein the
actuating mechanism includes a flexible structure for shaping
the zreflective state and the non-reflective state of the

optical assembly.

28. The optical mirror system of c¢laim 27, wherein the

flexible structure is of a bending type.

29. The optical mirror system of c¢laim 27, wherein the

flexible structure is of a spring type.

30. The optical mirror system of claim 26, wherein the
actuating mechanism drives the mounting plate downward in a
reflective configuration, blocking and redirecting a light
beam from a path and directing the light beam to travel in a

different direction.

31. The optical mirror system of claim 26, wherein the
mounting plate remains unchanged in a resting state in the
non-inclined configuration of the drawbridge agsembly,
permitting a light beam to travel in a path unaffected and

unchanged in a same direction.
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actuating nechani smdrives the nmounting plate dowward in a reflégéiﬁgy4ﬂm5
configuration, blocking and redirecting a light beamfroma path and
directing the light beamto travel in a different direction. 31. The

optical mrror systemof claim26, wherein the nounting plate remains
unchanged in a resting state in the non-inclined configuration of the
drawbri dge assenbly, permtting a light beamto travel in a path

unaf f egied am@ wpehanrged mikrarsamgysdichecdfonc13ind 22NOVwBe0Bi32. tHhe
optical mrrar systemof claim22, wherein the actuatingtnechanisn1can be
I

a t her RGCYREGS or MESRATEISELt r G&gnetitc alt uatdfI™8r an2&LEEEPEst at PR

act uat @lectFombiRicdfild GRItUdTITOr vy shemidfctditatdd ahelfigy the actuating
mechanismis an electrode. 34. The optical mrror systemof claimS3,

further conprising a |ocking nmechanismto nechanically nmount the
drawbrizdge Tassedordaq t ke rsehist st bl diNCiaased mechagheakist abhki ty
and operation of the optical mrrqr system 35. The optical mrror system
of cl aiARBRL IR MERANST dekiaty e lasdRad®sm conpri ses anti - di si ntegration
interlockers. 36. The optical mrror systemof claim33, wherein the

el ectrode i s disposed relative to the nounting plate. 37. The optical

mirror 2&ysteiR APTHRIMWETWheTEF B Obl Chge™ Ps APpFhed setREérinHe2

nmount i N@dNide andchiei ehectodencSassifgiide MRl Nockd at arbopevge 38.
The optical mrror systemof claim1, wherein the optical _systemforns an

opti caPSSHELH, &n 5P CAPITTRE chRRechicraRSshi Teaharterhngtabspity
mul ti plagxelopeaid idrv i alee tilccal mitdenuaidien 39. An optical mrror

system conprising: a substrate;
35. The optical mirror system of claim 34, wherein the locking

mechanism comprises anti-disintegration interlockers.

36. The optical mirror system of ¢laim 33, wherein the

electrode is disposed relative to the mounting plate.

37. The optical mirror system of c¢laim 33, wherein a voltage
is applied between the mounting plate and the electrode

causing the mounting plate to move.

38. The optical mirror system of claim 1, wherein the optical
system forms an optical switch, an optical cross-connect, an
optical add and drop multiplexer, and a variable optical

attenuator.

39. An optical mirror system comprising:

a substrate;

a reflective assembly attached to the substrate;

an actuating means attached to the substrate; and,

a displacing means mechanically coupled to the reflective
assembly, the displacing means including a holding plate and a
drawing means having two ends, a first end fixedly attached to

the substrate, the displacing means having a bilasging means for
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a reflective assenbly attached to the substrate; an actuating ngéhﬁgv 2005
attached to the substrate; and, a displacing neans nechanically coupled to
the reflective assenbly, the displacing neans including a holding plate

and a draw ng neans having two ends, a first end fixedly attached to the

substrate, .t.he djspl aci nmeans havi ng.a bi asi means for 22 0 2 NOV 2005
coupliﬁ&upﬁénﬁéf%ggti ‘géﬁﬁTya§§eF%@YéuB§tHgﬂé,ﬁH?%?ﬁ%Fe'upBﬂeﬁﬁ%Fvation

?f theu];@_fbhuahbﬂgyﬂﬁii@ﬁ_, éﬁ\;ﬁ_d@iﬁsaegu@aﬁg I!ﬂ@ﬁ!ﬂé,thrﬁrlbef ebiegtinge assaably
roma,first positi in which t refl ective asse isin a ,
non-rePF@gﬁ\éb%t%?gf%ﬁﬁlﬁe §§§8WEEEO'QQQNFi 1ﬁﬁFchai¥H%ﬁl%&tW9éCh
assenbltyel sréfilect 14 | eglsievd1st at €. 140. a Theorpptd TRl ctlivd Okt sY st &ADf acl ai m
39, wherein the reflectjve assenbly conprises: a nmounting plate; and, a
verticgﬁcﬁpproPOﬁéEﬁaﬂidﬁ?lﬁﬁEdﬁblééetor?ﬁéeﬁﬁﬁﬁ?in@ss%m%'%.34&.1ﬂn 8ptica
CrossceRfeek-tsyst efagenprising: a light beamtraveling along a path; at

| east one optical mrror systemconprising: a substrate; a reflective
assenbly coupled to the substrate; an actuating nechani sm coupled to the

~ substrabpe; ahdrawpridae assesbhy Rani call ycaaupl edot 0 Wherehgf | egki ve
assenbl y, _the drawbrid ? assenbly having a biasing nmechanismfor coupling
the reflPddErrdVas @8R 10 COMREiSGSst rate, wherein upon activation of the
actuating aeabamtsmg bhgt@;a%h@g mechani sm bends the reflective assenbly
froma first position 1n which the reflective assenbly is in a )
non-ref | ect Pve’ et &t €@ andid *Odc oRBChPREFEL 6K iGPUWRHISh ERe Gt | BeEPGéNg
assenbkyate.in a

41. An optical crossconnect system comprising:
a light beam traveling along a path;
at least one optical mirror system comprising:
a substrate;
a reflective assembly coupled to the substrate;
an actuating mechanism coupled to the substrate;
a drawbridge assembly mechanically coupled to the
. reflective assembly, the drawbridge assembly having a
biasing mechanism for coupling the reflective assembly to
the substrate, wherein upon activation of the actuating
mechanism, the biasing mechanism bends the reflective
assembly from a first position in which the reflective
assembly is in a non-reflective state and a second
pogition in which the reflective asgembly is in a
reflective state;
at least one input fiber for emitting the light beam;
- at least one output fiber for receiving the light beam;
wherein the light beam passes through the at least one
optical system and the path of the light beam is determined by
an reflective state and a non-reflective gstate of the optical

mirror system.

42. The optical crossconnect sgystem of c¢laim 41, further

comprigsing an array of collimating lenses and an arxrray of
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reflective state; at |east one input fiber for emtting the |ight Ee?arﬁém 3905
| east one output fiber for receiving the Iight beam wherein the |ight

beam passes through the at | east one optical systemand the path of the
|ight beamis determined by an reflective state and a non-reflective state
of the opti.cal irror system, 42, The optical crossconnect systemof claim
41, fuFPRBL RGO PRERRg BT aPrapadt COIPIH | A59) oFbLI BRI &Fr ablBt 23 0
2 N O Viz®@5beempl i ng | enses for signal coupling and collimation of the

| i ght beam 43. The optical crossconnect systemof claim4l, further
conprising a scal able configuration having a plurality of rows and

col umé3.44Theheoppitradl crosscennect syssegmofol| ailmisl, 4dher Einthhe

dr awbr idéﬂ%r@%i%@'ay a8 OREdcR] g ¥ Qn SYST 8 CQ”%TL&:?&E;? el 93@9

pl at e; at | east one draw ng nenber having two ends, a first en
fixedl i*“%t Fé?éL

850 the substrate. 45. The optical crossconnect system of
claim4l, wherein the reflective assenbly of the optical mrror system

compri Sgs. AhdouBtl 08y PlAtes Ao VEILIGR o1 LhanEEhan ALy, coppl ed to
the nmounting ~“plate. 46. An OptICé:I a aerop multiplexer’ conprising: ™ a
| i ght eavbrrigas iampeaidng of Fdtch optdcdleasirmnme optiegalcaripuiceessyst em

conprising: a 1AW H1ted eld ective assenbly coupled to the substrate;
an actuating nmechani sm coupled to the substrate; a drawbridge assenbly
nechanicall?tcé&ﬁﬁﬂﬂ eRe t Reawing member having two ends, a first end

fixedly attached to the substrate.

45. The optical crossconnect system of claim 41, wherein the
reflective assembly of the optical mirror system comprises:

a mounting plate; and,

a vertical mirror mechanically coupled to the mounting

plate.

46. An optical add/drop multiplexer comprising:
a light beam traveling along a path ;
at least one optical mirror system comprising:

a substrate;

a reflective assembly coupled to the substrate;

an actuating mechanism coupled to the substrate;

a drawbridge assembly mechanically coupled to the
reflective assembly, the drawbridge assembly having a
biasing mechanism for coupling the reflective assembly to
the substrate, wherein upon activation of the actuating
mechanism, the biasing mechanism bends the zreflective
assembly from a first position in which the reflective
agssembly 18 in a mnon-reflective state and a second
position in which the reflective assembly is in a
reflective state;
at least one input fiber for emitting the light beam;
at least one output fiber for receiving the light beam;

at least one add fiber for adding the light beam;
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§ 14 ¢ i
reflective assenbly, the drawbridge assenbly having a biasing nechgkgé%%“ 2085

for coupling the reflective assenbly to the substrate, wherein upon
activation of the actuating nechanism the biasing mechani smbends the
reflective assenbly froma first position in which the reflective
assenbly is _in.a non-reflective.state and a secon asi.ition in which the
reflective éasts&r?@IS& i4S &P éﬁe&tq%ife -G eeglsltghd_‘n S3but fiber for
gm’ tting tlh&fl'ieirgalitn bte]gaén 1iahtl fG:aéiﬂIm gpaseutsptﬂhxfdd@m bel@é meceivasy bhe |ight
eam at .least one a i bher for, addi the ]ight beam .24 .0,2 WQ"V
2005 aCHIdSA GHERFOEAA Hete 161 Ghptig. ¢ hnt P BRERhoanfcCRRBABEN Phie
| i ght keamgfEsses ddroughe t Ardak eastreme@pticalt system and bheipath of
t he Iigﬁ? beanli% determ ned by an reflective state and a non-reflective
state OF & SPT-GAl nmirror system 47. A variable optical attenuator
conprising: a drawbridge assenbly nechanically coupled to a reflective
assenbl aggached 0 a substrate, wherein upon .activation of an actuating
machaniésem VEHEP o R Cadu e EGTh €FB 16dfi%fe assenbl y moves
continuousl y andragbradbe t oasbaybaly anyeRshidfI Pet wesipadir o pogition
and a Zgﬁpnd.positiongkﬁ whi ch tBe reflective assenbly is in.a reflective
st at e. 48 1ofitd “ar PEFFERSE | BAFaSREENURPor? oS IShLRIAY, MReRIRER  EBRBri si ng

a nul tizcthianndlonvar babl exppt heghadli hgnuatfhafi®m A AUkhkneRannal vankabl e
opti cal a plurality of variable optical attenuators

t t enuat or. conpri_si ng..
a5 cl aiSHERFGHR te| a"r}h‘?zg?fjxﬁé’géivﬁ AREPRUAI PPYesf CPRtiaMassdpt iRt is
att ](capu&ttﬂre_s s estaynted oy apsknghens Hesivale andiake JGNedn i mpagal | el
con |guSre%tO| :

IEP pogition in which the reflective assembly is in a

reflective state.

48. The wvariable optical attenuator of claim 47, further

comprising a multi-channel variable optical attenuator.

49. A multi-channel variable optical attenuator comprising:

a plurality of variable optical attenuators as claimed in
claim a7, wherein the plurality of variable cptical
attenuators are mounted on a single substrate and are aligned

in parallel configurationsg.

50. The optical mirror system of c¢laim 26, wherein the
actuating mechanism drives the mounting plate downward in a
reflective configuration, thereby redirecting a path of a
light beam.

51. A variable optical attenuator comprising:

a drawbridge  assembly mechanically coupled to a
reflective assembly of a substrate, the drawbridge assembly
having a biasing mechanism for coupling the reflective
assembly to the substrate, wherein upon activation of an
actuating mechanism attached to the substrate, the biasing

mechanism bends the reflective assembly continuously and
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50. The optical mrror systemof claim 26, wherein the actuating Mm 205
drives the nounting plate downward in a reflective configuration, thereby
redirecting a path of a light beam 51. A variable optical attenuator
conprising: a drawbridge assenbly nechanically coupled to a reflective
assenbl v . ub ate,-t drawbyr i, dge, assenb| havi.ng a hi asin
rrechani“%éln% tgﬁr%ou%]lg% néf%tf%éer&%ésfleec Tq%/éeil%ocli s &bl ¥opf3ﬁétgﬁﬁsg?%"é‘?eq%m@rei n
upon adtiingst iprefiam andt @atsegpmichani shoat tachadidlo the swlistratees t he
bi asin nEehani;gmibends. the refl ective assenbly continuously and 25 0 2 N
Vv 2005%r?a| nt a?gsl%tmﬁ% %e 1%e¢ elc\}:elvaesssetrﬁ)tley' at any position between a first
position and a second position in which the reflective assenbly is in a
refl ectdyve ,state.. 52. |.ti-.channel  vari.able optical attenuator
conpri sé|2n'g:A gﬂl&%t}r %%llatm;%l ot \ariabi% Bt aattett Br SOBACHF 1 RHr i abl e
optical attenuapburdbiing afdr andrlisalgke asspthicn]l meghoancad dys coupked to a
refl ect] senmbl v .of .a substrate the drawbridge assenbly having._a
bi asi né}a\éniic%gnel S i %bﬁ?&lﬁtr%rre??%%??veaasggﬁﬂgﬁlgget h@%ﬁﬁ‘ggﬁ’at e,
wher ei mealpon cadtlivatdupiled ao actedtlicng ivechaniabiat taehedstdsthate,
.substrate, the_.biasing nechanism bends the ref]ective assenbl
cont i n&?ﬁ?ﬂ yé%aﬁﬂclornlm%% ai %gs?ﬁgi¥ef 8dtiV¥e &ss ST a‘H§Ch?)’6§¥‘Eli ofh%et ween
the fi rcstupgddsict i bheanck f hecisteondspesidliyontbn thdi gluddie-atef,| eghkyein
assenbl Ln.a_r ective state, \fg]ereintge Elurali% of _variabl e

@b

opt i cal%éjltnfeﬁﬁg hia Elﬁ?e OhoHt ed<EHaE LS glge BRatd P e B0 i GHED i n

par al | elubstomftiegurdtd dnsasity mechanism bends the reflective assembly
continuously and maintains the reflective assembly at any
position between the first position and the second position in
which the reflective assembly is in a reflective state,
wherein the plurality of wvariable optical attenuators are
mounted on a single substrate and are aligned in parallel

configurations.
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