M CRCELECTROVECHANI CAL SYSTEM ( MEVMS) DEVI CE, METHOD OF OPERATI NG THE SAME,
AND METHOD OF FORM NG THE SAME TECHNI CAL FI ELD [ 0001] Various enbodi nents
rel ate gewenraldm4dso a m croel ectronechani cal system ( VEWBY/sdesiome)21@ net hod
of operating the MEMS device, and a nethod of form ng the MEVS devi ce.
BACKGROUND [0002] Wth a requirenent of a smaller footprint for

sem conduct or and phot oel ectroni cs packages, m croel ectronmechani cal system
(MEMS) technol ogy has energed. A higher precision of positioning snall
conponents .is thus required. Actuation nmechani sns have been used in the

MEMS t ec hnMIGCROELEGIROMECHANICATIPSYSTEM (MEMS)DEVICE; METHODPOBb! em of
| ocki ng the conponents in position. [0003] Conventionally, the conponents

vere fixed i NOREROSTING THE SUME SAND METHOD 'GF FORMINGOME 3AME Ve.
However, the positions of the conponents may shift after curing of the

epoxy adhe5|ve due to stress inside the solid epoxy. Such problens al so
exist in ' cases where thernoplastic naterial was used as glue to hold the

conponents in place. [0004] Pasfk&ﬁghﬁ? rack- and-t oot h mechani sns
were also used to keep the conponents in pOSI?IOﬂ Fbmever a preC|se

al i gnnment eqyired by.t ssive | oc nd the ra
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MEMS device.

BACKGROUND

[0002] With a | requirement of a smaller footprint for semiconductor and
photoelectronics packages, microelectromechanical system (MEMS) technology 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
of the epoxy adhesive due to stress inside the solid epoxy. Such problems also exist in'
cases whefe thermoplastic material was used as glue to hold the components in place.
[0004] 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



(MEMS) device including a positioning nechani smand a | ocki ng nechani sm
The positioning nmechanismincludes a first armstructure having a first
surface awmoaime@nd surface; a second arm structure haecmgGaomonetio sur f ace
and a second surface; wherein the first surface of the first armstructure
faces the first surface of the second armstructure. The positioning
mechani sm al so i ncludes a first actuator di sposed adjacent to the second
surface of the first armstructure facing away fromthe second arm
structure; and a second actuator disposed adjacent to the second surface of
t he second0®Sh stlnuen uerabddamentg thexayisf pronidetiea f micseelatnomsthanidalirsysteffine

| ocki ng mechani smincludes a first pair of |ocking elenents arranged such

t hat each (MEdMS)ndevidee imehidirigs a Giosifioniag mMichhniemozidos ilbckigy drchdnishaceFheof t he
first armstructure between the first and second surfaces of the first arm
St ruct ur epogdifichifg GRERAEkD Ficludef a P& kA GtraLRFAERHVEngdd AN Saehcs WaH atB@ingeach

| ocki ng eFement I's di sposed at two opposite side surfaces of the second arm
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structure. The first and second pairs i ng e enents are con |gured to

engage W tﬁ{Ps @B‘x?%cgooz‘%ﬂgﬁgs‘? ARl éé § ?ﬁe ﬁ&?gﬁ—gr g%@'taers%‘c&t té{me

respective N anot her  ermoar rovi et fiod of
operating vi,ce,
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di sengaging_.a s pai r of |ocking el s froma second ar m st ructure;
movi ng t h&Irface Q? %Hﬂs%@éﬁﬁcﬁferﬁa‘é‘flg avey e, tﬁ%mom%@m figictrgand gsssondons  of

the first and second arm structures. )
actuator disposed adjacent to the second surface of the second arm structure facing away

from the first arm structure. The locking mechanism includes a first pair of locking
elements arranged such that each locking element is disposed at two opposite side
surfaces of the first arm structure between the first and second surfaces of the first arm
structure; and a second pair of locking elements arranged such that each locking element
is disposed at two opposite side surfaces of the second arm structure between the first and
second surfaces of the second arm structure. The first and second pairs of locking
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 arm structures.

[0007] In another embodiment, there is provided method of forming a

microelectromechanical system (MEMS) device, including depositing a first layer of



[ 0007] In another enbodi nent, there is provided nethod of formng a

m cr oel ect ronechani cal system (MEMS) device, including depositing a first

| ayer of owOdelczlaaose a first surface of a silicon wafer; pdesogimiongia second
| ayer of oxide above a second surface of the silicon wafer; depositing a

| ayer of polysilicon above the first |ayer of oxide; and doping and
patterning the layer of polysilicon toszexpose the first |ayer of oxide.

BRI EF DESCRI PTI ON OF THE DRAW NGS [0008] In the drawi ngs, |ike reference
characters generally refer to the sane parts throughout the different

vi ews. Thexdeahdves fiest eunfime ofie cdsemmialey; dapositing e seconyd eyt of oxide alsrve a
general ly being placed upon illustrating the principles of the invention hi
the fol | ovtdogd dmsasei afttheosiliconavafer) degoshingiateydr of pblykiliCor 4b608 thelfirsBlager
described with reference to the followi ng drawi ngs, in which: [0009] Figure

1 shows aofekidBBiddCdspi ﬁﬂ?ﬂfenﬁl {1 Nayer QW pBlysicon & OFoSE HeHIBCRH sl
system ( MEMS) devicégh?%010 FigJ?e Zéﬁghoﬁsyén exan%ﬁt inplenenggrﬁgn of a
MEMS devi ggigel 0011] Figure 2b shows another exanple inplenentation of a
MEMS devi ce. [0012] Figure 3 shows another exanple inplenentation of a MEMS
device. [0013] Figure 4 shows a portion of the exanple inplenentation of
the MEMS device' of Figure 2b. [0014] Figure 5 shows a flowchart of

operating a MEMVS devic k%gli.ﬂigw O%ﬂﬁoﬁiA%VIﬁégt pai r of | ocking

el enents and a second

[0008] In the drawings, like reference characters generally refer to the same parts
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] Figur¢ 2b shows another example implementation of a MEMS device.

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

[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 locking 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.



el ements engaging with a first armstructure and a second arm structure
respectively. [0016] Figure 6b shows an enl arged scanni ng el ectron

m cr oscopyo(28tEk440smage of a plurality of tooth structur ®@€T[SGAMBj00d21gUr e 6C
shows a first pair of locking elenents and a second pair of | ocking

el ements engaging with a first armstructure and a second arm structure
respectively. [0018] Figure 6d shows a4 irst pair of |ocking elenents and a
second pair of locking elenents disengaging froma first armstructure and
a second armstructure respectively. [0019] Figure 6e shows a novenent of a
first arml@¥lict uFigugriy showeedist pumidecking elementf 800 sedond prizof dickingd 69
show a first pair of locking elenents and a second pair of |ocking elenents
engagi ng wientents ehgaging svittnadirstuatiistrectarechnd asewad drm stucine tedpdttévely.
respectively. [0021] Figure 6h shows an enlarged drawing of a plurality of

tooth stryeg18]es FKuered shews Afirs RiFsTlodngagdementWahd a 8eddhd pairiof Yockingt 00t h
structures of an armstructure. [0022] Figures 7a to 7d show schematic

di agrams @fenfnfsdisthgffhd!BbAa ASChrR s%ﬁ@tﬁf%nﬁ%tsg@éngranﬂgﬁhagreq’egﬂeéﬂel rm
structure and a second arn1structure respectively. [0023] Figure 8a shows a

graph of @bgpgragﬁ%rﬁ Qﬁo meﬁehy%%yﬁrsmpns% cﬁure/%&aaggec%%' d to an

act uat or splacenent of an ac agal nst "a vo
appl i ed tg t@e actuat or. [0024] Figure 8b shows a graph of a dlsplacenent
of a Iocklng el ement against a ' voltage applied to the | ocking el enent.

[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 structure.

[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.



[ 0025] Figure 9 shows a graph of a neasured optical |oss against a voltage
applied to the actuator and a graph of the nmeasured optical |oss against a
di spl acerwot2omf14a0510pt i cal conponent from a | aser di odePCrBG2@v/0bd2gur es 1Ca
to 10 1 show a first exenplary process of formng a MEMS devi ce.[0027]
Figures | | a to 111 show a second exenplary process of formng a MEMS

devi ce. DETAI LED DESCRI PTI ON [ 0028] Engodi nents of a m croel ectronechani cal
system (MEMS) device, a nethod of operating the MEMS device, and a net hod
of form ng the MEMS device will be described in detail below w th reference
to the act®@hnyikigures dliz és 111 showi b |setvad apxpmplana pegessheft formgendEMSent s
descri bed bel ow can be nodified in various aspects w thout changing the
essence ofletite i nvention. [0029] Figure 1 shows a schematic diagramof a

pl an view of a mcroel ectronechani cal system (MEMS) device 100. The MEMS
device 100 may include a positioning nmechani sm 102 and a | ocki ng nechani sm
104. The positioning nechani sm 102 may include a first armstructure 106, a

second armstructure 108, a fﬂE’PAII?ﬂ)‘tﬁ%SERI]PHQ d a second actuator 112.
The first armstructure 106 nmay have a first surface 114 and a second

surLace ienlhe G RHRABLL ATV S REDLO U ALY ]2 20
ey T80 LAl oRUAES AR S LSS BB N 408 TG 1
first ar mde':sstc:rrillajecdt lflr{ %et]éﬁfsbel;)rvr&lfewith reference 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 MEMS device 100 may
include a positioning mechanism 102 and a locking mechanism 104. The positioning
mechanism 102 may include a 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



second actuator 112 may be di sposed adjacent to the second surface 120 of
the second arm structure 108. The first actuator 110 and the second

act uat or wO2oremp4dse t her mal actuators. [0030] Further, wPrhe/SG2om00e10mM
structure 106 nmay have two opposite side surfaces 122, 124 between the
first surface 114 and the second surface 116 of the first arm structurelO6.
The first armstructure 106 may have agplurality of protruding portions 126
di sposed al ong a portion or a whole of the two side surfaces 122, 124 of
the first armstructure 106. Each protrudi ng portion 126 of the first arm
st ruct ur eld®6Theefyrstanspacede damby havern plurabeyjod @ erttud fingQioktindis 196 dizpdbsedn 126
by a cavity 130. Each protruding portion 126 of the first armstructure 106

may have glofg & paitiohYr @fwHoloObthe twdiidd fueiceb342, FRICIT thoRisharkd stHetudé €06l34 nay
be spaced apart from an adjacent tooth structure 134 by a cavity 136.

[ 0031] The,$es8iedia 1108 nPRPRS | f,aces
138, 140 b%tagén ;hég??&??g§3¥?g%g§i%gygﬂgﬁﬁﬁébgecond %%??gﬁgﬂfggﬁgg t he
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[ 8 0 E [
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adj acent profrudin ortion 142 by a cavity 144  Each protrudi ng portion
142 of th’g‘a%é%&?&e‘gﬂ?ﬂ“s{’ﬁ”ﬂéflﬂ @C%@O%W%I%RM%%W%-M t oot h

structures 146. Each tooth structure 146 nmaybe spaced apart from an

adj acent 1083th silhgsecond ammetygtuge Kfingy, havegwol qupgsije sifesurasks WP, dé@hani sm
104 of the MEMS device 100 may include a first pair of |ocking el enents
150a, 150betweah the fies sudaqsalilB and thepekind gudhasnigiitod theseeondiBmixstructuee 108.

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 arm 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 first 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, 1500 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



first pair of |ocking elements 150a, 150b may be arranged such that each

| ocking el ement ' 150a, 150b is disposed at two opposite side surfaces 122,
124 of thwofnrei44@nm structure 106. That is, the | ocki ngcelserentoodi®a nay
be di sposed at the side surface 122 of the first armstructure 106 and the
| ocki ng el enent 150b may be di sposed at the side surface 124 of the first
armstructure 106 opposite to the sideysurface 122. Each | ocking el enent
150a, 150b nay have a respective actuator 15l1a, 151b configured to nove

t hecorrespondi ng | ocking el enent 150a, 150b. The actuators 151a, 151b may
be t her makorassporating tock{ngO0l3&henthe0s,e¥bhd Tiei actuators d6kd, 1§ 1k Ineayeld thedrbdla, 152b
may be arranged such that each |ocking el enent 152a, 152b is disposed at

t wo opposhudtgatendr f aces 138, 140 of the second arm structure 108. That is,
the | ocking el enent 152a may be di sposed at the side surface 138 of the

second ar [go35] UCiTHeSeddid SHilof RRking L] AP 1S 2b1m2P biBYraffedlRRAEAT At

the side surface 140 of t'he second arm structure 108 opposite to the side
T5aa - 15abhoRiiity oREET95E, ATP0ks dnrfed bk BRNEX B 13REN 4E0R"" 1050,
e et LSt BTG kS Pl bR e e
ocki ng. chetigh o o Seawh! b SucuisalBhybith e loeKigtn et Wobribep 6t r udi ng
portion 154 by a cavity 156. Each protruding portion 154 of the first pair
of | ocki néiseqsednshihe side surfacsoltOnefythe soeond asmystaiciurg 188 oppesity tetthesidar es
158. Each tooth structure 158 may be spaced

surface 138. Each locking element 152a, 152b may have a respective actuator 153a,

153b configured to move the corresponding locking element 152a, 152b. The actuators

153a, 153b may be thermal actuators.

[0034] In addition, the first pair of locking elements 150a, 150b may have a plurality

of protruding portions 154. Each protruding portion 154 of the first pair of locking

elements 150a, 150b may be spaced apart from an adjacent protruding portion 154 by a

cavity 156. Each protruding portion 154 of the first pair of locking elements 150a, 150b

may have a plurality of tooth structures 158. Each tooth structure 158 may be spaced

apart from an adjacent tooth structure 158 by a cavity 160.

10035] The second pair of locking elements 152a, 152b may also have a plurality of’

protruding portions 162. Each protruding portion 162 of the second pair of locking

elements 152a, 152b may be spaced apart from an adjacent protruding portion 162 by a

cavity 164. Each protruding portion 162 of the second pair of locking elements 152a,

152b may have a plurality of tooth structures 166. Each tooth structure 166 may be

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



apart from an adjacent tooth structure 158 by a cavity 160. [0035] The
second pair of |ocking elenents 152a, 152b nay al so have a plurality of

pr ot r udi ryoporwi4ess 162. Each protrudi ng portion 162 of pChsGemoneipai r of
| ocki ng el enents 152a, 152b may be spaced apart from an adjacent protruding
portion 162 by a cavity 164. Each protruding portion 162 of the second pair
of locking elenents 152a, 152b nmay haveg a plurality of tooth structures
166. Each tooth structure 166 may be spaced apart from an adjacent tooth
structure 166 by a cavity 168.[0036] In addition, the MEMS device 100 may
have a holM36h ndordditiom thg MENRaleqge dDleaB‘é@hamhslﬂmgmeqmsmlﬂ@ altei r st
wedge structure 172 di sposed at the first surface 114 of the first arm

st r uct ur e hdldéhgamechanismcliiddnaydthye a firstwadkdge etnichute d72 pizpesdd at the fiestfsirfade
surface 118 of the second armstructure 108. A sloping surface 176 of the

first wedges sf thedfirst @mlstaictiing 100881 AsbiPivefgsithicase 114/ 8ispdsed Bethegrand
wedge structure 174. The sloping surface 176 of the first wedge structure

172 and t karskansng thesdaRE aﬁﬂﬁmm&h%ssq&%gmwgﬁcéiwsf mreqarétmecr%y be

configured to hold an optical conponent. The opt| cal conponent na

e i e ﬁ% %55!1?? T ok 3‘&%‘5"@% %ﬁ%ﬁgéég?ah Q).
180
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actuator 110 and a a 182 second rface. 120 of the second arm
struct uresef%‘?mg’? %‘é‘f,eohgf 6?” E‘gg anpeptcal gempofiept. oThegcki ng

el enents 150a, 150b and the second l;))alr of |OCkI ng el ements 152a, 152b may
be optical component may be a lens or a fi

[0037] As shown in Figure 1, the MEMS device 100 is at a rest position (i.e. when
the MEMS device iOO has not started 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 gap 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
150a, 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 respective 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



configured to engage with the first armstructure 106 and the second arm
structure 108 respectively. The plurality of protruding portions 154 of the
first paiwoabidaedsing el ements 150a, 150b may be recei vedTiSGode@oeaepecti ve
cavities 130 of the first armstructure 106,' and the plurality of
protrudi ng portions 162 of the second pair of |ocking elenments 152a, 152b
may be received in the respective cavifgies 144 of the second armstructure
108. The plurality of protruding portions 126 of the first armstructure
106 may be received in the respective cavities 156 of the pair of |ocking
el enent s iROMEMSdbyvicando iche ppdvidead tgd @hfipiratiorlof thg pgositionimgSmdchdnieh t he
second arm structure 108 nay be received in the respective cavities 164 of

the seconqopaid theflodk@ekinehaalse i SFok2R@nplé Sdbvenittd o e st ARH  HFE&reOf t he
MEMS device 100 can provide a rigid configuration of the positioning

mechani sm 3@ 2, fd skaﬁdlaqlﬁkguﬂgmf@fd%a&h?mlﬂq%d WIRh &émg deﬂeyga@[gtlﬁ 20f the

first armstructure 106 and the second arm structure 108 can imted

when t he g%p@,og%ce B! Sl Bib il PRSLELO T %Et%:?ras&n?blxof’ T

accuracy durimg an assenb S°in

mechani sm 170 cag X ? @ﬁlded 0038 (f re 2a.shows an exanpl e
i npl enent SYTBHE 6505 dingagehapisi L1V G ep?ﬁ@ EVS devi ce 100 may be
fabricated on a hulk s con substrate 202. A plurality of netal ?ads 204,
a | aser dit0d8 20d87sHs 23 sheve 8 F%P@pi%m?\‘ﬁﬁyerﬁén% 98 of dhMEMS devir 1991 j con
substrate 202. The plurality of metal pads 204 may be dlégosed near edges
201, 203 &he MEMBdekiceil P9 e bsfeluicated onadmlk sitieon salbetratqa eAxderabiiydft he
wavegui de 208 may be arranged such that the hol di ng nechani sm 170 of the
MEMS devi oetal @ads 204]iaslegetiodel@tean & havénsds 208 odyg b2OBsmsell bheherbnkgui de
208. The | aser di ode 206 may be

silicon substrate 202. The plurality of metal pads 204 may be disposed near edges 201,

203 of the bulk silicon substrate 202. The laser diode 206 and the waveguide 208 may be

arranged such that the holding mechanism 170 of the MEMS device 100 is disposed

between the laser diode 206 and the waveguide 208. The laser diode 206 may be

disposed adjacent an edge 207 of the holding mechanism 170. The waveguide 208 may

be disposed adjacent another edge 209 of the holding mechanism 170 opposite to the

edge 207. In this implementation 200a, the first wedge structure 172 and the second

wedge structure 174 of the holding mechanism 170 may be formed by e.g. an anisotropic

silicon etching process. The holding mechanism 170 may be sized to hold a lens 210.’

The lens 210 may be a ball lens. The MEMS device 100 may adjust a position of the lens

210 such that the lens 210 is aligned with the laser diode 206 and the waveguide 208.

[0039] Figure 2b shows another example implementation 200b of the MEMS device

100. The MEMS device 100 may be fabricated on a bulk silicon substrate 202. A

plurality of metal pads 204, a laser diode 206, a waveguide 208, and a groove 212 may be

disposed on the bulk silicon substrate 202. The plurality of metal pads 204 rﬁay be



di sposed adj acent an edge 207 of the hol ding nmechani sm 170. The wavegui de
208 may be di sposed adj acent another edge 209 of the hol di ng nechani sm 170
opposi t e wo 2tvei4edge 207. In this inplenmentation 200a, trhe/SG2om00adge
structure 172 and the second wedge structure 174 of the hol di ng nechani sm
170 may be forned by e.g. an anisotropic silicon etching process. The
hol di ng mechani sm 170 may be sized to hgld a lens 210.' The lens 210 may be
a ball lens. The MEMS device 100 may adjust a position of the I ens 210 such
that the lens 210 is aligned with the | aser diode 206 and t he wavegui de
208. [ 003djspbsiedurcar éiges @203 NS thechidkrpillieon subseare 2021t Thalad&Qiodyf 206he MENVS
devi ce 100. The MEMS device 100 nmay be fabricated on a bulk silicon

subst r at e akdthe fapguide! 208yme¥ beRidhgddadich 204, the hbRER mEHRARN2 PR) ofithe
wavegui de 208, and a groove 212 may be di sposed on the bulk silicon

substr at e \MiEMs dEPRe RbY 'isaal'sﬁo\éecpf)et%éﬂhe RAES 88420 dRRE LWAPGRES SRarTRdges

201, 203, 205 of the bul i con substrate 202. The Iaser dlode 206 and
the VEND: Jog: Ged0g1th 93%%%@(;;%%? eh B %‘Z’E%‘?‘B% CAAT0C
ravoau deriot, T osn ol ode éé‘?f’ég%ya&‘éa"?g e 2@99 é’éd&‘ﬁdﬁ‘g et
evequi domsginigy ' Sees oo d0ut dbde ThY prorRel %éﬁsb‘ﬁe& B £ 287' The

groove 212 may_extend from an edge 213 of the bulk silicon substrate 202 to
an end 21%&%@!4%0%9%@@?@@%8% chie Thogwevoll? may exend/fropepeeze|2d3t hi s

i npl enentation 200b, the first wedge structure 172 and the second wedge

st ruct ur eofitht batk Slheommb@liratg 2 ¢hamiesdr2 1y of theywiregiide 308 Bhe grapvei2

may be V-shaped. In this implementation 200b, the first wedge structure 172 and the
second wedge structure 174 of the holding mechanism 170 may be formed by e.g. an
anisotropic silicon etching process. The holding mechanism 170 may be sized to hold a
lens 210. The lens 21-0 may be a ball lens. The groove 212 may be configured to hold a
fiber 214 (e.g. an optical fiber). The fiber 214 may be disposed adjacent to the
waveguide 208. The MEMS device 100 may adjust a position of the lens 210 such that
the lens 210 is aligned with the laser diode 206 and the waveguide 208. The movement
of the locking elements 150a, 150b, 152a, 152b may be limited by restraining portions
216. :
[0040] Figure 3 shows another example implementation 300 of the MEMS device
100. The MEMS device 100 may be fabricated on a bulk silicon substrate 302. A
plurality of metal pads 304, a laser diode 306 and a groove 308 may be disposed on the
bulk silicon substrate 302. The plurality of metal pads 304 may be disposed near edges
301, 303, 305, 307 of the bulk silicon substrate 302. The laser diode 306 may be

disposed adjacent an edge 309 of the holding mechanism 170. The groove 308 may



ani sotropic silicon etching process. The hol di ng mechani sm 170 may be sized
to hold a lens 210. The lens 210 may be a ball |ens. The groove 212 nay be
conf i gur estot2o10iahadia fi ber 214 (e.g. an optical fiber). PCosGRodo®n022d4 may
be di sposed adj acent to the wavegui de 208. The MEMS devi ce 100 may adj ust a
position of the |l ens 210 such that the lens 210 is aligned wth the |aser

di ode 206 and the wavegui de 208. The npyenent of the |ocking el ements 150a,
150b, 152a, 152b may be |limted by restraining portions 216. [0040] Figure
3 shows anot her exanpl e inplenmentation 300 of the MEMS device 100. The MEMS

devi ce 10@xtend fiom flebsdge 302 dfale Bulkullicon ishbstate X026t dmtier 30z 3N pf theal ity
of netal pads 304, a |aser diode 306 and a groove 308 may be di sposed on

the bul k sbldinfgafiechdRisi’ B0 paOte td AR dabeBeY.i Te botEIGH mRRES V3QdpaBYmbe
di sposed near edges 301, 303, 305, 307 of the bulk silicon subs?rate 302.

The | aser o gdacA0R.Y 308 1 SRRSAALRAGSRL 8NAlAe AR OGR! o

mechani sm 170.” The groove 308 nayextend fromthe _
silicon s 1 aof the haol di .mechani sm 170
oppos 1o £o¢ ph e dorie bRcRRRLT Flo, 5498s Sl bvislf R dnibthi KPR ot
i npl ement ati on 0, ﬁe fir t.meﬂ r e 172 d the secon dge
structur epT?ﬁssbﬁq’teH’éﬁ Wmeﬁ%nﬁé‘b %ﬁ?é‘ﬁhe%?vff@ @r‘ﬁ%ydb%@‘z@ @%oﬁﬁa
ani sotropic silico etching gfocess. The hal di ng mechani sm 170 of the MEMS
devi ce 10BOHAY 38 of jafther 862 hdhg 2Epoye 308 erpydecconfizured g Bpldpnptherpertign oove
308 may be configgred to _hold another portion 314 of the fiber 3 12. The
MEVS devi &kt afithe dkgr B uEhe MEMEsdeviesnl 08fmayhaslivst b@psiBon of thgdiber hiX suche fi ber
3 12 is aligned with the | aser di ode 306.
that the fiber 312 is aligned with the laser diode 306.
[0041] Figure 4 shows a portion of the example implementation 200b of the MEMS
device 100 of Figure 2b. Figure 4 indicates 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



[0041] Figure 4 shows a portion of the exanple inplenmentation 200b of the
MEMS device 100 of Figure 2b. Figure 4 indicates respective novenents of an
arm st rucwonel@®sie. g. a first armstructure 106, a seeom$Gaomostract ure
108) and a pair of locking el enents 404a, 404b (e.g. a first pair of

| ocki ng el enents 150a, 150b, a second pair of |ocking el enents 152a, 152b)
when the MEMS device 100 starts operating. The arm structure 402 may nove
al ong directions 406a, 406b. The | ocking el ement 404a nay nove al ong
directions 408a, 408b. The |ocking el enment 404b may nove al ong directions
410a, 410brm Ftrectumy ercembval Ahs06 finalspasitons pEthéRstnamyd seeonidi arint exhctuyes
restraining portions 412. The novenent of the |ocking el enent 404a may be
i mted byrerledtedai ni ng" portions 414. The novenent of the | ocking el ement
404b may be limted by restraining portions 416. [0042] Figure 5 shows a
f1 owchart Iuﬁﬁ@] of BRSIEI I dperatiRg tHYERMERIEVE 180 8re dBicrDEd in e FllcHingal I Of

| ocking elenments is disengaged froma first armstructure and a Second pair
of | ocki nggpaypere lSthdl HERS kT : t e,¢ A 4, the
first andﬁ)secgndarﬁreamlgt trhgct ur e%gc%?lecg n@e%ﬁi&g%@’ﬁhﬁaﬁgg%lﬁt ?fo{r?s?kglg t he
first and n [ ructures are |ocked. [0043 ai of operating the
MEMS devi glé%g‘%gt@dléra 5’“ es carnlc(‘ib%jl Spepng pair;of P%ﬂféﬁgﬁﬁﬁaB@ r B4 FBEENS
device 100.starts operating, the first pair of | ockj el ements 150a, 150b
and the sEUBHRE FE AB SIPGR, 195 26 Bspeidiasmstrupes 0 tbsersies 3 TAYEhe
first armstructure 106 and the second armstructure 108 respectively, as
shown in I Kjgres osandifies Eoe phappdithel prairudine pertignsot 34 0fi the fiph peir ehlpcking” of t he

first pair of Iockin? _ )
elements 150a, I50b 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 respective 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.

[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 0.4 um and a

width ranging between about 0.2 pm and 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



el ements 150a, 150b may be received in the respective cavities 130 of the
first armstructure 106, and the plurality of protruding portions 162 of

t he secomslopaiwi4afsil ocki ng el enents 152a, 152b may be r eceiseeaoionozihe
respective cavities 144 of the second armstructure 108. The plurality of
protrudi ng portions 126 of the first armstructure 106 nay be received in
the respective cavities 156 of the paijf3of |ocking elenents 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

| ocki ng eletsmntss] 526, 2E62b hadidisdngebbdnd frh @iter v a§ froih haSfirst arn Rt @es 1 GCaidni ng

el ectron mcroscopy (SEM image of the plurality of tooth structures 134,

146 of t hendMebér drinyst@EwRS PO8 1shebiePPintd dFetid202 Ak4Rowh th FildGreRjaur al ity of
tooth structures 158, 166 of the plurality of protruding portions 154,

162. Each rjgpej h SASH%%% 436 be ddiied Bye ARPalBHONAN ] o) %%%&cf%;&ag ut 0.4

mmand a wdth rangi ng between a a out Once

t he MENMS i oparatin a L,may be supplied to the first
ai 1ot 1 aat e AL aahAb! SbRA Aoty BPRATLA TR PSS OB cren s
152a, 152h. The first pajrt, of |l ocking elenments 150a, 15Q0b and the second
pair of | 'rﬁtgaé'fnest’r'é’m“ge hdo%{‘,dt %%OIP‘FEW?@@H@%E;@ LEPRFCHYRI B (TRaye E'F(th"tt he
first armstructure 106 and the second arm structure 108 respectively in a
di r ect i on @B strature HAGand thesegendeargigstructyny 198. AThsolist armsirustuse 10@ aadifhsi i ed t o
the first actuator 110 and the second actuator 112. The first actuator 110
and the seeond age stetwe 198 mayaovady direcinns ¢itach04hwa yhdwrom Rigare Oer st arm
structure 106 and the second arm structure 108 respectively to nove the
first ar m@&BLct vkiter1G6al apusitidne ofethe nfirstarm sstmotireir1€6 10@. theheecbnd stmar m
structure 106 and the ,

structure 108 are determined (e.g. when the optical component is aligned to a laser

diode), the power supplied to the first pair of locking elements 150a, 150b and the second
pair of locking elements 152a, 152b may be switched off. The first pair of locking
elements 150a, 150b and the second pair of locking elements 152a, 152b may move
towards the first arm structure 106 and the second arm structure 108 respectively in a
direction 606 as shown in Figure 6f.

[0049] A restoring force may be provided to both the first pair of locking elements
150a, 150b and the second pair of locking elements 152a, 152b to move the first pair of
locking elements 150a, 150b and the second pair of locking elements 152a, 152b back to’
the initial positions. However, since the first arm structure 106 and the second arm
structure 108 have moved away from the original positions, the plurality of protruding
portions 154 of the first pair of locking elements 150a, 150b will not be received in the
respective cavities 130 of first arm structure 106, and the plurality of protruding portions
162 of the second pair of locking elements 152a, 152b will not be received in the

respective cavities 144 of the second arm structure 108.



second arm structure 108 nmay nove in directions 604a, 604b as shown in
Figure 6e. [0048] After final positions of the first armstructure 106 and
t he secomsloantwvmisosuct ure 108 are determ ned (e.g. when tPrhe/Sopo9I®ad210
conponent is aligned to a |aser diode), the power supplied to the first
pair of |ocking elements 150a, 150b and the second pair of |ocking elenents
152a, 152b may be switched off. The fifgt pair of |ocking elenments 150a,
150b and the second pair of |ocking elenments 152a, 152b rmay nove towards
the first armstructure 106 and the second arm structure 108 respectively
in a dired0059h 60kstasd,sdsoskowinninFbaghirRigurés 6f, M348 d 6h,r thetfirst pair bOlekingry be
provided to both the first pair of |ocking elenents 150a, 150b and the

second paielentthts 150k, ITPb&he M ¥eSonkopkas of 16cking dleiBIME 151 1520 Shy Bidage e
| ocki ng el enents 150a 150b and the second pair of Iocklng el enents 152a,

152b back @’ arkhGinichirti Rls RRASIHE! RBhd HAVEYEtureS103CH L*}ﬁarﬁﬂelr ShchPh@ fef ucture

106 and the second arm structure 108 have noved away fromthe original

posi tions hﬁy%k%@l gth{ggg ggﬁfﬁggggggmf 10288 %ﬁfmg{] 1508 fsob Shteth” Of

| ocki ng e recelve e rés eCt 1 Ve caV|t|es

130 of firs struc 06, and,t rali otr ons
162 of thgﬂ@gﬁ%ﬁ@r Y %?§ﬁ§8ﬁPﬁaqgﬁ8E§ﬁq§5 Tgfb %Waﬂ%@ﬁ Y Ycei ved
in the res ective ca 144 f Ih secon arn1struct re 108.[0050]

| nst oad, MO HOWRER AbpibE IR Bt I gna R b ‘rﬁzgéfet%%ﬁkr%h theocki ng
elenents 150a, 150b and the second pair of |ocking elenents 152a, 152b may
engage t h@lraltyof soth siructeres 146 alDbe sprond isEm stueiies Ki8m Bherplumalieofitogthi n a
manner such that the plurality of tooth structures 158 of the first pair of
| ocki ng ebewatures 13% 04 thel iBh painoé ldckizlg elements 150a, 150b may be received in the

respective cavities 136 of the first arm structure 106 and the plurality of tooth structures
134 of the first arm. structure 106 may be received in the respective cavities 160 of the
first pair of locking elements 150a, 150b. The plurality of tooth structures 166 of the
second pair of locking elements 152a, 152b may be received in the respective cavities
148 of the second arm structure 108 and the plurality 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
plurality of tooth structures 146 of the second arm 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 arm 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 force may be exerted on the first arm



with the plurality of tooth structures 134 of the first armstructure 106
and the plurality of tooth structures 166 of the second pair of | ocking

el enent s Wb2a10/1453 i nterl ock with the plurality of tootrhTsGrouwoneaes 146 of
the second arm structure 108. The plurality of tooth structures 158 of the
first pair of |ocking elements 150a, 150b nmay be received in the respective
cavities 136 of the first armstructurg 106 and the plurality of tooth
structures 134 of the first armstructure 106 may be received in the
respective cavities 160 of the first pair of |ocking elenents 150a, 150b.
The pl ur aktricfuref] 06 @ad fthesdecoral athesrutfabe 08 ichecticdp asllopRitiie fial posikibmoof

el ements 152a, 152b nmay be received in the respective cavities 148 of the

second ar MeSirstenki@cthitB1 A ithEscBbd Al skic@fe f080t h structures 146 of the
second arm structure 108 nay be received in the respective cavities 168 of

the seconghesdj r of, he&sgmc§¢£fs¢w&n4é%%e #RP8m Ltg%aﬂrl 16@ St e f%x of

t oot h structures 134 Irst armstructure 1 ural of tooth

structure m 108 he pI I of t ot h'
structur e§f i(gzgl %fe‘%ﬂgn‘% rs lsgltlfbl’ aﬁ‘? qe | ng ef’don gu ]é)é angd t he
plurality of tooth_struct ur es 1 pai r f | ockin eI nts
ls2a 15HoppbRre! ERTE P @a‘iﬁz éé#@ kg gl ltkséﬁvtg%t AT
structure_ 106 and tg§ first pair of Iocklna el enents 150a, 150b, and
bet ween t b J66dray bg fArmed wathe eesnestiva REPURAIEREEE 1281 14DFI5F0k92 biya
el enents 152a, 152b. Thus, a stronger |ocking force nay be exerted on the
first arnithegrephy Broses. dme plurality of Hrth strustuses 13d Ude 156381 66cmpebe formicd t o
| ock the final positions of the first armstructure 106 and the second arm
st r uct ur eusifs degp0 BB veTni etchiezmerd BOSAH prockss: cAs bethyethe rodghnédsroft thar m
structure 106 and the first pair

surfaces of the plurality of tooth structures 134, 146, 158, 166 and the corresponding

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 provided 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, the 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 pbwer



of | ocking elements 150a, 150b, and between the second arm structure 108
and the second pair of |ocking elenents 152a, 152b, the plurality of tooth
st ruct ur e8¥028w/144056, 158, 166 may be forned on the respecriseeogroenadi ng
portions 126, 142, 154, 162 by a |lithography process. The plurality of
tooth structures 134, 146, 158, 166 may be formed using deep reactive ion
etching and BOSCH process. As such, thgroughness of the surfaces of the
plurality of tooth structures 134, 146, 158, 166 and the correspondi ng
cavities 136, 148, 160, 168 may be increased which provide a higher
friction fuppdiedftorthe dirkti mgugperr pd; ehe sEddB Actdatoradldi theo first Paircef 1dekinfgi r st
pair of |ocking elenents 150a, 150b and the second pair of |ocking elenents

152a, 152bleefitsNi30a,” EVbANACth® 86dond ?aﬁ'hﬂ? lodRirg AEmeRAS1520N32b.t IFarth&StHer i Ng
force provided on the first pair of |ocking elenments 150a, 150b and the

second paiifst Ofenlafir ki 109akl SHEBicdnd 2ERatol I4D e CXRy %Tng the! fifst TSt arm

structure 106 and the second arm structure 108 respect’ive Theretore, a

strong an ctttﬁ'gllﬁglaﬁg ﬂ§%c£r?<{ %?ne %&R@ 168 %sk)igc\({/llg?lgr l;[a,leﬁ It(II’l 'tl'{eﬁl?ustl%\i;\g%s?tgqrq%gt 1l‘J|r ﬁal

106 and the second arm struc respec

ositions of the first armsirpcture 106 .and . the second arm.structure 108
lr?ny be | o&ﬁeécfge f’?)‘ﬁ%réffp};&ﬁdetf’%ﬁ?ugrs% ?%torpﬁgi aPﬁél?'FsSCB?n‘f?Fé“af?rr@z 18 st et ur e
106 and th cond arm structure 108 are_| ocked, the 8omer supplied to the
First act Bt RUS 79 NG GIesd Srerte on g Bt Ipstipere A0 g the secagd arm
Therefore, the optical conponent held by the hol ding mechanism 170 of the
MEVS devi 881ct@9 18&n be hel d in place without any powersupplied to the first

actuator 110, the second actuator 112, the first pair of |ocking
[0055] The positioning and locking process described above and as shown in Figures

6a to 6h can be implemented without visualization and can be reversible. The final
positions of the first arm structure 106 and the second arm structure 108 may be locked
mechanically, without maintaining power to the positioning mechanism 102 and the
locking mechanism 104. The MEMS device can advantageously provide a simple
implementation of the positioning mechanism 102 and the locking mechanism 104. The
MEMS device 100 can also advantageously provide a higher alignment and locking
accuracy (e.g. about 0.1pm step resolution/shift error). Therefore, an improved optical
coupling efficiency of optical components can be advantageously achieved. The MEMS
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 structure 108 in a

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

106 and the second arm structure 108. The first arm structure 106 and the second arm



el ements 150a, 150b and the second pair of |ocking elenments 152a, 152b.
Further, the first actuator 110 and the second actuator 112 nay nove away
from t he wonsto/asm st ructure 106 and the second arm str RCT$GR0DM80210
respectively back to the initial positions after the power supplied to the
first actuator 110 and the second actuator 112 is swtched off. Thus, no
restoring force is exerted on the firsft; armstructure 106 and the second
arm structure 108. [0055] The positioning and | ocking process described
above and as shown in Figures 6a to 6h can be inplenmented w thout
vi sual i zatrwmurards aady tenrayer foivakd. eathetlidrndla o8 tpeeds THus! Be obii€ast arm
structure 106 and the second armstructure 108 may be | ocked nechanically,
wi t hout najngg@gﬁtim WRANWR6vd $hvidids iRAideb UM 708, mechani sm 102 and the | ocking
mechani sm 104. The MEMS device can advant ageously provide a sinple
i npl enent glgkoN Of:: Itd R0l i I ani sm
mp @Eﬁg foéu'i’@mgﬁdgl;aéntﬂé; 'IﬁPsQ a@%&t@ﬁﬁ‘ié%@rﬁ’lg (RO frst Q@é Ltg.&ﬁllrgﬁ ggﬁg P

104. The devite 10 So advant ageousFy provi i gnnent
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and | ookl fieR68 416 %a R GesoB Whafls 1 I BUEP e RRbML bR B BB AL o

Therefore, an i nprovea opti cal coupl

can be adyant.a sly achi eved. .The MEMJ device, 100 can pe applied in for
exanpl e p %Bﬂ‘??gypéc% ayRpunf gHRBY erli?%ﬁ?eeg‘p? eq {p bagh gﬁo‘g&s‘s fHatctyre

di agrams of the first actuator 110 and the second actuator 112 noving the

first arn®angcthesecond@rmriruetes K8eobe Hshian sigeature d 00 @gd thes greend o y .
Figure 7a shows the first actuator 110 noving the first armstructure 106
in a diredricwre YO maydherhamove awan framt aagh othel aa pamé spped hdhussbedptéagain
structure 108 in a

component 706 may move downwards in a direction 714.

[0058] Figure 7c shows the first actuator 110 moving the first arm structure 106 in a
direction 716 and tﬁe second actuator 112 moving the second arm structure 108 in a
direction 718. A larger amount of power may be supplied to the second arm structure
108. The first arm structure 106 and the second arm structure 108 may then move
towards each other. However, the second arm structure 108 may move towards the first
arm structure 106 at a faster speed. Thus, the optical component 706 may move from
right to left in a direction 720.

[0059] Figure 7d shows the first actuator 110 moving the first arm structure 106 in a
direction 722 and the second actuator 112 moving the second arm structure 108 in a’
direction 724. A larger amount of power may be supplied to the first arm structure 106.
The first arm structure 106 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.



direction 704. A sane anount of power may be supplied to both the first arm
structure 106 and the second armstructure 108. The first arm structure 106
and t he swoand/asesstructure 108 may t hen nove towards ea&ch/sekbmroaioa same
speed. Thus, an optical conponent 706 nmay nove upwards in a direction 708.

[ 0057] Figure 7b shows the first actuator 110 noving the first arm
structure 106 in a direction 710 and tf{g second actuator 112 noving the
second arm structure 108 in a direction 712. A sane anount of power may be
supplied to both the first armstructure 106 and the second arm structure

108. The {0068} arThesiosltivhihgemddbanismd 0 kan sev@tgeausty plovidetain®d ddgfeecrdfy t hen
nove away from each other at a sane speed. Thus, the optical conponent 706

My nove gdeyMbnRpskitidningoftthe BftidaPEbnipkfent[78658] Figure 7c shows the first
actuator 110 noving the first armstructure 106 in a direction 716 and the

second acigt@ipr Eigurld®Y ishowl BerBRRRAG A MMEhER BiGn Bh dftofrdbi: b0 718

A | arger anount power nmay be supplie e second arm structure 108.
The first t.ur nﬁ. he,.second arm st rgict re.lﬁg may. t.hen nove
t owar ds eg@ﬁa@g? %@?& tﬁba\ﬁé\%lglrgfogt @Eeggcaoaﬁs Sa?llrovrvnS gt%a@%‘téggeo&lfd%sp fim%t\f’é Bowar ds
the first armstructure,106 at. a faster speed. Thus, @ge optj cal conponent
706 mmy R AT gneiae navied o B AR, (S EH Pe0IorRGORE A shovs
the first actuator 110 noving the first armstructure 106 in a direction
722 and t Bt sxeliaes ofcabout 3 Viappligdiq thy aciatos sausae ther apmsirug B Femepsai n a
direction 724. A |arger anount of power nmay be supplied to the first arm
st r uct ur edis@ace Jhabdut 58tumar hirginr grephuBe4, 10éanabel obseeved gbairtiie actmtet mlontur e 108
may then nove towards

without loading will move a distance close to 70um when a voltage of about 30 V is

applied to the actuator. Therefore, a greater displacement of the actuator is required to

drive the arm structure. The designed displacement of the arm structure in this example

is around 25um which requires the voltage applied to the actuator to be lafger than 21V.

[0062] Figure 8b shows a graph 806 of a displacement of a locking element against a

voltage applied to the locking element. From graph 806, it can be observed that it

requires a voltage of more than 16 V to move the locking element away from a position

that engages with the arm structure. Further, the locking element can withstand a

mechanical vibration of about 10g at about 2 kHz.

[0063] Figure 9 shows a graph 902 of a measured optical loss against a voltage

applied to the actuator. Figure 9 also 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 displacement from the laser diode in

the direction perpendicular to the optical path).



each other. However, the first armstructure 106 nay nove towards the
second arm structure 108 at a faster speed. Thus, the optical conponent 706
may nove woaemogfidasito right in a direction 726.[0060] TireT[sG20M9/000210g
mechani sm 102 can advant ageously provide a two degree of freedom
positioning of the optical conponent 706. [0061] Figure 8a shows a graph
802 of a displacement of an arm structyy e against a voltage applied to an
actuator. Figure 8a al so shows a graph 804 of a displacenent of an actuator
agai nst a voltage applied to the actuator. From graph 802, it can be
observed [00684] a \Riguresye0nfo abloshow3@ fifstayehiptdy tppodebe oA ddrutih® the MEMS t he
armstructure to nove a distance of about 50 mm From graph 804, it can be

observed gdade 100e Rgirda0EhowsANAliddnt isfet 1000aFigige 108 shoWRVEriRdt Biy&t woge cl ose
to 70mm when a vol tage of about 30 Vis applied to the actuator. Therefore,

a great er flhgil 8GRIRA atdle b MstAGHHAL Q06107 o AfGh Wider! 1908 2hY & sbidAh{Br

structure. The designed displacenent of the armstructure in this exanple

5, 20U AR ARRE By S WAL LY UE PRILSAR S0 SERURELS OF
ar aph 806, S0t et Rerbe 8o RS 1O of Btjet Pk B8 el dBrePeitonan 16 v
St Uct ar cthe it eface A FBR ki gamb REiRcec N Ovatc e St & goRR bafow
vi bration of about 10g at about 2 kHz. [0063] Figure 9 shows a graph 902 of
a nmeasur eRfespra gmiab¥apos depasitiony Kigire éé@slamslai laypri1812 pEpelysilieanabovei gure 9
al so shows a graph 904 of the neasured optical |oss

the first layer 1004 of oxide. The layer 1012 of polysilicon may be doped and patterned

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 the

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

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 patterned 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 1014 of



agai nst a displacenment of an optical |lensed fiber froma |laser diode. From
graph 902, it can be observed that the neasured optical loss is zero at a
vol t age oWvoabuout44052 V. From graph 904, it can be observedTiScatootoheioeasur ed
optical loss is zero when the optical conponent is aligned with the |aser

di ode (e.g. zero displacenent fromthe |laser diode in the direction
perpendi cul ar to the optical path).[00g#] Figures 10a to 101 show a first
exenpl ary process of formng the MEMS device 100. Figure 10a shows a
silicon wafer 1002. Figure 10b shows a first |ayer 1004 of oxi de deposited

above a f bxide. Pigufeallh sho®6 nizkal 4030 déposiredvinfier etd¥d Araan d028 meiotitrd layer 1008
of oxi de above a second surface 1010 of the silicon wafer 1002. The first

layer 100400f ofoosiidte AN&yel N@3560ARE thay BE ddfddfeddndPatteifedRichiRatFRRRSHst €d

respectively above the first surface 1006 and the second surface 1010 of

the sili cogsmafirs MQ§'§¥014)W695@|®§M%%0 ] -@@lof}ﬁ‘lﬁﬁg{inlfglggfidfggﬁoéﬁegUr €

10c shows a | ayer 1012 of polysilicon above the oxi de.

The Iayerm%%%%ﬂgég§8%¥?%%h6?%@g§%mge doped and patterned to expose the

first |ayer igure 10d shows a third layer 1014 of

oxi de depgsit.ed ove . the |layer 1012 of. polysilicon and the expos first

| ayer 100ﬁ%8h ox?gﬂge*ﬁﬁﬁPWF]H“VQgﬁﬁnTﬁﬁ md%d%QP oy BS?W@SF?égF]ﬁi9er 1004
of oxi de gpﬁ be pattééned and etched to expose parts 1016 of the silicon
waf er 1009Lt ?ﬁig\a%vvi 10470 wihesecondilaxer 1@P8z0foxidedsiramovedeAtHily layerdPas 1014
of oxide, the first layer 1004 of oxide and the silicon wafer 1002.

Cavi ti es afpoxidergnayabes denssited abpvg the seaend tshfface 1 UPeof the silicen waterd#002ad t he
first layer 1004 of oxide to expose parts 1023 of the silicon wafer 1002. A
fourth | aljignrell®p6hawfs kst gendhetdengipposinedoh the fifih layer 1038 of oxide and the

silicon wafer 1002. Cavities 1040 may be formed in the fifth layer 1038 of oxide and the
silicon wafer 1002. | Figure 10k shows a second trench etching performed in the fifth
layer 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 11a 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 polysilicon ébove



portion 1022 of the cavity 1018 in the silicon wafer 1002 and nmay be
deposited over the ' exposed parts 1016, 1023 of the silicon wafer 1002.

[ 0066] Fiworelol@osshows a groove 1024 patterned and et clrea/siGaoavleo2zii rd

| ayer 1014 of oxide, the first |ayer 1004 of oxide and the silicon wafer
1002. The groove 1024 may be etched in Tetra-Methyl- Ammoni um Hydr oxi de.
Figure 10g shows that the third |ayer 4014 of oxide above the |ayer 1012 of
polysilicon is etched to expose parts 1026 of the |layer 1012 of

pol ysilicon. Etched areas 1028 nmay be fornmed in the third | ayer 1014

of oxi de. Hiegfistelagdsrl 194 @fdxidet The 143801 Hepufdolyeilicom niaydealopbd dndpRemed028 i n
the third layer 1014 of oxide. A layer 1032 of netal may be deposited and
pat t er nedtsekplsd M firdd Mylet P10 ok@RfMeOf the third layer 1014 of oxide and a
portion 1036 of the fourth |ayer 1020 of oxide are covered by the |ayer

1032 of ioddy [ Q9B 1 Ea R 186 SFRQUR § IPA Bl hO ARG | MRG0k TR o

the second surface 1010 of the silicon wafer 1002. | ayer 1008 of

oxi de is d%!%ﬁmfg‘wf ¥efrtl EOi 8(55 ide }P?@m )frbé)q%?gglteqﬁx ﬂRﬁOS‘tﬁg%&tﬁg g I?pr vk the

second sur ace € 'si |con ma ure ws a first

t h etgh th f fth 8 of

it o 10080 i A" ﬁae @veﬁtae P tvéﬁacpr?m PO G o
and the S|I|con waf er 1002. gure 10k shows a second trench etchin

per f or med ! 144 efipxige; thlﬁ“rF é}%ﬁhomsthe tarddayegd 1 Lhef axpde and|the Brst layeret104

Trenches 1042 may be fornmed in the fifth | ayer 1038 of oxide and the
si | i con weXide patgned tnoxpase a4 412G theesitienmwater 4 10he Fgureg ddf shewer 1002.

Figure 101 shows a deep reactive ion etching perforned above the first

surface 160@ydfl22 kwhed in o thiwhlager 110821 oCae) the disst 1946 1 hdyobexioamidiet hr ough

the silicon wafer 1102. A fourth layer 1124 of oxide may be deposited in a portion 1126 of
the cavity 1122 in tile silicon wafer 1102 and may be deposited over the exposed parts
1120 of the silicon wafer 1102.
[0070] Figure 11g shows a groove 1128 panerﬁed 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 vpolysilicon is etched. Metal 1130 may be
deposited in the etciled 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 4poxti0n 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.

[0071] 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 1140 of



fourth layer 1020 of oxide and the silicon wafer 1002 to the trenches 1042.
An oxide strip may be perfornmed. [0068] Figures 1lla to 11 1 show a second
exenpl ar ywprooestsosof form ng the MEMS ' device 100. Fi gece/siG2ooomoehows a
silicon wafer 1102. Figure 1llb shows a first |ayer 1104 of oxi de deposited
above a first surface 1106 of a silicon wafer 1102 and a second | ayer 1108
of oxi de above a second surface 1110 ojp the silicon wafer 1102. The first

| ayer 1104 of oxide and the second |ayer 1108 of oxide nay be deposited
respectively above the first surface 1106 and the second surface 1110 of

t he sili coxideahdtheldiiébnbyafeoi (2 eEgure d 1k Reow < @ kecoad enchegiclsing perfornfadgur e
lie shows a layer 1 1 12 of polysilicon abovethe first layer 1104 of oxide.

The | ayer inl#hk2fifth 19k YII40 I0FUxideBMdDBe AIRDH Witer PRIZ eMRGHhdsO1 RMPRSE Hehe
first layer 1104 of oxide. [0069] Figure 1ld shows tooth structures 1114

fornmed in t I Oxi de
1116 nay tf)(g&ggfﬁ%{s}?tfé%}ﬂi\égértﬂé@t%gg’%dgﬁﬁgt§1 F}?%“ﬁ?ffi'}ﬂ"i 36“3%%1”1 18 of

d b 1 t 1104
o oxi do. M 5@?@ B tuckh Sofiy P@%Yf?*%u%e‘ﬂ#f"%ﬁa%‘%f 5%5"?%95%%?%5 R
I 110 tt t h f
110, Fi ol oo bl B SR Rorteds BB B B e e OB o ieR ¥ iy B85y
oxi de, g)flrst Hgyﬁﬁ 1104 of oxldg and the silicon wafer 1102. A fourth
layer 112975Fd §yP Jousth laxerdd2¢ efjoxide andyihessilisan wesas 1092 fothediepehey 1122
in the silicon wafer 1102 and nmay be deposited over the exposed parts 1120

of the si l14%osnd ey bel fopmed [tyoyg thei eride 1116yinshe\igoth sjustves LhiAstopthet er ned

and etched in the third layer 1118
cavities 1146. An oxide strip may be performed.

[0072] While embodiments of the invention have been particularly shown and
described with refefence 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.



of oxide, the first layer 1104 of oxide and the silicon wafer 1102. The
groove 1128 may be etched in Tetra-Methyl -Ammoni um Hydroxide. Figure 1llh
shows t havothw/tisnd | ayer 1 1 18 of oxi de above the | apenr/SG2dm@/006210
polysilicon is etched. Metal 1130 may be deposited in the etched areas 1132
inthe third layer 1118 of oxide. A |layer 1134 of netal may be deposited
and patterned such that portions 1136 pf the third | ayer 1118 of oxide '
and a portion 1138 of the fourth |l ayer 1124 of oxide are covered by the

| ayer 1134 of netal. Figure 1li shows a wafer thinning perforned on the
second suCiIadMS 110 of the silicon wafer 1102. The second | ayer 1108 of
oxide is renoved. Afifth layer 1140 of oxide nay be deposited above the
second surface 1110 of the silicon wafer 1102. [0071] Figure H shows a
first trench etching performed in the fifth layer 1140 of oxide and the
silicon Wgfigfiskidimed fsavities 1142 may be formed in the fifth |ayer 1140

of oxi de and the silicon wafer 1102. Figure Il k shows a second trench
etching perforned 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 fer in the silicon wafer 1102.
Figure 111 sho lﬁmﬁgagmpgcj’@f] %/-lesyFtSW (m%%%vbcé’r‘fod’?wwgabove the first
surface 1106 of the silicqn wafer 1102. Cavities 1148 may be forned through
the fourth | ay®dPositigungpe P’d@‘iﬁ’ﬁﬂ’“ﬁﬁé' silicon wafer 1102 to the trenches
1144 and nay be formed through the oxide 1116 in the tooth structures 11 14
to the cavities 114firspgmpstiugtirghaviing #Hist pufase andyz sasend sugfieg] Whil e

enbodi ments of the invention have been particularly shown and descri bed
with reference to spsecoid amesiiotliraieayving a fitst sinfaot ahdoesegomtbsusfaoed by t hose

wherein the first surface of the first arm structure faces the first surface of
the second arm structure;
a first actuator disposed adjacent to the second surface of the first arm
structure facing away from the second arm structure; and
a second actuator disposed adjacent to the second surface of the second
arm structure facing away from the first arm structure;

a locking mechanism, comprising:
a first pair of locking elements arranged such that each locking element is
disposed at two opposite side surfaces of the first arm structure between'’
the first and second surfaces of the first arm structure; and
a second pair of locking elements arranged such that each locking element
is disposed at two opposite side surfaces of the second arm structure
between the first and second surfaces of the second arm structure;

wherein the first and second pairs of locking elements are configured to engage

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



skilled in the art that various changes in formand detail may be nade
therein without departing fromthe spirit and scope of the invention as
defi ned byothw/appended cl ai ms. The scope of the invent POm/SG0MNOER10

i ndi cated by the appended clains and all changes which come within the
meani ng and range of equival ency of the clains are therefore intended to be
enbraced. CLAIM5 What is clainmed is: 1.94A m croel ectronmechani cal system
(MEMS) device, conprising: a positioning nmechanismconprising: a first arm
structure having a first surface and a second surface; a second arm
structure having a first surface and a second surface; wherein the first
surface of the first armstructure faces the first surface of the second
arm st rucpur e; The MBEMS dadtdieftddimdi Sposed adj acent to the second surface of
the first armstructure facing away fromthe second armstructure; and a

second act uat ofy s PasAGhiALh HofiHe hﬁcﬁiﬁ%nﬁ%@ﬂgld%gﬁﬁﬁlﬁggfg rﬁg 36PRd arm

structure facing away fromthe first armstructure;, a chani sm

conpri si ng @ve%i.écir gt}u iptﬁle rdissggsehocl? Il s £ «?5? th%szer?tn Ayt Wflle %.ltl(? % gg%%? st arm

| ocki ng el enen Spo at” two opposite si surfaces o

SUTUCt Ur &, bel iRl B4 Lihe NP RSO0ANSULL 20 5% g fiTst arm

3. The MEMS device of claim 2,
wherein a sloping surface of the first wedge structure faces a sloping surface of

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 second wedge structure are configured to hold an optical component.

5. The MEMS device of claim 4,

wherein the optical component comprises a lens or a fibre.

6. The MEMS device of claim 5,
wherein if the optical component comprises a lens, the MEMS device further

comprises a waveguide.

7. The MEMS device of claim 5,



a second pair of l|locking elenments arranged such that each | ocking el enent
is disposed at two opposite side surfaces of the second arm structure

bet ween twe 2hiwmiosand second surfaces of the second ar mpstiSGeeogre)2invher ei n
the first and second pairs of |ocking elenents are configured to engage

wi th and disengage fromthe first and second arm structures respectively. 2.
The MEMS device of claim1l, further coygrising a holding mechanism the
hol di ng mechani sm conprising a first wedge structure disposed at the first
surface of the first armstructure and a second wedge structure di sposed at

the first surf aberedf iftthe opticandniponens icohplisdsea fiBre, THREMYYS déeie qRrRdr Cl ai m
2, wherein a sloping surface of the first wedge structure faces a sl oping

surface ofohheses 8 gRIW e WBRIAIrSE oHoldthe fibft: The MEMS device of claim 3,
wherein the sloping surface of the first wedge structure and the sl oping

surface of the second wedge structure are configured to hold an opti cal
conponent. 5. The MEMS device of claim4, wherein the optical conponent
corrprisesga | e ﬁfEﬁSfibre' 6. The I\{EIVB evice of claim5, wherein if the

opti cal co‘rrpongn? corrpflfvs“é%(’faanlyeoﬁg?f?ﬁl S >device further conprises a

wavegui de. 7. The ME evice of claimb5, wherein HI t he olecaI conponent
conprises a fiBPEM direeture fompaises a plurality of protruding portions
disposed along a portion or a whole of the two side surfaces of the first arm structure

facing the first pair of locking elements.

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

portion by a cavity.

10. The MEMS device of claims 8 or 9,
wherein each protruding portion of the first arm structure comprises a plurality of

tooth structures.

11. The MEMS device of claim 10,
wherein each tooth structure is spaced apart from an adjacent tooth structure by a

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.



conprises a groove configured to hold the fibre. 8. The MEMS devi ce of any
one of clains 1 to 7, wherein the first armstructure conprises a plurality
of protruatonrgiop@sdsions di sposed al ong a portion or a whelCe/sekowweoziow si de
surfaces of the first armstructure facing the first pair of |ocking

el ements. 9. The MEMS device of claim8, wherein each protruding portion is
spaced apart from an adjacent protrudigg portion by a cavity. 10. The MEM5
device of clains 8 or 9, wherein each protruding portion of the first arm
structure conprises a plurality of tooth structures. 11. The MEMS devi ce of
cl aim 10, wherein each tooth structure is spaced apart from an adj acent
tooth structure by a cavity. 12. The MEMS device of any one of claims 1 to

11, wherein t hend MEMS B&Nite 6fcldiRCll ng el ements conprises a plurality of
protrudi ng portions.13. The MEMS device of claim 12, wherein each

di b
Cavi ty. 14T RERE e UREETe Holucul RTALP JhAE B Bh USAER FrolBhg " DY 2

portion by a cavity.

14. The MEMS device of claims 12 or 13,
wherein each protruding portion of the first pair of locking elements comprises a

plurality of tooth structures.

15. The MEMS device of claim 14,
wherein each tooth structure is spaced apart from an adjacent tooth structure by a

cavity.

16. The MEMS device of any one of claims 1 to 15,
wherein the second arm structure comprises a plurality of protruding ponions
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 claim 16,
wherein each protruding portion is spaced apart from an adjacent protruding

portion by a cavity.

18. The MEMS device of claims 16 or 17,



wherein each protruding portion of the first pair of |ocking elenents
conprises a plurality of tooth structures. 15. The MEMS devi ce of claim 14,
wher ei n esohotoo@sdsistructure i s spaced apart from an adpatscommoizho
structure by a cavity. 16. The MEMS device of any one of clains 1 to 15,
wherein the second arm structure conprises a plurality of protruding
portions disposed along a portion or awhole of the two side surfaces of
the second arm structure facing the second pair of |ocking elenments. 17.
The MEMS device of claim 16, wherein each protruding portion is spaced
apart from an adip@irecdch pratuding pogtigosfithesecbiyd ame eiicture cdBBpristba pMirbfiiydevi ce
of clains 16 or 17,wherein each protruding portion of the second arm

st ruct ur eof@btrdtmeturad. pl urality of tooth structures. 19. The MEMS devi ce of
claim 18, wherein each tooth structure is spaced apart from an adj acent
tooth structure by a cavity. 20. The MEMS device of any one of clains 1 to
19, wherein the second pair of |ocking elenments conprises a plurality of

protrudi ngy PO {1}, ORfEMS device of claim 18,

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

cavity.

20. The MEMS device of any one of claims 1 to 19,
wherein the second pair of locking elements comprises a plurality of protruding

portions.

21. The MEMS device of claim 20,
wherein each protruding portion is spaced apart from an adjacent protruding

portion by a cavity.

22. The MEMS device of claims 20 or 21,
wherein each protruding portion of the second pair of locking elements comprises '

a plurality of tooth structures.

23, The MEMS device of claim 22,
wherein each tooth structure is spaced apart from an adjacent tooth structure by a

cavity.



21. The MEMS device of claim20, wherein each protruding portion is spaced
apart from an adjacent protruding portion by a cavity. 22. The MEMS device
of cl ai rewBQoovi4251 wherei n each protrudi ng portion of trhe/sSseaondopai r of

| ocki ng el enents conprises ' a plurality of tooth structures. 23. The MEMS
device of claim 22, wherein each tooth structure is spaced apart from an
adj acent tooth structure by a cavity.24g The MEMS device of any one of
claims 12 to 23, wherein in an initial stage, the plurality of protruding
portions of the first pair of |locking elenents are received in the
respective cavities of the first armstructure and the plurality of
protrudi ng portions of the second pair of |ocking elenents are received in

the respegti veThaMEMSdevite bhuhyone @ clamisn2stor2gct ure such that the first and
second pairs of |ocking elenents are engaged wth the first and second arm

structures respagleinV/il b infil sthfe tﬁ@ﬁf@aﬂ%ﬂ)%p%diﬁ% BortloRé of WSS Mivden a

power is supplied to the first and second pairs of | ocking elenents, the

Fove! sy RRERULRGY! SrodbcdQAh B EURIRN SnRLE of HAMELar O llcRE0IRG N0

nove away fro Irst a second ‘arm structures respective

MEMS devi f ai 5 m?erei when o] LS. s |ied to the.first and

second acﬁ@é@%}' §{" pro rélglflg poruons PdEDn pglrvgﬂoc ng eldNents ate réteved in the
respective cavities of the second arm structure such that the first and second pairs of

locking elements are engaged with the first and second arm structures respectively.

25. The MEMS device of claim 24,
wherein when a power is supplied to the first and second pairs of locking
elements, the first and second pairs of locking elements are adapted to disengage and

move away from the first and second arm structures respectively.

26.  The MEMS device of claim 25,
wherein when a power is supplied to the first and second actuators, the first and
second actuators are adapted to move towards or away from the first and second arm

structures respectively to move the first and second arm structures.

27. The MEMS device of claim 26,
wherein when the power supplied to the first and second pairs of locking elements
is switched off, the first and second pairs of locking elements are adapted to move

towards the first and second arm structures respectively such that the plurality of teeth



second actuators are adapted to nove towards or away fromthe first and
second arm structures respectively to nove the first and second arm

st ruct ur es0 28i/14405¢ MEMS devi ce of claim 26, wherei n wheaTISIGROGIEMENO
supplied to the first and second pairs of locking elenments is switched off,
the first and second pairs of |ocking elenents are adapted to nove towards
the first and second armstructures regpectively such that the plurality of
teethstructures of the first and second pairs of |ocking elenments interlock
with the plurality of teeth structures of the first and second arm

st ruct ur estnicagpeef the €ryt.and 8ecoAd PRIk et ociing plemehts M@terdocki witloHegthraRiysthani cal
system (MEMS) device, the nethod conprising: disengaging a first pair of

| ocki ng  efceiiBrustufds @Mt firkt il s8doild Atk Wehdhies ARpkcli@gngagi ng a second pair

of |l ocking elements froma second arm structure; noving the first and
second arm structures; and | ocking final positions of the first and second
armstructures. 29. The nethod of claim28, wherein disengaging the first
pair of |ggkin | f the.finst arm structure i sengagjng the
second pa‘?i?' of ‘g‘l 1%8@?%3&2@ 8#‘8‘% & %rl%lr)r‘lgl?%treo TSNt Pas?(sl{n?“slt@)tqgﬂg‘} Zle‘él ?fp#hleses
supplying a,power ta the first pair of |locking elenents and the second pair
of Iockin@mgggﬁgﬁ?gmg%ch that the first pair of |ocking elenents and the
second pair of |ocking el ements nove away the first armstructure and the
second arm st r HisNGRENE & Fﬁégt paie |o§, 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 arm structures.

29. The method of claim 28,

wherein disengaging the first pair of locking elements from the first arm structure
and disengaging the second pair of locking elements from the second arm structure
comprises supplying a power to the first pair of locking elements and the second pair of
locking elements such that the first pair of locking elements and the second pair of
locking elements move away the first arm structure and the second arm structure

respectively.

30. The method of claims 28 or 29,
wherein moving the first and second arm structures comprises supplying a power
to a first actuator to move the first arm structure and supplying a power to a second

actuator to move the second arm structure.



30. The nethod of clains 28 or 29, wherein noving the first and second arm
structures conprises supplying a power to a first actuator to nove the
first armvetznuctswrse and suppl ying a power to a second aeCusGacostoozrove t he
second arm structure. 31. The method of any one of clains 28 to 30, wherein
| ocking final positions of the first and second arm structures conprises
switching off the power supplied to thgyfirst pair of |ocking elenments and
the second pair of |ocking elenents such that the first pair of |ocking

el ements and the second pair of |ocking el enents nove towards and engage

t he first3hrm The method ®f amtored clhaaop8ltoBON st ruct ure respectively. 32. The
nmet hod of any one of clains 28 to 31, further conprising switching off the

power suppl i edwhérefnl®ckihg HnaPFdsiting of MIfitsh nd SR adf kivddt@les comprides MEL hod
of form ng a mcroel ectronechani cal system ( MEMS) device, the ne?hod

CONDI i Si Nely it HGROSH e Wovier shfpifed 'tégx%lrﬁégs}f a O'ff‘i& &id hdthe §woggg)girof a

silicon wafer; dep05|§|ng a‘secon oxl de above a secon urface of

the silic f er; ositi I r. of l.ysij)icon ahqve the.first. |ayer
of oxi de; gglr?g%hg&i erxllge%gsngl‘%atp %etg?l iﬁgég{eptaﬁe()fl 1§§%’¥g Sl‘re mﬁ%ﬁsyaglgﬁ%{% 8‘?1‘:0{1% p@‘)ﬂoo se the

first |ayer, .of i de. 34. The,nmethod of .cl ai m 33, wherei he first and
second | alyEKEE SIEMEREONE Lok 4 BEeRn JiFeish e g g the' second arm

structure respectively.

32. The method of any one of claims 28 to 31,
further comprising switching off the power supplied to the first actuator and the

second actuator.

33. A method of forming a microelectromechanical system (MEMS) device, the
method comprising;:
depositing a first layer of oxide above a first surface of a silicon wafer;
depositing a second layer of oxide above a second surface of the silicon wafer;
depositing a layer of polysilicon above the first layer of oxide; and

doping and patterning the layer of polysilicon to expose the first layer of oxide.
34. The method of claim 33,
wherein the first and second layers of oxide are deposited above the first and

second surfaces of the silicon wafer by low pressure chemical vapor deposition.

35. The method of claims 33 or 34, further comprising:



second surfaces of the silicon wafer by | ow pressure chem cal vapor
deposition. 35. The nethod of clains 33 or 34, further
conpri si yodepoiising a third | ayer of oxi de above the laysG2ab/opeiysilicon
and the exposed first |layer of oxide; and patterning the third | ayer of
oxide and the first |layer of oxide to expose parts of the silicon wafer.
36. The nethod of clains 33 or 34, fur4jher conprising: formng tooth
structures in the first |layer of oxide and the silicon wafer; depositing
oxide in the tooth structures; depositing a third |layer of oxide above the
| ayer of pol ysdéposningantdiirtl Hayeexposidd abovesthe llagee of pblysikicaleandatid gxpbdedr ni ng
the third | ayer of oxide and the first |ayer of oxide to expose parts of

t he sili cfirst ¥gtesf oxdde; adhie net hod of clains 35 or 36, further conprising:
etching a cavity in the third layer of oxide, the first layer of oxide and

the silicon %zﬁfermlﬁ?%edﬁi}e%}lef B8 oRidb QHA i firdYBYerdf SXALS dxpodt Wstdfon of

the cavity in the siTicon waf'er ' and over the exposed parts of the silicon
waf er. 38y . The %lpd of any one of clains 35 to 37, further conprising
patterning and etching a groove in the third | ayer of oxi de, the first

| ayer of oxide and the silicon wafer.39. The nethod of claim 38,

36.  The method of claims 33 or 34, further comprising:
forming tooth structures in the first layer of oxide and the silicon wafer;
depositing oxide m the tooth structures;
depositing a third layer of oxide above the layer of polysilicon and the exposed
first layer of oxide; énd
patterning the third layer of oxide and the first layer of oxide to expose parts of

the silicon wafer.

37. The method of claims 35 or 36, further comprising:

etching a cavity in the third layer of oxide, the first layer of oxide and the silicon
wafer; and

depositing a fourth layer of oxide in a portion of the cavity in the silicon wafer’

and over the exposed parts of the silicon wafer.

38.  The method of any one of claims 35 to 37,
further comprising patterning and etching a groove in the third layer of oxide, the

first layer of oxide and the silicon wafer.



wherein the groove is etched in Tetra-Methyl - Ammoni um Hydr oxi de. 40. The
nmet hod of any one of clains 35 to 39, etching the third | ayer of oxide
above t hewbayavisafsipol ysilicon; depositing netal in thepretrsioeasaneas in the
third | ayer of oxide; depositing and patterning a |ayer of netal such that
portions of the third | ayer of oxide and portions of the fourth |ayer of
oxi de are covered by the layer of neta32 4 1 The nethod of any one of
claims 33 to 40, further conprising: performng a wafer thinning on the
second surface of the silicon wafer; depositing a fifth |ayer of oxide
above the38ecohbe mghpdeécloimBhe silicon wafer; performing a first trench
etching in the fifth layer of oxide and the silicon wafer; performng a
second trench wheigimthe groovhe dic¢het lin TetyeeMetiyl-dommeniamndtdnexidé.| i con waf er .
42. The nethod of any one of clainms 33 to 41, further conpri sing:
perform ng a deep reactive ion etching above the first surface of the
silicon wafer; and perform ng an oxide strip.
40. The method of any one of claims 35 to 39,

etching the third layer of oxide above the layer of polysilicon;

depositing metal in the etched areas in the third layer of oxide;

depositing and patterning a layer of metal such that portions of the third layer of

oxide and portions of the fourth layer of oxide are covered by the layer of metal.

41 The method 6f any one of claims 33 to 40, further comprising:
performing a wafer thinning on the second surface of the silicon wafer;
depositing a fifth layer of oxide above the second surface of the silicon wafer;
performing a first trench etching in the fifth layer of oxide and the silicon wafer;
performing a second trench etching in the fifth layer of oxide and the silicon

wafer.

42. The method of any one of claims 33 to 41, further comprising:
performing a deep reactive ion etching above the first surface of the silicon wafer;
and

performing an oxide strip.



