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ultraviolet curing

TECHNICAL FIELD
[0001] Various embodiments relate generally to a microelectromecharnical system
(MEMS) device, a method of operating the MEMS device, and a method of forming the
MEMS device. -

BACKGROUND
[0002] With a | requirement of a smaller footprint for semiconductor and
photoelectronics packages, microelectromechanical system (MEMS) techoloéy has
emerged. A higher precision of positioning small components is thus required.
Actuation mechanisms have been used in the MEMS technology for positioning
components. However, there is a problem of locking the components in position.
[0003] Conventionally, the components were fixed in a position by ultraviolet curing
of an epoxy adhesive. However, the positions of the components may shift after curing
o of the epoxy adhesive due to stress inside the solid epoxy. Such problems also exist in
cas;as where thermoplastic material was used as glue to hold the components in place.
[ﬂO[M] Passive locks and rack-and-tooth mechanisms were also used to keep the
components in position. However, a precise alignment is required by the passive locks

and the rack-and-tooth mechanisms to perform the locking functionality.

SUMMARY



of an epoxy adhesive. However, the positions of the conponents. may
shift aft I f the epoxy adhesive due to stress inside the
solid epo%pg%éﬁ‘%;gfobl ems also exist in ' cases where ROEPFAIPTA80C
mat eri al ‘was used as glue to hold the conponents in place.
[ 0004] Passi ve | ocks and rack-and-tooth mechani sms were al so used to
keep the conponents in position. However, a precise alignnent is
requi red by the passive | ocks and the rack-and-tooth nmechanisns to
perform t heygoscki B9 fdinglv, it é I ' .athere
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is provided a m croel ectromechani cal vice 1nc
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second surface: . ar tructure having a first surface and a
second our PRtomidy AEGANNLARI s o iR At eRiot o Frannefhon S Repande
faces the fifst surface of the second_.arm strucfure. The_ positiaqgnin
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surface of _the second arm structure facing away fromthe first arm
st ruct ur e. THEROSUORDE TRecharism dlse inludes a diess agfugtor dispoged adjagentito tiei sagpnd
el ements arranged such that each | ocking element is disposed at two
opposit e sﬁuafg“'s‘afrth%@é% iy stpygBird fapisg awpyirem thesecond apm stmenture dud afsecast]
(and second surfaces of the first armstructure; and a second pair of
1ocki ng el st disgpyedrndiagens de theserend suréise b thiiseagné kemetntcirs fatingposyd
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[ 0006) I n anot her enbodi ment, there is provided a nethod of operating
a' m cr oelurfages of dheafirst aim stystueerb¢tivEtviShe dizstiand second butflicejoftthe Gy aghng
a first pair of locking elenents froma first armstructure and
di sengagi rifjuetureg archal sqrafid paif of lockingigembmsamdnged suohtiait se2h ddeking dlRment
structure; noving the first and second arm structures; and | ocking
final posiit digprsedft twioeppositstsida safmecaithe seconddinnistrtictie betwfe0 thélfirst and
anot her enbodi ment, there is provided nethod of formng a
m cr oel ectseemdcinfacasadl thy seemd(dvisMBjucthexi @he firtcdnddiesghddpsnsoft loblgng
first layer of

elements are configured to engage with and disengage from the first and second arm

structures respectively.

[0006]) In another embodiment, there is provided a method of operating a’
microelectromechanical system (MEMS) device, including disengaging a first pair of
locking elements from a first arm structure and disengaging a second pair of locking
elements from a second arm structure; moving the first and second arm structures; and
locking final positions of the first and-second amm structures.

[00607] In another embodiment, there is provided method of forming a

microelectromechanical system (MEMS) device, including depositing a first la3}er of



3 oxide above a first surface of a silicon wafer; depositing a second
| ayer of oxide above a second surface of the silicon wafer;
deposi ti ng"Q P¥HMH058f pol ysilicon above the first |ayer PET/SG0en021nd
dopi ng and patterning the layer of polysilicon to expose the first

| ayer of oxide. BRIEF DESCRI PTI ON OF THE DRAW NGS [ 0008] I n the

drawi ngs, like reference characters genkrally refer to the sane parts
t hroughout the different views. The drawi ngs are not necessarily to

scal e, enp LS 1 nst aﬂ neral |y bei | aced upon il lustrating the
o1 ot ot o0 CaR Ayt BR RS o' silead 3 Biaorignise sesernd et ovideiabors
enbodi ment s_ of thglinﬁ ntHon are described with reference to the
fol | owi ng oSN SHytce P iyilien eSitigraclayer of pelssiliconaheymthe Grst layer
diagran1ofep l.an vi ew, of a microel ectromechani cal system ( MEM5)
device. [0 1@ﬁ¢?=gﬁaﬂéi°galgsq@6\n§ﬂ%mm§>tmyqs of pplysiticon tat dxpesecthe firsMilYEr of
device. [0011l] Figure 2b shows anot her-exanpl e inplenentation of a
VEMS devic@@dT0012)Figure 3 shows anot her exanpl e inplenentation of a
MEMS devi ce.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In the drawings, like reference characters generally refer to the same parts
9 throughout the different views. The drawings are not necessarily to scale, emphasis

instead generally being placed upon illustrating the principles of the invention. In the

following description, various embodiments of the invention are described with reference

to the following drawings, in which:

[0009} Figure 1 shows a schematic diagram of a plan view of a

microelectromechanical system (MEMS) device.

[0010] Figure 2a shows an example implementation of a MEMS device.

[0011] Figure 2b shows another-example implementation of a MEMS device.

{0012] Figure 3 shows another example implementation of a MEMS device.

Vi

[0013]  Figure 4 shows a portion of the example implementation of the MEMS device'’
of Figure 2b. .

[0014] Figure 5 shows a flowchart of operating a MEMS device.

[0015]  Figures 6a shows a first pair of Ioc.:king elements and a second pair of locking
elements engaging with a first arm structure and a second arm structure respectively.
[0016] Figure 6b shows an enlarged scanning electron microscopy (SEM) image of a

plurality of tooth structures.



[ 0013] Figure 4 shows a portion of the exanple inplenentation of the

MVEMS devi
operating

[0014] Figure 5 shows a flowchart of

' Fi qure 2b.
C‘goﬁg\%“ﬂggi ce. [0015] Figures 6a shows a firstPoHPF201/000210

| ocki ng el enents and a second pair of |ocking elenents engaging with
a first armstructure and a second arm structure respectively.
[ 0016] Fi gure 6b shows an enl arged scanning el ectron m croscopy (SEM

I mge of a plurality of tooth structures.

4 [0017] Figure 6¢c shows a
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engaging with a first armstructu

econd arm stru
rof

g i _ d a’second ar Strict
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structure ?(RﬂS]a 5%@_{}9 6§gﬂov§star HI%E Hz{ireofr Igcﬁgr?gcéllen\{grlté/ and a second pair of locking

elements disengaging from a first arm structure and a second arm sfructure respectiveiy.
[0019]) Figure 6e shows a movement of a first arm structure and a second arm
structure.

[0020]  Figures 6f and 6g show a first pair of locking elements and a second pair of
locking elements engaging with a first arm structure and a second arm structure
respectively.

{0021} Figure 6h shows an enlarged drawing of a plurality of tooth structures of an
locking element engaging with a plurality of tooth structures of an arm stricture.

[0022] Figures 7a to 7d show schematic diagrams of a first actuator and a second
actuator moving a first arm structure and a second arm structure respectively.

[0023]  Figure 8a shows a graph of a displacement of an arm structure against a
voltage applied to an actuator and a graph of a displacement of an actuator against a
voltage applied to the actuator.

[0024] Figure 8b shows a graph of a displacement of a'locking element against a'
voltage applied to the locking element.

[0025]  Figure 9 shows a graph of a measured optical loss against a voltage applied to
the actuator and a graph of the measured optical loss against a displacement of an optical
component from a laser diode.

[0026]  Figures 10a to 101 show a first exemplary process of forming a MEMS device.



[ 0019] Fi gure 6e shows a novenent of a first armstructure and a
second arm structure. [0020] Figures 6f and 6g show a first pair of

| ocki ng el ¥4 a second pair of |ocking el enents @6EAGR800M010N
a first armstructure and a second arm structure respectively.

[ 0021] Fi gure 6h shows an enlarged drawing of a plurality of tooth
structures of an | ocking el ement engagihg with a plurality of tooth
structures of an am structure. [0022]Figures 7a to 7d show schenatic

di agranms of i rsd. tor,and a second actuator novi a first arm
structure %@72 széé%'%gé g?amost‘ﬁfg‘f’ﬁ'raesﬁ” 9?“{"‘6052‘%%&@61‘458@
shows a grggvhceof a displacenent of an arm structure against a voltage
applied to A°ct uator and a graph of a displacenent of an actuator
agai nst a voltage applied to the actuator. [0024] Figure 8b shows a
graph of a displacenent of a | ocking el ement against a'

DETAILED DESCRIPTION
[0028] Embodiments of a microelectromechanical system (MEMS) device, a method
of operating the MEMS device, and a method of forming the MEMS device will be

described in detail below with referenbé to the accompanying figures., It will be

—

appreciated that the embodiments described below can be modified in various aspects
without changing the essence of the invention.

[0029] Figure 1 shows a schematic diagram of a plan view of a
microelectromechanical system (MEMS) device 100. The MEBMS device 100 may
include a positioning mechanism 102 and a locking mechanism 104. The positioning
mechanism 102 may include 2 first arm structure 106, a second arm structure 108, a first
actuator 110 and a second actuator 112. The first arm structure 106 may have a first
surface 114 and a second surface 116. The second arm structure 108 may have a first
surface 118 and a second surface 120. The first surface 114 of the first arm structure 106

may face the first surface 118 of the second arm structure 108. The first actuator 110"

(-~

may be disposed adjacent to the second surface 116 of the first arm structure 106. The
second actuator 112 may be disposed adjacent to the second surface 120 of the second
arm structure 108. The first actuator 110 and the second actuator 112 may be thermal
actuators,

[0030]  Further, the first arm structure 106 may have two opposite side surfaces 122,

124 between the first surface 114 and the second surface 116 of the first arm structure



voltage applied to the | ocking element. [0025] Figure 9 shows a graph

of a neas Lzal |1 oss against a voltage applied to_the actuator
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and a gra e neasured optical | oss against a di sp?

optical conponent froma |aser diode. [0026] Figures 10a to 101 show a
first exenplary process of formng a MEMS device. WO

2010/ 144051PCT/ SG2009/ 000210 5 [0027]Fﬁgures Ila to 111 show a second
exenpl ary process of form ng a MEMS devi ce. DETAI LED DESCRI PTI ON

gogénggbO%mu&fmﬁ stubhRSl08 ?ﬁa&%ﬁ%%aﬁ@ of iyo%ﬁf& s)t'.\)/lru'lcznl'\l/ssi 26d cﬁglpio(s:e%
along a portion or a whole of the two side surfaces 122, 124 of the first arm structure 106.
Each protruding portion 126 of the first arm structure 106 may be spaced apart from an .
adjacent protruding portion 126 by a cavity 130. Each protruding portion 126 of the ﬁrst
amn structure 106 may have a plurality of tooth structures 134. Each tooth structure 134
may be spaced apart from an adjacent tooth structure 134 by a cavity 136.

[0031] The second arm structure 108 may have two opposite side surfaces 138, 140

between the first surface 118 and the second surface 120 of the second arm structure 108.

S

The second arm structure 108 may have a plurality of protruding portions 142 disposed
along a portion or a .whole of the two side surfaces 138, 140 of the second arm structure
108, Each protruding portion 142 of the second amm structure 108 may be spaced apart
from an adjacent protruding portion 142 by a cavity 144. Each protruding portion 142 of
the second arm structure 108 may have a plurality of tooth structures 146. Each tooth
structure 146 may be spaced apart from an adjacent tooth structure 146 by a cavity 148.

[0032] The locking mechanism 104 of the MEMS device 100 may include a fixst pair

of locking elements 150a, 150b and a second pair of locking elements 152a, 152b. The

-~

first pair of locking elements 150a, 150b may be arranged such that each locking element
150a, 150b is disposed at two opposite side surfaces 122, 124 of the first arm structure
106. That is, the locking element 150a may be disposed at the side surface 122 of the
first arm structure 106 and the locking element 150b may be disposed at the side surface
124 of the first arm structure 106 opposite to the side surface 122. Each locking element

150a, 150b may have a respective actuator 15la, 151b configured to move the



of operating the MEMS device, and a nethod of formng the M ENMS
device will be described in detail belowwith reference to the
acconpanyi W@ Y3, |t will be appreciated that the eRbTSGaIAN8210
descri bed bel ow can be nodified in various aspects w thout changing
the essence of the invention. [0029]Figure 1 shows a schematic

di agram of a plan view of a mcroel ectfonechanical system ( MEMS)

devi ce 100. The MEMS device 100 may include a positioning nmechanism
102 and a | ocking,.mechapi sm 104. The positioni ng nechani sm 102 may
ncl ude a FPFEPOLNG oeking qlrraent 4502, o S e Shel aatvaiors (151 (131 megehe thermal
first actuator 110 and a second actuator 112. The first arm structure
106 may ha@eudfors r st surface 114 and a second surface 116. The second
armstructure 108 may have a first surface 118 and a second surface
120. The f®038] sur¥hgsecondpaistoft Ineking eloments AF2st 1521 onyp bd @framged shelc that
the first surface 118 of the second armstructure 108. The first .

act uat or 1¢&h laeking eledienp b¥lad 152l mobisposelt thhe oppaiie duficed 488 140G rake
the first armstructure 106. The second actuator 112 may be di sposed
adj acent t secpbamestontirs 168.atknt 12 thedbekinpeel amaio NSPaahay 15 disgoked £ tHBde
The first actuator 110 and the second actuator 112 may be thernal

act uat or s. syr08UBEwft thersecdnearn stichas M08 hd EielllogkihD Gidint N3N nfaYObe
opposite side surfaces 122, 124 between the first surface 114 and the

second sur digpmed 36 thef sidd1urface 180 R AeSiLHR AHresnBrurdl 08 ofgtRitd kd e Rl
(Structure 106 may have a plurality of protruding portions 126

‘di sposed ahwefage 3R01BaED Nockinglelhionte1504, 1508 maCha¥h YereSHEARCER bz 253424
of the first arrn structure 106. Each protruding portion 126 of tﬁe’
first arm p3buohfipged GOmoBY e ofBdedn@ Rakihg EleRith@r5280] PHENhe actuat
protrudi ng portion 126 by a cavity 130. Eacﬁ protruding portion iglé

of the firr3aprssbsidyirithdrmall Qeuatety have a plurality of tooth
structures 134. Each tooth structure 134 may be spaced apart from an

adj acent tmo3d] St Ilisdditiod, &d4irRYpad o Wiy elbAfnts h%&?lkdﬂ}ﬁ@%&%%lﬁmy

structure 108 may have two opposite side surfaces 138, T40 bet'ween

the first sfusrb@sdingd p8rirnsl 15he HRE Préirdie! Rrfonl 284 of thtehﬁsfﬁérigpﬁo%fc%qg

structure 108. The second arm structure 108 rmay have a p
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two side surfaces 138, 140 of the second arm'str
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apart from an adjacent protruding portion 1
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plurality of tooth structures 146. Each tooth structure

spaced apafhrt oA RSk Sl ARk B 46 by a cavity 148.
1 0032] Thgdbl ocki ng rﬁ]echani sm 104 o? ?%ﬁj%g}gﬂdevi ce 100 may i ncl ude
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150; 150b have a r ctiye agctuator 151 151b configured to
nmove t he 1@9‘3’ mayvhave a Elsupa?l on too strl{lcmres 166. a]-Each tooth stmct!lJrgeulﬁﬁ may be

spaced apart from an adjacent tooth structure 166 by a cavity 168.



7 correspondi ng | ocking el enent 150a, 150b. The actuators 15l1a, 151b
may be thermal actuators. [0033] The second pair of |ocking el enents
152a, | 5MOPIBYSL r anged such that each | ocking el enGR/SGI99%0002182h
i s disposed at two opposite surfaces 138, 140 of the second arm
structure 108. That is, the |locking elenment 152a nay be di sposed at
the side surface 138 of the second arm&tructure 108 and the | ocking
el enrent 152b may be di sposed at the side surface 140 of the second

arm st ruct o3t 98 12RBAA, 3hd OEMIESIAS 08 Wl 365 4 38luinE I el 150 The

el ement |5 52b nmay hdve a respective a

confi gured,t,Q. nove, t he responding | ocking. el t 152a, 152b. The
act uators E@ggi‘,gonl%%’“%fﬁ@gai’ ﬁ%‘f”r‘?ﬂé a“&e?iﬁﬁftﬂ% re F%ﬁﬁoﬁ?ﬁzaé&ﬁ Slonrfags e
first pair cki el enent 50a, 150 y have a plurality of

pr ot r udi nglg‘{)?ﬁt?%?ésq%gﬂ.s%ﬁslﬂgé? B &5°R Hgggeisgﬂctggdﬁfdlqpﬁgdfqt fhgy first
pair of |ockjn enents 150a, 150b may be spaced apart froman -

adj acent p?%ﬁ%éf%@%sﬁ:%ﬁ‘ am stygotuze ]@évi*‘% yloping surface i 76 of the fiishyedge
portion 154 of the first pair of |ocking el enents 150a, 150b may have
a plural i t§rustre 482 mayifasece slepisg sardace Eé'g tof theoteponsk wedge stractus gl TdnyThee
spaced apart from an adjacent tooth structure 158 by a cavity 160.

[ 0035] The Heringaurfserl76fof thechishyeddectrueiues 13 2ad tbdbpingyurfics 47 al thea
plurality of' protruding portions 162. Each protruding portion 162 of
t he secondsep(wcf wedgd struchng 18# enanbe cafiRured 116 dwldray dpticad pamponamparthe
froman adjacent protruding portion 162 by a cavity 164. Each

‘pr ot r udi ngepvisaltdompongr maly behdens ecafiberpai r of | ocking el enents 152a,
152b may have a plurality of tooth structures 166. Each tooth

st ruct ur e [0887Imay AbeheywaoeBigampal; thef MEMSadevird] 180 éntt 4 @ef gosiion (L4, Wikn
166 by a cavity 168. 8 [0036]1n addition, the MEMS device 100 may
have a holtté MEME cleaice 60 haOnot Braeted operating). When the MEMS device 100 is at a

rest position, there may be a gap 180 between the second surface 116 ‘of the first arm
structure 106 and the first actuator 110 and a éap 182 between the second surface 120 of
the second arm structure 108 and the second actuator 112. Also, the first pair of locking
elements 150a, 150b and the second pair of locking elements 152a, 152b may be
configured to engage with the first-arm structure 106 and the second arm structure 108
respectively. The plurality of protruding portions 154 of the first pair of locking elements
— 1502, 150b may be received in the respective cavities 130 of the first arm structure 106,
and the plurality of protruding portions 162 of the second pair of locking elements 152a,
152b may be received in the rcépective cavities 144 of the second arm structure 108, The
plurality of protruding portions 126 of the ﬁrst. arm structure 106 may be received in the
respective cavities 156 of the pair of locking elements 150a, 150b, and the plurality of
protruding portions 142 of the second arm structure 108 may be received in the respective

cavities 164 of the second pair of locking elements 152a, 152b. Such an arrangement of



hol di ng mechani sm 170 may have a first wedge ,structure 172 di sposed
at the first surface 114 of the first ann structure 106 and a second
wedge st r uWORIR/MIF1Idi sposed at the first surface 118 obctrhezmscned
-armstructure 108. A sloping surface 176 of the first wedge structure
172 may face a sloping surface 178 of the second wedge structure 174.
The sl oping surface 176 of the first wadge structure 172 and the

sl oping surface 178 of the second wedge structure 174 may be
configured to hold an optical conponent. The optical conmponent may be
a lens or &hsMEMS dfﬂ%%ﬂ&s&mmme arrigid epnfigurbtion hthypbEtioing aechAn S
at a rest position (i.e. when the MEMS device 100 has not started
oper at i ng) 10¥\aehthe feckivignBechenismd 04.0Bori examplesmoasienpassithd B8t art@fuSmIRY
be a gap 180 between the second surface 116 of the first arm
structure 106amhthe sévond ams straotire 409 canlbkQindifed wheg R MBRIDEIWRED0ENS 2
second surface 120 of the second arm structure 108 and the second

actuator 1i€at plbition. t iBettbd rcohrs@adlignaént! m&{ag‘g ®Rkiape SsskrBRy oFSQRiaNd
t he second pair of |ocking elenents 152a, 152b may be confi'gured to

engage Wi t torhfteiits ftd thRhGIditg tedhdhiom 190 c AW pkdigdegecond arm structure
108 respectively. The plurality of protruding portions 154 of the

first pair [0o88) ockigige 21 SiBRRLS kaBfle OB R0k %{gig‘{\&égggdeﬂ}g 100.

respective cavities 130 of the first aimstructure

plurality he PIEMS 8&6liid201 00GhLY t i ,n9f A OCKi.
—el ement s 152%, 152b rlray be ryeg?S%%?ﬁd%Btar@ﬁ?%E%ggg P%{eczg\ali fﬁ@graﬁﬂﬁ%fof
‘Lhe secondmaiapsts 208! ML ' p i.n ortio

126 of themf i Irqét arm strﬁ%tgﬁrdz-é%ggdng%g?“?dg?eqsvég} F%Q{S ge‘segemslpdé%g'iﬁ&e

cavities Ifecisublidennial Bl hifalthi ok RS04 100 digBRea A0dedE,

plurality of protrudi ng portions e sec arms
may be recgj j I L f.the seco air . of
| ocki ng el ?ﬁe\bﬁ&é H%E%gﬁccang%gﬁﬁguc 'gﬁgg%érrgﬁogdé%g%?n dotithe Wgingédg%gR/glay be
devi ce 100,£4. i Rl G LQUr A osi ti.ani
mechani sm ‘102&33%‘9%‘ r}gﬁl lg?: I&bgjéﬁ%‘r%g :filrlljlg'g1 mﬁko‘%}hgwlgg ac%&cg ,loﬁ'd§/ B%B?ﬁeg
of the fir t 6, amn Seco ar, truct ur 08 can
be 11 m e nren T e e g e 20n, S Jutt e g e B
coarse ali t r ' enb] y. of ti.cal conpopents
ot he. HaTA Rg RECH el 40 DEu R o BRS Bttt 1 Ao LE Prarhs 30 shous
an exanpl a,.i ALl evice 100. ,.The MENS
dovi o L0 rny B PAReRC b 38t 2 it ME NS mETsupmLi ) Srpgten e
plurality Q. a 4 | igde 206 and a egyi de 208
may be di scg sggi 'onlIn tﬁﬁgﬁ%ﬁﬁgﬁmgl ?nggﬁfa’s%ﬁgﬁfta‘fr ggégvcwﬁ%%ﬁgﬂ? f5Fopft
net al pad 4 i .near, edge 01,. 203 of. the bul k .
silicon s%@g? gﬁ%g?ghﬁﬁgﬁg@én e g‘%oz’ﬁ?ﬁjb‘f g’ém%i\%%%i FSNSOBORR Y
~be arrangegd: that the holdi mechani sm 170 of fhe MENS device
1007 5 o ShisBh SRR Heocelt 181 BeleGReoMatan & iy Bh steth o B ddemtst
ol di ng LKA LY PAO oL HRE RS Ot HEMBUBvIre) UbBa0rOpss Basiten ihelee
207, 1 1 A Sha e F1DE ST Wi derdioheAlBang thegtveEda . and
7. In th ) €l43. an
t he seconcf iige tru Eu e 174 of the holding nechanism 170 may be
f ormed by %‘3@3. rﬁ@ﬁf’é ts{l‘b‘ﬁ? nodher pxampleimplmegtation 26 of thp MENMS devige
mechani sm_170 nay be sized to hold a |ens 210.' The lens 210 nay be a
bal | | ens.108hbeEEMR:drvee 100 maybeafabripsted ompa bulki shiconf substeatd 205 210
such that the lens 210 is aligned with the |aser diode 206 and the
wavegui de Phudity 9fmeml radg 304 adpses tiodes2Mnowhenguids 20%) aed & gioea Rt mby on
200b of the MEMS device 100. The MEMS device 100 nay be fabricated on

a bul k si Wisposed ombbe haille sitioon svbsirata282.i tThe qiluralityadf meelspad® 204 andydser
di ode 206, a wavegui de 208, and a groove 212 may be di sposed on the




10 disposed near edges 201, 203, 205 of the bulk silicon substrate
202. The | aser di ode 206 and the wavegui de 208 nay be arranged such
that the hEPAWG4Ethani sm 170 of the MEMS devi ce 100 i BCHSGI00%@210
bet ween the | aser diode 206 and the wavegui de 208. The | aser diode
206 may be di sposed adj acent an edge 207 of the hol ding nechani sm
170. The waveg-ui de 208 nmay be di sposed0adj acent anot her edge 209 of
t he hol di ng' mechani sm 170 opposite to the edge 207. The wavegui de
208 may be ,a silicon wavequide chip or other photonics chip. The
groove 212 95Rgsed peanfdEes Zh Hh- 2Ryt tha bulksilicorsubgirate 202, i Therlassudiods 2060
202 to an end 215 of the wavequi de 208. The groove 212 may be
V- shaped. Pl thei Wavegpide 208 may| pasi suchéhatithe holding geechanisne t1G0 of 12
and the second wedge structure 174 of the hol di ng nechani sm 170 may
be formed MEMS geviem]Glhisslispessp ibetwsin thedaserdiods 206 and dleesavegiile 208 Theng
mechani sm 170 may be sized to hold a I ens 210. The lens 210 may bhe a
bal | | ens. lagérgli 21 be disposod adjocent guedgk 207 dfrhel haldfngheschidn (190.0-
an optical fiber). The fiber 214 may be di sposed adjacent to the
. wavegui de 288 wavkhguidENB8dmey de didfosediyadfudpntSinothep Gt 1200 6f the BoldigS
210 such that the lens 210 is aligned with the | aser di ode 206 and

t he waveguindehadiifh 17Theppasite®the aigé 1267) 0Tké REvEIRIEEIIS m]agol?e alqion
152a, 152b nay be limted by restraining portions 216. [0040] Figure 3

shows anot wevegaidahipariotik phsoiias 1oy BROzebvd 112 VMR GRS ad O ezz-iﬁi

AEMS devi ce 100 may be fabricated on a bulk silicon substrate

| . .
plurality efthebhiklsilpadSubiddte 2211898 endl205I8f 3QCvABchide WROOMR
be di sposed on the bulk silicon substrate 302. Tﬁ%lpl ural i ty&g%e%fy’al

pads 304 nmayy be Wilapeketh MpimpiaeRsatdR 2003 ARe ﬁ?s%egg’eo&m%ré ’1‘? i
I sposed a jacen?

silicon substrate 302. The | aser di ode 306 nay be

an edge 308Rcetd Wede@ubiuAg1 7EG RS helink/BechiliSm 70 cﬁfﬁrt lg@%éx%@c%/ By %PJ?() e

extend fromthe edge 307 of the bulk silicon substr

edge 311 ohisoliBpibeilidbn StcHRE BARLS MThS ﬂoﬂﬁﬁoﬁécthgrﬁérﬂ 156 816? dg %izgrf & hc:?(r| g
, thetirs

groove 308 may be V-shaped. In this inplenmentation 3

wedge strugdsn®. 152 1633 1b e g,eqcyaﬂ 14896 Re Exto'b%;ﬁfﬁrxﬁaylgeﬁcoﬂﬁﬁ&%fgh%lléj.jﬁ ng

mechani sm 170 may be formedy y €.g. an anrsotropic silico I 'nNg

process. Tiwer Bakdiend aﬁeé?ﬂlﬁm ﬁgériz 70mi0f sbles i\ézﬁgdlgev hﬁé%sg‘tg %&{5?%1; qg ethe

sized to hold a portion 310 of a fiber 312. r oo

conf i gur edydvecmkl@d slof ek ' 4 : j-ber T.

devi ce 100 naglmadjg?ﬁﬂ%ﬁ ?éﬁl&gp@}%&e}pﬁ%g?pédfgﬁsolﬁ%ezlteﬂsé?ﬁot %%ﬁ/ﬁfaber
312 is al iighrds Md 3 i | I QU shows a
portion of thgS 2@(aﬁpaFlgﬁ?drr‘g‘Iﬂg%géﬁgﬁgﬁg%ﬁoﬁﬁg&gﬁ%%ﬁ%&d}g@? TRV of
Fi gure 2b.,rki Halell p i an_arm .
structure oﬁ(%g%g%é e!a | {rg?isgg’nfnsgg’t fra%éi Kbirhe) r%ﬁﬁ@@%@&h&f“&?‘ﬁ%wﬁ?%r e
_-108) and a;gair of l|ocking el enents 404a, 404b (e.g. a first pair of
| ocki ng el enents 150a, | 50b, a second pair of |ocking elenents 152a,

152b) whe Vi t s,openating. r ture
402 may {]/de%gl ong ??je%:bt%l%g ﬁg‘ﬂg}e%@f&%ﬁw l‘i‘ﬂee“_”H‘SBEBﬁﬁéﬁ%mgz@e‘ifae
rove al ong Ca ok VERLS F58s 100 sy S Pt YO LR A0 e
402 may be,limted r ai ni ng..pprtions 412. The novenent of the

| ocki ng elpg'ﬁ%ﬂ'? °§B¥’E§‘¥Rﬁ‘§efs3to‘fé" ?Paﬁfr?c}égé)"o{ﬂﬁraé‘atar%‘?‘?’ﬂeﬁas “Bbfrbf’idéﬁﬁgse_df_l!.thel'he
or L1 ons. $ul sisp 75 e a° Sheiatylcy of Fsal D4y iposcepeedii
MEMS devi Slg& %\%?82 first pair of |ocking elenents is

di sengageg bor 3% 0P PAY of the by lf@%cﬂﬂéuh%tea:”%?ecg'hﬁ lgser diod¢ 306 ahayniee

el enents i s disengaged froma second armstructure. At 504, the first
and secondisposed adjacent an edge 309 of the holding mechanism 170. The groove 308 may




12 ann structures are noved. At 506, final positions of the first and
second arm structures are | ocked. [0043]Details of operating the MENVS
devi ce 100W&281Ue4051i bed i n the fol | owi ng. [0044] Bef or e pCEsGMENME0210
device 100 starts operating, the first pair of |ocking el enents 150a,
150b and the second pair of |ocking elements 152a, 152b may engage
with the first aimstructure 106 and the second arm structure 108
respectively, as shown in Figures 6a and 6¢c. The plurality of

protrudi ng portions 154 of the first pair of |ocking elenents 150a, |
50b may be Sxised fipaythe pdge 307 of thechuilk; siliean substeate 3@DtoodnotHer edger Xt ofriie
structure 106, and the plurality of protruding portions 162 of the
second pai Polgmgiraeskpnigmd 78 eppasite itha pdgbSPB. Thy gloeve Bi8ahaselk Vi3higag. In
respective cavities 144 of the second armstructure 108. The
plurality 8fis peplementatinp $U theofist Yedgectutthe [12rak e Bacshd Welsd Srutlf
may be received in the respective cavities 156 of the pair of |ocking
el ement s | $0hof thébbldirguechamisinl 170 ahaythe: fOfmed b3t d.¢ G RBisHIRSpid Qfsonlhdidyf
the second arm structure 108 may be received in the respective

cavities 1fwcass. The helitnnseqanitmaf7008ate MEMY QARRLD0 HaR%be 247 ?ggl%

[ 0045] Fi gure 6b shows an enl arged scanni ng el ectron m Croscopy

I mage of t petigl B1@EbS & Yibeif 31200tHe EbéveCiod Bay Heddbnfi rliohy
of protruding portions 126, 142 %nd t he ’ﬁ‘?%’urm | tl%ég?ﬂ{%%?ﬁnﬁ%# ? tres

158, 166 of14dfahdfibéra1! TheMENSdEHEk 1\ REY id; ' =
tooth structure 134, 146, 158, 166 may ha%jje é&g?f’%ﬁ %’}Ofﬁ%ﬁ erg?gsupcﬁ‘n

and a wi dt fatthegbdia 109 NRAGI FRiHe 1821000 ARd about 0.4 pm [0046] Once
the MEMS device 100 starts operating, a power may be supplied to the

| Cki ng. el et o LEor §aghr stot Gt thd SEhe i HFrRRER 2Rl e Vg

150b and tde0ice 400 3¢ Higtrt 287 Fiftk)s Mhicates respective movements of an arm structure
402 (e.g. a first arm structure 106, a second arm structure 108) and a ‘pair of locking
elements 404a, 404b (e.g. a first pair of locking elements 150a, 150b, a second pair of
locking elements 152a, 152b) when the MEMS device 100 starts operating. The arm
structure 402 may move along directions 406a, 406b. The locking element 404a may

move along directions 408a, 408b. The locking element 404b may move along directions

410a, 410b. The movement of the arm structure 402 may be limited by restraining

-

portions 412. The movement of the locking element 404a may be limited by restraining’
portions 414. The movement of the locking element 404b may be limited by restraining

portions 416.

[0042] Figure 5 shows a flowchart 500 of operating the MEMS device 100, At 502, a

first pair of locking elements is disengaged from a first arm structure and a second pair of

locking elements is disengaged from a second arm structure. At 504, the first and second



13 elenents 152a, 152b nmay di sengage and nove away fromthe first
armstructure 106 and the second arm structure 108 respectively in a
di recti on WO20WE4bwn in Figure 6d. [0047] A power rmay BEESG1989/000210
supplied to the first actuator 110 and the second actuator 112. The
first actuator 110 and the second actuator 112 nmay nove towards or
away fromthe first armstructure 106 &hd the second arm structure
108 respectively to nove the first aimstructure 106 and the second
armstructuyre 108. The first armsirpcture 1 d the second arm
Struct ure. FORSTRTRLUE Tovet ARCOR otfel BepHons Gihs TS o5 aveand AmEFigishaes
6e. [0048)After final positions of the first armstructure 106 and
t he secondaréﬂ?fﬁ‘@@'ructure 108 are determned (e.g. when the optical
component is aligned to _a |aser diode), the power supplied to the
first pair [83) ocBeHls of eppssting theMEMS|dsgise 4 Q¢ ane describesbindharfallowing.

| ocki ng el enents 152a, 152b may be switched off. The first pair of

| ocki ng el E9d¢k s Bstue theMMEMSddevine 5Wc stads 'operntingyfthé dirsti pair of damkiries
152a, 152b nmay nove towards the first armstructure 106 and the
second ai ntlsmentetlGba 1508 and iressrondepajr ofilocking elembnton 5248 5215 nlytagen
Figure 6f. [0049)A restoring force may be provided to both the first
pai r of | owkh thy fEseaeniteictuts 06 aniiSibscand drivestsenrnmbgpadpectikly, ackiond
el enents 152a, 152b to nove the first pair of |ocking elenments 150a,

150b and tinFigweotrwandaicr Th phoalic ofpretredibppetidsad ot Gtfirkasls of Mckinge
Anitial positions. However, since the first armstructure 106 and the

'second annelehenic 60 1508 igvee mevieed aney rkfpettiveleviic ABOMF (RO Sidt i:aRS
the plurality of protruding portions 154 of the first pair of |ocking

el ement s Idifiaturel HIH) amd tHe phalityeof petedingGottivnt 162 bEHRREohY Baft BY Idcking
130 of first armstructure 106, and the plurality of protruding

portions ldéneaits 158, $6270mdy bairécebkd i elei rigeatvermaities 15285 thl 22R ikl
not be received in the respective cavities 144 of the second arm
structure sthibure I08. The plurality of protruding portions 126 of the first am structure 106 may
be received in the respective cavities 156 of the pair of locking elements 150a, 150b, and
the plurality of protruding portions 142 of the second arm structure 108 may be received
in the respective cavities 164 of the second pair of locking elements 152a, 152b.
[0045] Figure 6b shows an enlarged scanning electron microscopy (SEM) image of
the plurality of tooth structures 134, 146 of the plurality of protruding portions 126, 142
— and the plurality of tooth structures 158, 166 of the plurality of protruding portions 154,"
162. Each tooth structure 134, 146, 158, 166 may have a pitch of about 6.4 pm and a
width ranging between about 0.2 um ﬁnd about 0.4 pm.
[0046] = Once the MEMS device 100 starts operating, a power may be supplied to the

first pair of locking elements 150a, 150b and the second pair of locking elements 152a,

152b. The first pair of locking elements 150a, 150b and the second pair of locking



[ 0050] I nstead, as shown in both Figures 6f, 6g and 6h, the first pair
of locking elenents 150a, 150b and the second pair of | ocking

el enent s 19W0Z010184U51 ray engage the first arm structure BOfysesdebdaeio
second arm structure 108 in a manner such that the plurality of tooth
structures 158 of the first pair of |ocking el enents 150a, 150b
interlock wwth the plurality of tooth ggructures 134 of the first arm
structure 106 and the plurality of tooth structures 166 of the second
pair of locking elenments 152a, 152b interlock with the plurality of

t oot h st ruélements 1528 1525 sy disengsgelamat mowt awrytfomethe st afh etrpdrare abb byd
of tooth structures 158 of the first pair of |ocking el enents 150a,
150b may béerseeadvod stmcttied 08 esprtvély & £divictior6021:3 6hd¥n inemfre 68t ar m
structure 106 and the plurality of tooth structures 134 of the first

arm st r uct (047106 Anpywdrenayertei beaappliad td e s BRGS0 GAY e isEHnd §Qul;
the first pair of |ocking elenents 150a, 150b. The plurality of tooth

st ruct ur es 115 6Tteffirsthenmee 0ol aibhe s@bnd 26kERA 18 LRSS 1dwitds orkaad 59RY
- be received in the respective cavities 148 of the second arm

structure @0%ira@sn shactilelnshid the 9coh® Hlstilchde 108" EpedfifiAb nﬁol%g g&%&”d
0

ann structure 108 may be received in the respective cavities

the secondappitfacaife |06 Kidle SLBHE RS sthERRe 100 2Rie 00 %m‘f‘rﬁx%'l%fsaahé
Cthe

of tooth structures 134 of the first armstructure P urai ty

of tooth Sfchitdtamntudthfe (s ﬁ%@&qﬂageﬁgg@ @5 Ualety Esesh%gfg’hr%%%enﬁge.

~plurality of tooth' structures 158 o r'st pair

‘el ement s 13648) 15ARer i) bgﬁtiﬂsuéfagxgtﬁrigégﬁ%%w 10K L 85 180n® anh "

second pnir of locking elements 15 e an’inc °e5%°8 _

of 1 ocki ng o are ped AL gL Be MARHE MBI BRIl HRRL S dolebiFe
stronger | Sabrng Pora upiied 268 A o8 BERRR hnfie 1o 1s0pand e esont o
106 and ¢ ESRORREng AL S kOB SERSRRIMELY Ul eekpthee fepal
106 and t R Ty B0 phf MoMleodt il SFIoLRR sicwenls 5%, Pt e e
t he secon r t he..secon air of |ocking elenents '
152a, 152%?@{:%%& fg‘r%g ﬁﬁ’??'%g“?“‘? gg? ﬁn‘gfhreusff%n%e f’t“'ff’4g°,C8 ff&%?“& Ty

be forned RSt '| % . udi ng portions 126, 142, 154, 162 by
a Iithogr%@éog%gg%gs:. ?‘%{rgégl ity of tooth structures 134, 146,

195, 15 Mg, 'RUBAANS 550, LB KR Db R RS
h 158, 66. h di iti
9001, <t s B30 o OB ARG S5 SRETSL N SR
AT BRI S =R R e SN

el enent s Egat.iSth.are ﬁ%t rest.ooreq back to the initial positions,
the rest orIhg o) POEBPS FRNGVEn Siffothe; Hirst argy stuchye |10G Rndh gheosesprsh armn
150a, 150bh and Hﬁg second gair gf “gckLng el enents 152a, 152bmay be
exerted oRmyHEelf i2ve maved aay frrw the grighnal Rasitions dhmplurslity ef protcuding

108 ‘respecti vel Therefore, a strong and stable I ocking force may be
exerted oRCIARS #"f g{lfig r“:lf‘fftsﬂa?’rd’(ftl‘éﬁk@glﬁ&ﬂ@ﬁﬁjl Mnel 30k sdth dothanestivadcinuhe
108 respectively. In this way, the final positions of the first arm
st r uct ur e TEREHYR GG O fust armrsisnature 06, and 68 piwlitp of potkdidg portions

162 of the second pair of locking elements 152a, 152b will not be received in the

respective cavities 144 of the second amm structure 108.



[ 0054] After the final positions of the first armstructure 106 and

t he secon I t ture 108 are | ocked, the power supplied to the
first act 3&63&@1{# nd the second actuator 112 may be sHFVRGRELP/9PFL0
Therefore, the optical conponent held by the hol ding mechani sm 170 of
t he MEMS device 100 can be held in place without any power 16
supplied to the first actuator 110, thd4second actuator 112, the
first pair of |ocking elenents 150; 150b and the second pair of

| ocki ng el S re. the. first agtyatar 110 d.the
secondgact at oi 1%%9%%@%@\%%%%W%8£f@&@ é}ﬁﬁ%gr%mr@%@s
and the second arms ctu 108 respegtively back to the initial
posi tions 5@?15? Stlﬁga’ng%?n‘%‘ﬁﬁﬁ‘fcf’%‘iipaﬂgmﬁﬂ%mﬁ wpenit 1328+ 2b may eagage thee
second act klator 112 s ig&'{ﬂg ed of f. Thus, no restoring force is

exerted onTHEP FYFMES, &g, esondh By smatwe 198 da rid manger seehy detithe
108. [0055] The, positioning and | ocking process described above and as
shown in FL]Q‘E?‘@EO °@§“BFF9‘FQHS%Bf§hﬁﬁF52H§h?@GCWE elementy | §aal 50bdntedork
and can be reversible. The final positions of the first armstructure
106 and t h#ith dheglarabityaf deoily strushuses1134 ofithy fisw atmo stestirad @hansi thaplusality of
wi t hout mai ntai ni ng power to the positioning nmechanisin 102 and the

| ocki ng netortirtmatuey 4 66 phtheErmd peiyiof locking elathents il A2 0524 inteplochvitietha
sinple inplenentation of the positioning nmechanism 102 and the

| ocki ng meplkestitysef tooth stryipfureN G ofl theisceond G smarura (168 AHy plafaligesfithtl
Pprovide a higher alignment and | ocking accuracy (e.g. about 0.1 pm

. step reSol shucwrgsskiisfaf the figst \pair Hiidoddny demants 150ar bS0LOmOPbLE eatkived iPthie N
ef ficiency of optical conponents can be advantageously achi eved. The
MEMS devi crgspedlvecenitise 13@pf the dirstrarh strusnra 1pé endthe pluril$ o PRSHAGHDE es

[ 0056] Figures 7a to 7d 'show schematic diagrans of the first actuator
110 and t hi84seabe firsh et atrosturk I1D6 mmyi begretdived fih s regyedtivet davities! 160 d0Be
and the second arm structure 108 respectively. Figure 7a shows the
first act uastopaiddDlonking ripmens F50a,51508r 1Ths tphitalitsof tdddP stnithdedigeed hon
702 and the second actuator 112 noving the second ann structure 108
in a direcktod paof lacliagrelcanmts 524 15pD wRYy bEcddedSh IR feftbcive BOfdas
the first armstructure 106 and the second ann structure 108. The
first ar mig@rofcthersecohdGuransinictiee 168 andl tiRNplurality of tooth structures 146 of the

second arm structure 108 may be received in the respective cavities 168 of the second

pair of locking elements 152a, 152b;

[0051]  The plurality of tooth structures 134 of the first arm structure 106, the

K/\"

plurality of tooth structures 146 of the second amm structure 108, the plurality of tooth'
structures 158 of the first pair of locking elements 150a, 150b, and the plurality of tooth
structures 166 of the second pair of locking elements 152a, 152b provide an increased
friction force between the first am structure 106 and the first pair of locking elements
150a, 150b, and between the second arm structure 108 and the second pair of locking

elements 152a, 152b. Thus, a stronger locking for'ce may be exerted on the first amm



17 structure 108 may then nove towards each other at a sanme speed.
Thus, an optical conponent 706 nmay nove upwards in a direction 708.

[ 0057] Fi gu¥@ 20/MiSks the first actuator 110 novi ng t heP€1/661008600210
structure 106 in a direction 710 and the second actuator 112 novi ng
the second aimstructure 108 in a direction 712. A same anount of
power nmay be supplied to both the firsttsarm structure 106 and the
second arm structure 108. The first armstructure 106 and the second
arm structure 10% gay then mpve away from each other at a sane speed.
Thus, the SPIGEE108 3R BKsatond @an simcture V@8 tranastivalyito Jock the dinalqwsitions of
714. [0058&;3}%%% 7c shows the first actuator 110 noving the first
arm st ruct gomisHueugsi 106 end &a seeoad emostiubwres8ond act uat or 112
moving the second armstructure 108 in a direction 718. A |arger
anount of [H8%&F ndip iberezsq fidtion dorcobdtieenshe firstiarat sMusturdIINGLLE He(st phite
first armstructure 106 and the second ann structure 108 may then
nove t owarefslockiol dements 15@ana5@b,, antiiete@achel sedofd SkmUGhistiR 1038 akiPihe
nove towards the first armstructure 106 .at a faster speed. Thus,

the opti catecomhpunefilockig ebemyentsohs2a,f 152b) the Giralitp of @fockth btfichuréll [RCHAQN
720. 100591Fi gure 7d shows the first actuator 110 noving the first

ar m st r uct 158 168 falyrbeafosthédead iheRespectiva BrbuiulRg HRAMAY 196 11Ut P4, 142by a
movi ng the second armstructure 108 in"a ' direction /724. A Targer

amount of Jjthogaphyerodres. STRDplQHEOF tédie sthichusds BUM A i 51Ct KE ﬁmaé%?ﬁ%r%\g&

first armstructure 106 and the second arm structure 108 ma

Dove tonangdmgedp reidtive o leRNME and WEBAH Hhideed! %§Eﬁ&9ﬂér£u%ﬁ§$%the

nove towards the second armstructure 108 at a faster speed.

'[722 Op'g_i8C &mﬁﬁﬂblﬂgﬁy BB Yool ¥euchir@M 442 fil6 ! 258 166 bnd ﬂle%og'iegp%ﬁ&ihg n
cavities 136, 148, 160, 168 may be increased which provide a higher friction force for
locking purposes. |
[0053] In addition, since the first pair of locking elements 150a, 150b and the second
pair of locking elements 152a, 152b are not restored back to the initial positions, the
restoring force pravided on the first pair of locking elements 150a, 150b and the second
pair of locking elements 152a, 152b 'may be exerted on the first arm structure 106 and the
second arm structure 108 respectively. Therefore, a strong and stable locking force may
- be exerted on the first arm structure 106 and the second arm structure 108 respectively. '
In this way, the final positions of the first arm structure 106 and the second arm structure
108 may be locked.
[0054]  After the final positions of-the first arm structure 106 and the second arm
structure 108 are locked, thé power supplied to the first actuator 110 and the second

actuator 112 may be switched off. Therefore, the optical component held by the holding

mechanism 170 of the MEMS device 100 can be held in place without any plower



[ 0060] The positioning nechani sm 102 can advant ageously provide a two

degree of sitioning of the optical conponent 706.
100611Figd%é§§@8§ﬁ§§5 a graph 802 of a displacenment of BhI/EFIH09/000210
structure against a voltage applied to an actuator. Figure 8a al so
shows a graph 804 of a displacenent of an actuator against a voltage

applied to the actuator. From graph 8026 it can be observed that a
vol tage of about 30 V applied to the actuator causes the arm

be obsor verlPPay @ R Bk ARAENP 418 84, st el AThO UG Rl iy o goridie

di stance c e 0 n n a valtage.of.about 30 V is_applied to

t he act uat %l?ﬁe%%i?%q,é?@b m\gé]g}eesﬁf’ W@%IIM@WS 1378, 1R3by lfusther, ghe
required tﬁqsgri ve tqioarg tructyre. The designed di spl acenment of the
ann st r uct It 2FHPH10 B n‘EF SeFand gotiat P grasvmors avay frema sthe (fisst arm
vol t age apflied Eo t he actuator to be |arger than 21V.éLgQ§2] Fi gure
8b shows aGFEFhHowndste seepnd srm sknevre 198 respsctvely hacketocthe initizl gasitets a
voltage applied to the | ocking el enent. From graph 806, it can be
observed t3#isr theproper snnplied o 1ag first getugpr Hidrand thesacong avtuntor iiR/is switehed

| ocking el enent away from a position that engages with the arm

st r uct ur e. *fFuFhusero resteaing ke isgxetteshanthe fmsharm shisthenidéandsiohecindaim

vi bration of about | Oy at about 2 kHz. 100631Figure 9 shows a graph
902 of a rtmetyreel®Boptical | oss against a voltage applied to the
ictuator. Figure 9 also shows a graph 904 of the neasured optical
‘ﬁoss agai 8953 di Bt posisiveing asfl leckingprocess deb@ibsd ahdvt ed af shotman FREes
di ode. From graph 902, it can be observed that the neasured optical

| 0ss is zefagogih eanybt implemehted bvithour PisnAlization nnd rcap ibe Y8¥ersible. CHiR il
observed that the neasured optical loss is zero when the optical
conponent Hositiohs efithe fivit tatm tshrectimsi@s add deaedond grm FRiudure 199 s H¥asiked
fromthe laser diode in the direction perpendicular to the opti cal
path). 19ndch@6erllyi githest dMBmtdining @bwshwmha fositishing RtRhasiN 102068 SEe Of
formng the MEMS device 100. Figure 10a shows a silicon wafer 1002.

Fi gur e 10Hockhgnemechanisos t104.ayEhe MEMS ofevidkicde depefehal pRAKR 2 shigist
surface 1006 of a silicon wafer 1002 and a second | ayer 1008 of oxide
above a sdémplkohesttidractthé Paditiafing heclinisinClon an@fiRNockipZmechBsishil08t The

| ayer 1004 of oxide and the second | ayer 1008 of oxide nmay be

deposi t ed MEMSeddviceel 00 ednouleo taleanfiigeqislysprotide @ HiPe ARAmbieadcl
surface 1010 of the silicon wafer 1002 by | ow pressure chem cal vapor

deposi t i oRccuRicgUe.g. At BNQWS step ka¥RiordhlR eﬂér).p%&%:fo&é,%ﬁﬂm?g&}é@ ob
first layer 1004 of oxide. The layer 1012 of "polysilicon y be doped

200 Shove o R B e e e e e i B TR
- device 100 can be applied in for example photonics packaging.
[0056] Figures 7a to 7d show schematic diagrams of the first actuator 110 and the
second actuator 112 moving the first arm structure 106 and the second arm structure 108
respectively. Figure 7a shows the first actuator 110 moving the first arm structure 106 in
a direction 702 and the second actuator 112 moving the second arm strzcture 108 in a

direction 704. A same amount of power may be supplied to both the first arm structure

106 and the second amm structure 108. The first arm structure 106 and the seconc.i arm



of polysilicon and the exposed first |ayer 1004 of oxide. The third

| ayer 1014 of oxide and the first |layer 1004 of oxide may be

patt er ned WAGIHYYHEY t 0 expose parts 1016 of the sili coRCTEEZ09/WONA.
Figure 10e shows a cavity 1018 etched in the third | ayer 1014 of
oxide, the first layer 1004 of oxide and the silicon wafer 1002.
Cavities 1021 may al so be etched in thegzthird | ayer 1014 of oxi de and
the first layer 1004 of oxide to expose parts 1023 of the silicon
waf er 1002. A fourth | ayer 1020 of oxide may be deposited in a
portion 109B@re 3% 1’&%&?@/ mayegowsrds Rechsethércasra seafeespedd) 0 Thes) dn rapyicdle
deposited over the ' exposed parts 1016, 1023 of the silicon wafer
1002. [00GETEWQQﬁQOQQﬁwgwﬁwmmHm@sUUM@HE@@ﬂﬂﬁatterned and etched in
the third | ayer 1014 of oxide, the first |ayer 1004 of oxide and the
silicon wdf 7]1003@@*@ ijowewts firCatturivy 1 bEmevinp eltk fist arm structure 106 in a
Tetra- Met hyl - Aimoni um Hydr oxi de. Figure | Qg shows that the third.

| ayer 1014liwttiok7Hd and dwesectmd haytor T1Q1R0whg K@ $666dd HRNsthsted SHET 4O
expose parts 1026 of the |ayer 1012 of polysilicon. Etched areas 1028

may be f ordirectiom? 2heA tshing embantest pdRdrimf be Ii’éﬂt@%ot}ﬁhg‘ﬁfs@mqﬁ)@tr&m
metal 1030 deposited in the etched areas 10 g in the third |ayer 14

of oxi de. 186lany alie 3£367d arim Biaichire 108, PRe ARPAH LR nROdod A4 &
that portions 1034 of the third | ayer 1014 of oxide anﬁkg p%%ggﬁﬁgb

1036 of t keudtmier 108 thay then LR abhy BblGcR bhef VLS Y
.gL metal. [0067] Figure lgl shghs t hat &afer thlﬁﬁ?h Xthﬂhgiﬁéné%%?

e secondompédeac 206LRAAPmle Bhenvwirds if QRi¥ARH14002. The second layer
1008 of oxide is renmoved. A fifth |ayer 1038 of oxide may be

d t ed ifGe .
eposi t ed [agE8pVe Hifde TE GRS ﬁﬂﬁﬁﬁ@cuﬁt&lﬂo%o\gﬁtgg'ﬁ:rétgﬁﬁ Mfe.fnﬁ% ay i,

Figure 10j shows a first trench etching perf

1038 of oxyirelRioANTI6t A Gl sesRl WREEE éi-?%gwxsn%aﬂliatsla@oﬁd %ﬂﬁ%ﬁ% blﬁ_lsf Qrred

inthe fifth |ayer 1038 of oxide an I con wafer

10k shows deciRACNS, A S0eLt Sidult ?ﬂ% %%ugﬁieggg dhd JCE%Hdl 3 es:[f%léft%? g

of oxide and the silicon wafer nche

the fifthiofyeahelf3Badh Yl fb%dantdnﬁer§ééf8<8%ﬂ'n\lf_@&§tﬁre vitles

1044 may be forned in the silicon wa ure % I5‘;{0‘8’eep

t 1006 f th
T con wer ery B0y MeE HoRERE gt SRS oﬁer Ba G

| ayer 1020m0tmeridaogng at ﬁe dé&??%%gﬁioa&&?%o+18? ntt7&6r1‘§%]_(:£’fei’i 8141112

An oxide strip nay be per ures

second exggmlt@w&,g qﬁggéonof orm.ng the MEMSI device 100. Figure |
| a shows a silicon wafer 82 Figure 1 | b shows a first layer 1104

of oxide figRep t gD gamsthe st B 89G0 105, O oLl Gon, vaf e, 1102

7and a second 1 ayer 8 of oxi ove ‘a Sseco

I 04 f d dth
Tayer 11005 ‘°%i7?%em§r§§e s %5%@%“‘? 7 xR P afGnd By aonee i dp
f 1 h 111 f I f 1102 b
Tow pr essirgiBn ok & lﬁaﬁﬁ%"lﬁepoﬁé’fm RURRlER 13 g CE gy Sarug dps.
1112 of pﬂxey ﬁrsk 52 Ve AREC106 and the second arm structure 108 may then move towards

each other. However, the first arm structure 106 may move towards the second arm

structure 108 at a faster speed. Thus, the optical component 706 may move from left to

right in a direction 726.



21 the first layer 1104 of oxide. The layer 1112 of polysilicon.my
be doped and patterned to expose the first layer 1104 of oxide.
10069] Fi g¥@241044408hows tooth structures 1114 forned i nPETHIGIPIWP210
| ayer 1104 of oxide and the silicon wafer 1102. Oxide 1116 may be
deposited in the tooth structures 1114. Athird layer 1118 of oxide
above the layer 1112 of polysilicon ani8the exposed first |layer 1104
of oxide. Figure | e shows the third layer 1118 of oxide and the
first |aye 04 oxi,de ,patterned to expose parts 1120 of the
silicon waf"& 11022 pPYLiening mpeehagigp k02 cap advaptageonsty peavidredl twe dedses of
third | aye 118 of, oxide, the first layer 1104 of oxide and the :
si | i con wefgAompgsitioning of theoptica) egmponsut 786. oxi de may be deposited in
a portion 1126 of the cavity 1122 in the silicon wafer 1102 and may
be deposi t 8861y er Fighee tahowsa gsenht 80210f 20lisplacerhent of b expm stvactere agdifi? a
100701Figure 11 g shows a groove 1128 patterned and etched in the-

t hird | ayevoltagelapplied texangastuatdye Figures8a dlsnyshowd d @raplo B0bod didisp g miehof an
silicon wafer 1102. The groove 1128 nay be etched in

Tet r ar Vet taguatomagainstra voltigenpplied téitlpuactatoth Fednowiaph 1882, it ben bBbb@rved

| ayer 1118 of oxi de above the layer 1112 of polysilicon is etched.
Met al  113Charmyvddiegel ep alsiut 80 W appiliad tethehedatar CaseskAd 2 Bridige o a

| ayer 1118 of oxide. A layer 1134 of netal may be deposited and

pat t er ned didtaie ol abowostt &ﬂﬂ%r&ﬂsﬁ%a 804) 6t dalli Vebbk@VET thAd i RfuafdX iagﬁ
7and a portion .1138 of the fourt ayer 1124 of oxide are covere By

the layer Jid3fe Rhaimptval mE\;eg? agﬁ.ﬁcé L]low%uﬁ,f Wn%_ géﬂ?dggfuf”a%o&%’ J 9rioed

on the second surface 1110 o e sil1con warer he 'second

| ayer 110 [ ' A fifth r 1140, 0f oxide may he
deposi ted%g]%%\‘/ice}ét eaéstg%t-éﬁgﬁgeg%? ace g%teff%f) dloS’?1¥ ? s né?ﬁhg 8 H?rre‘i%g to
[ 0071] Fi gugs j fiqrs et chi.n erformed in the fifth
| ayer 1143151 g? @xﬁ%%ﬁ' hiéﬁesclieflfgé%&n&\?%?cg?wffgﬁﬁe TRANPPRE 131415 examuple, o
formed in.the fifth | r 1140.of 22 qxide and the si|icon wafer
1502 i it BoPAZSh A EE el S vo i pesdit I g oosea e B breeR BRI ¢ ¢
| ayer 114 oxi.de a he silic fer 1102. Trenches 1144 may be
f or med in??o(r?fé] fi rfgﬁ“r' 38@ oVsy 28raplt 4P ReisplagemeRS of p lqckiag cleaieat aginya
Cavities 1146 mm .bqe/: fo%:ied in the siljcon wafer 1102. Figure 111
shows a dé&8 gFe”Qﬁ‘F_ o °§{"BﬁieﬁFd“ﬁ9&rfF69WP§bgﬂ§e“tW§ bq pherved thayde
1106 of the sili con waf.er 1&3&. Cavities 1148 ngé be formed through
the fourt KP9EE%:F Vaitags of mogs fan 16\]tq mevedhe Jockine glsment awayArqmg apretion

trenches 1144 and mﬁ%%f?af ormed t-hrough the oxide 1116 in the tooth
st r uct ur e&$0%4 FREREEY W1 ¥ SEectyre, gFuriher, ghe decking ¢lpmentcapewithstand a

erforned.
....(-p mechanical vibration of about 10g at about 2 kHz.

—~ [0063] Figure 9 shows a graph 902 of a measured opti‘cal loss against a voltage'
applied to the actuator. Figure 9 allso shows a graph 904 of the measured optical loss
against a displacement of an optical lensed fiber from a laser diode. From graph 902, it
can be observed that the measured optical loss is zero at a voltage of about 42 V. From
graph 904, it can be observed that the measured optical loss is zero when the optical

component is aligned with the laser diode (e.g. zero disi:lacemcnt from the laser diode in

the direction perpendicular to the optical path).



[0072] Whi | e enbodi nents of the invention have been particularly shown
and described with reference to specific enbodinents, it should be
under st oodMB2HHH4BIski | led in the art that vari ous chaRGESGRHarm
and detail may be nmade therein w thout departing fromthe spirit and
scope of the invention as defined by the appended clains. The scope
of the invention is thus indicated by tte appended clains and al
changes which cone within the neani ng and range of equival ency of the
clainms are ng efqre inﬁ&nded to be enbraced. 23 gAnrs What is
claimed isl i croBietlYolfelflashrvaa fisy sxamplayans)ess of fowing the MEMS
coMpri singt. a positioni ng mechani sm conprising: . a first arm
structure H&GfnHPOa Higyre d Uxshowsasilicar wafes 009 Figue 10icshowa afiratdaydr 200
structure having a first surface and a Second surface; wherein the
first surfgEexigy depeaitad; absve a firsh swace d006r of of siliven viafier 1002 aid & sechad Riye -

the second arm structure; :
1008 of oxide above a second surface 1010 of the silicon wafer 1002. The first layer

1004 of oxide and the second layer 1008 of oxide may be deposited respectively above
the first surface 1006 and the second surface 1010 of the silicon wafer 1002 by low

pressure chemical vapor deposition. Figure 10c shows a layer 1012 of polysilicon above

- _ the first layer 1004 of oxide. The layer 1012 of pelysilicon may be doped and pattemed
to expose the first layer 1004 of oxide.
{0065] Figure 10d shows a third layer 1014 of oxide deposited above the layer 1012
of polysilicon and the exposed first layer 1004 of oxide. The third layer 1014 of oxide
and the first layer 1004 of oxide may be patterned and etched to expose parts 1016 of ﬁle
silicon wafer 1002. Figure 10e shows a cavity 1018 etched in the third layer 1014 of
oxide, the first layer 1004 of oxide and the silicon wafer 1002, Cavities 1021 may also
be etched in the third layer 1014 of oxide and the first layer 1004 of oxide to expose parts
1023 of the silicon wafer 1002. A fourth layer 1020 of oxide may be deposited in a

e portion 1022 of the cavity 1018 in the silicon wafer 1002 and may be deposited over the’
exposed parts 1016, 1023 of the silicon wafer 1002.
[0066] Figure 10f shows a groove 1024 patierned and etched in the third layer 1014
of oxide, the first layer 1004 of oxide and the silicon wafer 1002, The groove 1024 may
be etched in Tetra-Methyl-Ammonium Hydroxide. Figure 10g shows that the third layer
1014 of oxide above the layer 1012 of polysilicon is etched to expose parts 1026 of the

layer 1012 of polysilicon. Etched areas 1028 may be formed in the third layer 10.14 of



a firat actuator disposed adjacent to the second surface. of the fast

arm stru re facing away fromthe second armstructure; and a
second acﬁ&gtzgjrmg?og]posed adj acent to .the second surfacBEBGI0p000210

second armstructure facing away fromthe first arm structure;
a | ocking nechanism conprising; . a first pair of |ocking elenents
arranged such that each |ocking elened®is disposed at two opposite
side surfaces of.the first armstructure between the first and second

. Al t X . [ f lockin
ol erents aPihgabieon fehem sl Generia S e rbeioah sn s ard e
[ ' f f d- t. t ' between the
Frrat and ME sty A 97 ohBelments dropsi-dpdetismed soch Upicrestions
the first ' ' f locking elenents are configured to
engage i t [1541 85 CEHSATS O Bt SReoriaorioa o6 okion pusthdsset § tafionise

respectively. )
P ar}a/ covered by the layer 1032 of metal,

[6067]  Figure 10i shows that wafer thinning is performed on the second surface 1010
of the silicon wafer 1002. The second layer 1008 of oxide is removed. A fifth layer 1038
of oxide may be deposited -above the second surface 1010 of the silicon wafer 1002.
W Figure 10j shows a first trench etching performed in the fifth layer 1038 of oxide and the
silicon wafer 1002, Cavities 2040 may be formed in the fifth layer 1038 of oxide and the
silicon wafer 1002.' Figure 10k shows a second trench etc;hing performed in the fifth
Iayer 1038 of oxide and the silicon wafer 1002. Trenches 1042 may be formed in the
fifth layer 1038 of oxide and the silicon wafer 1002. Cavities 1044 may be formed in the
silicon wafer 1002. Figure 101 shows a deep reactive ion etching performed above the
first surface 1006 .of the silicon wafer 1002. Cavities 1046 may be formed through the
fourth layer 1020 of oxide and the 'silicon wafer 1002 to the trenches 1042. An oxide

strip may be performed.

(-~

[0068]  Figures 1la to 111 show a second exemplary process of forming the MEMS'
device 100. Figure 11a shows a silicon wafer 1102. Figure 11b shows a first layer 1104
of oxide deposited above a first surface 1106 of a silicon wafer 1102 and a second layer
1108 of oxide above a second surface 1110 of the silicon wafer 1102. The first layer
1104 of oxide and the second layer 1108 of oxide may be deposited respectively above
the first surface 1106 and the second surface 1110 of the silicon wafer 1102 by low

pressure chemical vapor deposition. Figure 11c shows a layer 1112 of polysilicdn z;bove



24 2. The ME/v1S device of claini 1, further conprising a

hol di ng mechani sm the hol ding nechani smconprising a first wedge
structure ROSPYEBESA:t the first surface of the first ar RCEISGAWPA00210
and a second wedge structure disposed at the first surface of the
second armstricture. The MEMS device of claim 2, Wherein a

sl oping surface .of the first wedge stRlicture faces a sl oping surface
of the second *edge structure. The MEMS device of clains, Werein the

sl opi ng surfagce of t firs, dge structure and the sl oping surface
of the seé*a?@%ﬁ&fgeﬂ?# ot exids-o The Byddni? plradysiticon may be slepesharidpatterned

conponent S. The I\{gl\/gésdivi ce of claim4, wherein the optical conponent
conpri ses’ & FRPREe §F LSt avgy 104 of oxide.

[0069]  Figure 11d shows tooth structures 1114 formed in the first layer 1104 of oxide
and the silicon wafer 1102. Oxide 1116 may be deposited in the tooth structures 1 114.. A
third layer 1118 of oxide aboye the layer 1112 of polysilicon and the exposed first Iay;r
1104 of oxide. Figure 1le shows the third layer 1118 of oxide and the first layer 1104 of
oxide pattemed to expose parts 1120 of the silicon wafer 1102. Figure 11f shows a
e cavity 1122 etched in the third layer 1118 of oxide, the first layer 1104 of oxide and the
silicon wafer 1102. A fourth layer 1124 of oxide may be deposited in a portion 1126 of
the cavity 1122 in the silicon wafer 1102 and may be deposited over the exposed parts
1120 of the silicon wafer 1102,
[0070]  Figure 1lg shows a groove 1128 pattern.cd and etched in the third layer 1118
of oxide, the first layer 1104 of oxide and the silicon wafer 1102. The groove 1128 may
be etched in Tetra-Methyl-Ammonium Hydroxide, Figure 11h shows that the third layer
1118 of oxide above the layer 1112 of .polysilicon is etched. Metal 1130 may be

deposited in the etched areas 1132 in the third layer 1118 of oxide. A layer 1134 of metal

- may be deposited and patterned such that portions 1136 of the third layer 1118 of oxide"
and a -portion 1138 of the fourth layer 1124 of oxide are covered by the layer 1134 of .
metal. Figure 11i shows a wafer thinning performed on the second surface 1110 of the
silicon wafer 1102. The second layer 1108 of oxide is removed. A fifth layer 1140 of
oxide may be deposited above the second surface 1110 of the silicon wafer 1102.

[6071] Figure 11j shows a first trench etching performed in the fifth layer 1140 of

oxide and the silicon wafer 1102. Cavities 1142 may be formed in the fifth layer 1 140 bf



The MEMS device of claimb5, wherein if the optical :conponent

conpri ses wohffosie MEMS device further conprises a wavegu :
The MEMS device of claim5, Anmended Sheet REA/AU 25 %&E@%ﬂglﬂﬂ

if the optical conponent conprises a fibre, the MEMS device further
conprises a groove configured to hold %ge fibre. 8.The MEMS device
of any one of clainms I. to 7, wherein e first armstructure
conprises a plurality of protruding portions disposed along a

portion or ogdyeed &e%illcbh%rafém 163. dﬁgﬁérlflﬁﬁﬁ'évsodc sebOifl trdifcf becRid performed

structure facing the first pair | ooki ng el enents. .
in the fifth layer 1140 of oxide and the silicon wafer 1102. Trenches 1144 may be
formed in the fifth layer 1140 of oxide and the silicon wafer 1102. Cavities 1146 may be
formed in the silicon wafer 1102. Figure 111 shows a deep reactive ion etcl;ing
performed above the first surface 1106 of the silicon wafer 1102. Cavities 1148 may be
formed through the fourth layer 1124 of oxide and the silicon wafer 1102 to the trenches
1144 and may be formed through the oxide 1116 in the tooth structures 1114 to the

o cavities 1146. An oxide strip may be performed.
[0072] While embodiments of the invention have been particlularly shown and
described with refe-rence to specific embodiments, it should be understood by those
skilled in the art that various changes in form and detail may be made therein without
departing from the spirit and scope of the invention as defined by the appended claims.
The scope of the invention is thus indicated by the appended claims and all changes

which come within the meaning and range of equivalency of the claims are therefore

intended to be embraced.
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9. The MEMS device of claim8, wher ei n each protruqmggwgghlAghlzan
is spaced apart froman adjacent protruding portiOn by.a cavity
10.-The MENG device of clains a or 9, - " wherein each protrudlng
portion of the first arm Structure conﬁ%lsea a pluralloj of tooth-
structures, . The MEMS devi ce of claim 10, wherein each tooth
.Structure |§L9ﬂhﬁbd apart from an ddj aoent tooth structure by a
cavity. 12. The MEMS devi-ce of any one of clainms 1 to 14,
wherein thefirsi pair of |ocidng elenents conprises a plurality of

protrudi hg Portions. 26
What is claimed i isi

1 A microelectromechanical system (MEMS) devi_c.q, -compxising:
a positioning mechanism comprising; |
. & first arm structure having a first surface and a second s.u.rfacc;
-4 second arm structlire haﬁng & first surface and s second sm:.'fe;c;:'

D ' wherein the first surface of the first arm structure faces the first surface of.

the second arm structire; |

a first actuator disposed . adjacent to -the .scc‘ond surface. of the f&st an'n

sn'u.cm:"e facing away from the second arm structufc; and

a setond actnator disposed adjace,n.i to.ﬁle second surface of the second

arm structure facmg away from the first anm 51:uctun:; |
a lod‘k:m.g. mechanism, comgrising:

. a first pair of locking elements arranged jsuéh that es;ch locking cilemc'nt is .
dispusgd at two opposite side surfaces of the first amm structure Egtween.'
the first gnd se.éond surfaces of the first arm Struéture; and; |
a second pair of locking él;ements arranged such that each lo-ckx'ng elerr.xent

s dmposed at two OppC)Slte side surfaces of the second: arm structure -
betwcen the first ancl second surfaccs of the second a.m1 structure; |

wherein the first and second pairs of I_oclung- E:lemants are configured fo engape

with and disengage from the first and second arm structutes respectively.

Amended Sheet
IPEA/AU



13. The MEMS device of claim12, - wherein each pr ot$&§;T/S%2029/Ofggi?
portion is spaced apart froman adjacent protruding port Y5 g b1
cavity. 14. The MEIVIS device of clainms 12 or 13, wherein each

" protruding. portl on of the fast pair of 2docking el ements conprises.a’
plurality of tooth, structures 15. The M MS devi ce of claim 14,
wherein each tooth si ructure is spaced aphrt from an adjacent tooth
structure by a cavity. 16. The MEMS devi ce of - any one of ¢lains Ito

15, wherein 1.he m@gmh,;geml&tgfgﬁgp{e conpri ses a plurality of
protruding portions disposed along’a portion or a whole of the two

. si-de surfaces of RyaRr 366 SR GE a he_secon air of .
_locking elements. 17. -The MEMS delv?ceeyl(;) SInf gtle%%lcéng me&mstB?‘BPﬂn%éch .

protruding Fﬂﬂﬂwﬂ@ebﬁuﬁﬁa@i@ﬁbséﬁ&rtﬁ HPM&: PEALL A -
portion by a cavity. oo %@ﬁx@{‘&m srn%"me aidd second

wcdge stmcture disposed at the first surface of the second arm sfructure,

23 The MEMS device of claim 2,
iavhertain a slo}:ing surface of the first wedge stucture faces a sloping surface of

I - “the second wedge structure.

: 4 The MEMS device of claim.3,
wherein the sloping surface of the first wedge structure and the sloping surface of

. the se.Cdnd wedge strucrure are configured to hold an optical component.

5, - . The MEMS dt:vice of claim 4,

wl_-terem the optical component.comprises a lens or a fibre,

6. The MEMS dewce of‘claxrn 5,.

A | . ' wherem 1f the opncal component compnses a Iens, the MEMS de\nce further

compnses a wavegmde

-7. . TheMEMS device 6fclaim 5, . -

* Amended Sheet
IPEA/AU
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18. The MEMS device of claims 16 .or 17, 27. = whereiRe&af o 6A il 2011
- protrudi ng portion of the second’ armstructure conpri ses a plura }%

of tooth structures. 19. The MEMS device ,of claim 18, wherein each

tooth 'structure is spaced apart from &n adj acent tooth structure by

"a cavity. 20; The MEM5 device of any one of clainms Yto 19; wherein

thei second pair ohetdciidgoglcengiiango BRE6Ss Qibfél H{eai{/[EMé fice ﬁmher
pr ot rudi ng portions. "21. The MEMS device of clai
comprises a groove configured to hold thc fibre.

8. The MEMS device of any one of claims 1, to 7,
- wherein the first arm structuré comprises a plurality of protruding portions
disposed along a portion or a whole of the two side surfaces of the first arm stmctu;-e

facing the first pair of Jocking €lements.

b _ 9. | The MEMS device of claim 8,
wherein each protruding portion is spaced apart from an adjacent protmdmg

pomon bya cawty

10.  The MEMS device of claims § or 9,
wherein each ptotrudmg portion of the first arm structure compnscs a plurality of -

tooth structures,

11.  The MEMS device of claim 10,

wherein each tooth structure 1s spaced- apart from an adjacent tooth structure bya

( - cavity.

12.  The MEMS device of any one of claims 1 to 11,
. ‘wherein the first pair of locking elements comprises a plurality of protruding

portions.

Amended Sheet -
IPEA/AYY -
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wherei n each protruding portion is spaced apart from an ﬁﬂkﬁ%ﬁ@gmgﬁggg%?
protrudi ng portion by a cavity. 22: The . MEMS devi ce of clalns dﬂ%r

21, Wherein each protruding portion of the second pair of |ocking

el enents conprises a plurality of tootR6structures. 23. The M EMS
device of claim 22, wherein each tooth structure is spaced apart from
an adjacent tooth 'structure by a cavity. 28 -24. The MEMS device of
any one of clainms 12 to 23, - wherein in an initial stage, the
plurality ofl3proTheMBEMS poidei0asinOf> t he first pair of |ocking

el ements are received in the respective cavities of the first arm

structure and t hevhprleiar edch tprotaidingr itiod 4k REacR® 2bdP RS Ohn cond,.pai r
of lockirig elenents are receirved in the resp}écti ve ca%f&??e(ﬁatgmg&"q'ﬁ%
second arm gertigabMereadtych that the first and second pairs of | ocking
el ements are engaged. Wth the first and second arm structures
respectively. 25. The 1lvMLvl S devi ce of claim 24, '
14.  The MEMS device of claims 12 or 13,
whcr;h each protruding portion of the ﬁrst"pair_ of locking clements comprises a

plurality of tooth $tructures,

15.  The MEMS device of claim 14,

whercin each tooth structure is spaced apart from an adjacent tooth structure by a

cavity,.

16.  The MEMS device of any one of claims I to 15,
wherein the second arm structure comprises a plurality of protmdih'g poftions

disposed along a portion. or a whole of the two side surfaces of the second arm structure

facing the second pair of locking elements.
( - 17. ' The MEMS device of clairn 16,
. wherein each protruding portion is spaced apart from an adja&cnt i;rotmding-

portion by a cavity.

- 18,  The MEMS device of claims 16 or 17,

Amended Sheet .
IPEA/AU
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wherei n when a power is supplied.to the first and secoq@mﬁﬁka%sq§3ﬂ2011
e

| ocki ng el enments, the first and second pairs of |ocking elenents
adapted .t o di sengage and- nove away fromthe first and second arm -
structures respectively. 26. The HEMS deévice of claim25, wherein
" when a.power is supplied to the.first and second actuators, the first
~and second act uatdesinamel EoRERCb o bIEIVR s&&ﬂ@m_sn%tu?é’}%}ﬁpgée%‘ Mﬂﬁi&y
first and second arm structures respectively to nove the TSt an
‘'second ar m € tagdt suetsres.27. The MEMS device of clai m 26, wher ei n when
t he power supplied to the first and second pairs of .I'ocking el ements
li switched .off; the 'first and second pairs of |ocking elenents are.
adapted to nove towards the first and .second aim structures '
respect i vel Y?suchhe MEMS desicppinlaimiiBy of teeth 29 structures of the
first and second pairs of locking *elements interlock with the :
plurality of teetReréinredytpetestrusture hyopdced sitartainch seaiurcht adoh Sl B £
respectively. .28. "A nmethod of operating a m creel ectronmechani cal
system (ME Vi¥fevi ce, the method conprising: disengaging a first pair
of . | ooking elenents froma first armstructure and di sengagi ng a
second pair of locking elenments froma second arm structure;

: 20,  The MEMS device of any one of claims 1'to 19,
() ‘ ' ‘whérein the’ second pair of locking elements comprises a plurality of “protxﬁd‘ing
. portions. o -
21, The MEMS device of claim 20,

wherai.rf each protruding portion is spaced apart from an adjacent pr_btrﬁding -

portian by a cavity.

22.  The MEMS device of claims 20 or 21,

+ wherein each protruding portion of the second psir of locking élcmem_s comprises

a plurality of tooth strﬁbturcs.

23, The MBMS device of claim 22,

. wherein edch tooth structure is spaced apart from an adjacent tooth stracturé bya

cavity,
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novi ng the first and second arm structur es towards or aV\HUceNea%E}QﬁJﬂzou '
-other, and 1ocking final positions of the first and second arm .
'structures 29. The nethod of cl ahn 28, wher ei n di sengagi ng the
first palr of | ocking el enents fromthé8first arm structure and.

di sengagi ng the second pair of locking elements fromthe second-anis

structure ' conprises supplying a power.to the first palr of l'ocki ng
el ements ‘and the second pair of |ocicing elenments such that the first

“pair of |ocRéng H%We&hdoﬂdﬂ@oﬁﬁfi@ﬂ&:g@lthm | ocki ng el enents
nove away the first armstricture and the seeond tam structure

respecti Vel y. 30wheTéie imret ingtihl stfigecthabiulin 6t postrudthe PORBLELARDRY P tthe
first and second arm structures conprises supplying a power 10" a

first actualosking glepronie stetreceivied $1 tharapeativelietiMELoRRSASLRR] sYﬂu&greaanﬁ’
to a second actuator to nove the second arm structure. he
met hod -of aPraRefroteingportioss ¢fohad@ond pair of locking elements are recewed in the

_ rcspootwe cavities of the second arm structure such that the first and second pairs of |

locking clements are engaged with the first and second arm structures. rcspeoti\?oly.‘

Y 25. The MEMS devme of claim 24

whercm when a poW&r is sum:hcd to thc first and sccond pairs of locIong
‘ elemerits, the ﬁrst and socond pairs of locking elements are adapted to. diséngage and

. move away from the first and second arm structurés rospectwoly.

| 26, The MEMS dovice of claim 25,
wherem when a power is supplied to the f rst and second actuators, the first and
second actuators are adapted to move towards or away from the first and socond ann

-structures respeonvely to move the fi st and second arm structures,

{ ~ 27.  The MEMS device of claim 26, :
) whenem when the power supphed to the ﬁrst and. second pa.u's of lockmg clemcnts
is swnched off the fi irst &nd sccond pairs of lockmg cloments are, adapted to move'

towards the ﬁrst and sccond arm strucrures respecnvcly such that the plurality of teeth
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. wherein Iadking final positions of the :first and secoqg 06 April 2011
structures conprises swtching off-the power supplied to ?%e 9 53’
pai.r of |ocking elenents. and the second pair of |ocicing el enents
such -that the first pair of |ocking el®ents and the second pair. of

| ocking el ements nove towards and engage the first ann structure and

the second angudsidr@iosia 8R6L a%?hf’loclqé%elez%mln % iR xﬁ{]tga”%@”e of

clainms 28 to 31, : further npr|S|n 1'Ng 0
supplied t Otokth Giridnired ofald (a8 seam H%ﬁéﬁﬁ%@&%@t or.

28. A method of operatmg a m1cmelectromechamcal system (MBMS) device, the
method comprising: ‘
dlsengagmg a first- pair uf Iookmg elements fr(;m a first arm structure and
dxscngagmg a second pa1r of locking elements from a second arm strucmrc,
. movmg the first and second arm struc.tures towards or away from each other' and

N " locking final positions of the ﬁrst and second arm strustures.

29; The mcthod. of claim 28,

wherein dlsengagmg the ﬁrst pa:r-of Iockmg elements from the first arm structurlc_ '
and disengaging the sﬁcond pair of lockmg elements ﬁ'om the second arm structure :
comprises supplying a power'to the first pmr of lockmg elerments and the second pair of
locking elements such that the first pair of lockmg clemcnts and the second pau' of -
Iockmg elements move away the ﬁrst arm structure and the seéond arm. structure

. respectively.

{ .30, The method. of claims-28 or 29,
wherem moving the first and second arm stmctures compnsas supplymg a power
to a ﬁrst actuator to move the ﬁrst am’ structum and supplylng a power to a second

- agtuator to move the secn_:and arm structure,
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30

31. The method of any one of clalms 28 to 30,

wherem lochng final posmons of thc first and sccond arm strucrures Compnses
sthchmg off" thc powcr supplied 1o the first pair of locking clements and thc second pa1r
- of locking elem_ents such that the first pair of locking elements a'nd' theé second pair of
locking clcmentsmovle towards and engage the first axlx_n_ stn_:cfurc-and the second arm

structure respectively.

32. 'The n’iethod of any one of claims 28 to 31,
further-comprising sw1tchmg off the power supphcd to the ﬁrst actuator and the

second actuator
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