MOVING STRUCTURE AND LIGHT SCANNING MIRROR USING THE SAME [DETAILED
DESCRIPTION OF THE INVENTION] [TECHNICAL FIELD] [0001] The present invention relates to
a moving structure having a moving plate which is pivoted by hinges and driven to swing by comb
tooth electrodes provided between a frame and the moving plate, and a light scanning mirror using the
same. [BACKGRAOUND ART]

MOVING STRUCTURE AND LIGHT SCANNING MIRROR USING
THE SAME

[DETAILED DESCRIPTION OF THE INVENTION]
[TECHNICAL FIELD]
[0001]

The present invention relates to a moving structure having a
moving plate which is pivoted by hinges and driven to swing by comb
tooth electrodes provided between a frame and the moving plate, and
alight scanning mirror using the same.

[BACKGRAOUND ART]
[0002]

Conventionally, it is known that some optical instruments such
as bar-code readers or projectors use a light scanning mirror to scan
light beams incident to a mirror by swinging a moving plate to which
the mirror is provided (see patent document 1, for example). As for
the light scanning mirror, a miniature one having a semiconductor
moving structure formed by using micro-machining technology is
known. Such a moving structure has a moving plate to which a
mirror face is formed when it is used as alight scanning mirror and a
stationary frame which supports the moving plate. The moving plate
and the stationary frame are coupled by hinges each other. The
moving plate rotates with respect to the stationary frame while
twisting the hinges so as to swing around the hinges serving as the
axes by applying a driving force to the moving plate. Asfor the
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[0002] Conventionally, it is known that some optical instruments such as bar-code readers or
projectors use a light scanning mirror to scan light beams incident to a mirror by swinging a moving
plate to which the mirror is provided (see patent document 1, for example). As for the light scanning
mirror, a miniature one having a semiconductor moving structure formed by using micro-machining
technology is known. Such a moving structure has a moving plate to which a mirror face is formed
when it is used as a light scanning mirror and a stationary frame which supports the moving plate. The
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formed too thin so as to generale arge eI tatlc force. When vibrations or an impact are/is applied
to the light $eppaing NYEQT fOMeREFIPEeand a quantity of displacement of the movmg plate in a lateral
direction becomes larger, the comb teeth provided on the moving plate may contact a stationary frame
or the like, pOB®@3}omb teeth provided on the stationary frame may contact the moving plate or the
like. Since each comb tooth is thin and weak, it may be broken when contacting such a stationary

frame or a moving [BatetHe AR\ The @Ol £SOt h] drecvode 2629 n such a light
scanning mirror is configured of alot of comb teeth which are formed
too thin so as to generate large electrostatic force. When vibrations
or an impact are/is applied to the light scanning mirror from outside
and a quantity of displacement of the moving plate in a lateral
direction becomes larger, the comb teeth provided on the moving
plate may contact a stationary frame or the like, or the comb teeth
provided on the stationary frame may contact the moving plate or the
like. Since each comb tooth isthin and weak, it may be broken
when contacting such a stationary frame or a moving plate.
[PARENT DOCUMENT 1] JP 2004-13099A
[DISCLOSURE OF INVENTION]
[PROBLEMS THAT THE INVENTION IS GOING TO SOLVE]
[0004]

The present invention is conceived in consideration of the
above mentioned problem and purposed to provide a moving structure
and a light scanning mirror using the same, which can be
manufactured easily and has a high crashworthy because the comb
tooth electrodes are nonbreakable even when an impact shock is
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[DISCLOSURE OF INVENTION] [PROBLEMS THAT THE INVENTION IS GOING TO SOLVE] [0004]
The present invention is conceived in consideration of the above mentioned problem and purposed to
provide a moving structure and a light scanning mirror using the same, which can be manufactured
easily and has a high crashworthy because the comb tooth electrodes are nonbreakable even when
an impact shock is applied from outside. [MEANS TO SOLVE THE PROBLEMS] [0005] For
achieving the above mentioned purpose, the invention of claim 1 relates to a moving structure
comprising: a moving plate; twinéﬂnges constituting an axis of swing motion of the moving plate
wherein an @a'H g&}f)'?'mr@ét% Bnnected to the moving plate; a frame to which another end of each

of the twin Il:t i Eéie nghwﬂ?ﬁ g\mgpges, and comb tooth electrodes, which are
formed to i &fgéf&gjﬁ% 21/ ﬁ?ﬁgﬁ plate and a part of the frame to face each
other, and | J\e moving plate with respect to the frame, characterized in that the stoppers, which
are disposed to contact another portion of the moving structure except the comb tooth electrodes,

when the moving pletsCigHASERBP HRIABRENGIGIKY Sl Fissiaceme ThobiapPying plate in a
t

direction parallel to an upper face of the moving plate, are further comprised; and the stoppers are

configured ] figrine FAIARCS!66TECABIAMRISREUICAIIE 2DPHRT S101g O™ Phihd MPYNaElrugise which

contacts the stopper when the moving plate displaces in a lateral direction.
hinges constituting an axis of swing motion of the moving plate
wherein an end of each hinge is connected to the moving plate; a
frame to which another end of each of the twin hinges is connected
and which supports the hinges, and comb tooth electrodes, which are
formed to interdigitate each other on a part of the moving plate and a
part of the frame to face each other, and swing the moving plate with
respect to the frame, characterized in that the stoppers, which are
disposed to contact another portion of the moving structure except the
comb tooth electrodes, when the moving plate displaces so as to
restrain a quantity of displacement of the moving plate in a direction
parallel to an upper face of the moving plate, are further comprised;
and the stoppers are configured to be the same el ectric potential as
that of another portion of the moving structure which contacts the
stopper when the moving plate displaces in alateral direction.
[0006]

The invention of claim 2 is characterized in that the stoppers
are integrally formed with the moving plate or the frame, in the
invention of claim 1.

[0007]
The invention of claim 3 is characterized in that a chamfer of a
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[0006] The invention of claim 2 is characterized in that the stoppers are integrally formed with the
moving plate or the frame, in the invention of claim 1. [0007] The invention of claim 3 is characterized
in that a chamfer of a round shape is formed at each corner of the stoppers, in the invention of claim 1
or claim 2. [0008] The invention of claim 4 is characterized in that a sticking prevention film or a
protrusion is formed on at least a part of each of the stopper so as not to occur sticking between the
stopper and one which contacts the stopper, in the invention of one of claim 1 to claim 3.

round shape is formed at each corner of the stoppers, in the invention
of claim 1 or claim 2.
[0008]

The invention of claim 4 is characterized in that a sticking
prevention film or a protrusion is formed on at |east a part of each of
the stopper so as not to occur sticking between the stopper and one
which contacts the stopper, in the invention of one of claim 1 to claim
3.

[0009]

The invention of claim 5 is characterized in that a mirror face
for reflecting incident light is provided on a top face of the moving
plate of the moving structure in one of claim 1 to claim 4.
[EFFECTS OF THE INVENTION]

[0011]

According to the invention of claim 1, a quantity of the
displacement of the moving plate in alateral direction isrestrained by
contacting the stopper to a part of the moving structure, even when
the moving plate is displaced in the lateral direction by applying an
impact from outside, for example. Therefore, since the comb teeth
of the comb tooth electrode may not contact the moving plate or the
stationary frame or the like, breakage of the comb tooth electrode is
prevented, and thus, crashworthy of the moving structure can be
enhanced. Since the crashworthy can be enhanced by providing the
stoppers in the vicinity of the comb tooth electrodes, the moving
structure can be manufactured relatively easier.
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[0009] The invention of claim 5 is characterized in that a mirror face for reflecting incident light is
provided on a top face of the moving plate of the moving structure in one of claim 1 to claim 4.
[EFFECTS OF THE INVENTION] [0011] According to the invention of claim 1, a quantity of the
displacement of the moving plate in a lateral direction is restrained by contacting the stopper to a part
of the moving structure, even when the moving plate is displaced in the lateral direction by applying an
impact from outside, for example. Therefore, since the comb teeth of the comb tooth electrode may not
contact the m&vi&i plate or the stationary frame or the like, breakage of the comb tooth electrode is
prevented, :E s, crashworthy of the moving structure can be enhanced. Since the crashworthy

e R B MAFAY: SHER R\t aae oo
be formed easily by processing a member which constitutes the
moving plate or the frame when forming the moving plate or the
frame, the moving structure can be manufactured much easier.

[0013]

According to the invention of claim 3, since there is no
aculeate shape at a portion of each of the stoppers which contacts
another portion of the moving structure in the displacement of the
moving plate, stress rarely concentrates to the stopper and the portion
contacting with the stopper when the portion contact. Therefore, it
Is possible to prevent the breakage of the stopper or the portion of the
moving structure contacting the stopper.

[0014]

According to the invention of claim 4, even when the stopper
contacts another portion of the moving structure due to the
displacement of the moving plate in alateral direction, it is possible
to prevent that the moving plate becomes immovable to swing due to
occurrence of sticking by electrostatic force.

[0015]

According to the invention of claim 5, even when the stopper
contacts another portion of the moving structure due to the
displacement of the moving plate in alateral direction, it is possible
to prevent that the moving plate becomes immovable to swing
because occurrence of sticking is prevented by the sticking prevention
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According to the invention of claim 2, since the stoppers can be formed easily by processing a
member which constitutes the moving plate or the frame when forming the moving plate or the frame,
the moving structure can be manufactured much easier. [0013] According to the invention of claim
3, since there is no aculeate shape at a portion of each of the stoppers which contacts another portion
of the moving structure in the displacement of the moving plate, stress rarely concentrates to the
stopper and the portion contacting with the stopper when the portion contact. Therefore, it is possible
to preventil reak e of the stopper or the portion of the moving structure contacting the stopper.
[0014] ﬁ(!@r ﬂ@“\l/@é) of claim 4, even when the stopper contacts another portion of the
moving strw §joe to the displacement of the moving plate in a lateral direction, it is possible to
prevent th ving plate becomes immovable to swing due to occurrence of sticking by

electrostatic force. [ ﬁi,gq 'I’%Eﬁ Y]e(§fl éifrﬁlﬁn] i f‘?ﬁé%rr%wa {p ¢ IﬁBHI%r contacts

another portion of the movmg tructure du ISp acemedt of ving pla eral

direction, itiﬁ@?ﬁ%@ﬁ/\?@)ﬁ %Ffﬁ%tlt{g’rﬁs‘nckmg l‘?%erﬁ?ﬁ%%ﬁwtﬁ"fﬁ%ﬁ%f%éﬁﬁ'f@%ause

occurrence of sticking is prevented by vention
light scanning mirror easily.

[BEST MODE FOR CARRYING OUT THE INVENTION]
[0017]

Hereinafter, a first embodiment of the present invention is
described below with reference to figures. FIG. 1, FIG. 2 and FIG. 3
show an example of alight scanning mirror (a moving structure) in
accordance with this embodiment. The light scanning mirror 1 isa
miniature one which is to be mounted on an optical instrument such
as a bar-code reader, a projector apparatus which projects an image on
an external screen, or alight switch, and has a function to scan light
beams which are incident from external light source or the like (not
shown in the figures).

[0018]

First, a configuration of the light scanning mirror 1is
described. The light scanning mirror 1 isa MEMS (Micro Electro
Mechanical System) device manufactured by processing a SOI
(Silicon on Insulator) substrate 200 using so-called micro machining
technology. Asshown in FIG. 1, the SOI substrate 200 is a
triple-layered substrate consisting of afirst silicon layer (activation
layer) 200a and a second silicon layer (substrate layer) 200b which
are joined via asilicon oxidation film (BOX (Buried Oxide) layer)
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film or the protrusion. [0016] According to the invention of claim 6, it is possible to enhance the
crashworthy of the light scanning mirror and to manufacture the light scanning mirror easily. [BEST
MODE FOR CARRYING OUT THE INVENTION] [0017] Hereinafter, a first embodiment of the
present invention is described below with reference to figures. FIG. 1, FIG. 2 and FIG. 3 show an
example of a light scanning mirror (a moving structure) in accordance with this embodiment. The light
scanning mirror 1 is a miniature one which is to be mounted on an optical instrument such as a

cwitch, ancHe0 o Eln 3o TEHOBLLNE At e SERIEH HOF CAKTal ght source or the like
(not shown é:rﬁg}%éit%%%f?c,[%]es}i rst silicon layer 200a and the second silicon layer

200b are electrically insulated each other. A thickness of the first

silicon layer 200a is about 30um, and a thickness of the second

silicon layer 200b is about 400pum. As shown in FIG. 2, the light

scanning mirror 1 is arectangular solid device that a top face thereof

Is substantially square or substantially rectangular of about several

mm in planar view.

[0019]

The light scanning mirror 1 comprises a moving plate 2 having
substantially a rectangular shape in planar view and a mirror face 10
formed on atop face thereof, twin hinges 3 which are respectively
connected to both end portions of the moving plate 2 at an end of
each and constitute an axis of swing motion of the moving plate 2, a
stationary frame (frame) 4 disposed to surround peripheries of the
moving plate 2 and to support other end portions of the hinges 3,
comb tooth electrodes 5 having electrodes 2a at a part of the moving
plate 2 and electrodes 4a at a part of the stationary frame 4, and
stoppers 6 formed on the moving plate 2. Asshownin FIG. 3, a
space is formed below the moving plate 2, and the moving plate 2 is
supported through the hinges 3 to be swingable with respect to the
stationary frame 4 around the hinges 3 serving as the axis of swing
motion while twisting the twin hinges 3. The twin hinges 3 are
formed so that an axis formed by them passes through a center of
gravity of the moving plate 2 in planar view. A width dimension of
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First, a configuration of the light scanning mirror 1 is described. The light scanning mirror 1 is a MEMS
(Micro Electro Mechanical System) device manufactured by processing a SOI (Silicon on Insulator)
substrate 200 using so-called micro machining technology. As shown in FIG. 1, the SOI substrate 200
is a triple-layered substrate consisting of a first silicon layer (activation layer) 200a and a second
silicon layer (substrate layer) 200b which are joined via a silicon oxidation film (BOX (Buried Oxide)
layer) 220. Since the oxidation film 220 has electric insulation characteristic, the first silicon layer 200a
and the sec&nd silicon | yerr%gOb are electyically insulated each other. A thickness_of the first silicon

layer 200a SHOIERHrh 157D i SRYEL2 bRk 98 XATANdSH Sal/dR 260h $X aBdRI&400pm. As shown
ouoT e om. 5 show!
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moving plate 2, a stationary frame (frame) 4 disposed to surround peripheries of the moving plate 2

and to sup@ijwtﬂ@éymﬁagpm@@?m@ i@jp@ﬁ@vggmbﬂqgga@ipp@odep@h@?ﬁg electrodes 2a at a

part of the moving plate 2 ‘and electrodes 4a at a part of the stationary frame 4, and stoppers 6 formed
on the movisgapliatad.miv sbpwn erheted sreedi tuitdsbbetd B tbe theMikepkde Bapad the

moving plate 2 is supported through the hinges 3 to be swingable with respect to the stationary frame
4 around thglbisgssldsteatad B ilsg akiredf KovanHottion fadiealvihia tak onear yidgane. 4 he twin
hinges 3 are formed so that an axis formed by them passes through a center of gravity of the moving
plate 2 in plk@aex@MpPAwidth dimension of the hinges 3 is about several jtm to several tens jtm, for
example. Voltage application areas such as metal films 10a and 10b are formed on a top face of the
stationary fl4Req] Besides, the shapes of the moving plate 2 and the mirror face 10 are not limited to

a rectangle, and, they may be a circle or_an oval, for.example. The light scanning mirror 1 is mounted
on a circuit board B'%?@EQW@é&Ez&@ 3, the moving g]ateE and the hi nge%rg are

formed on the first silicon layer 200a. The mirror face 10 is athin
film made of aluminum, for example, and formed to reflect light
beams incident to the top face of the moving plate 2 from outside.
The moving plate 2 is formed substantially symmetrical shape with
respect to a plane perpendicular to the moving plate 2 and passing
through the hinges 3, and configured to swing smoothly around the
hinges 3.
[0021]

The stationary frame 4 is configured of the first silicon layer
2003, the oxidation film 220 and the second silicon layer 200b. In
this embodi ment, trenches 101 are formed on the stationary frame 4
so asto divide the first silicon layer 200a into three regions which are
electrically insulated each other, for example. The trenches 101 are
spaces formed to be channel shapes communicating top end to bottom
end of the first silicon layer 200a to reach the oxidation film 220.
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glass substrate 110 is joined to a bottom face of the stationary frame 4, for example. [0020] As
shown in FIG. 3, the moving plate 2 and the hinges 3 are formed on the first silicon layer 200a. The
mirror face 10 is a thin film made of aluminum, for example, and formed to reflect light beams incident
to the top face of the moving plate 2 from outside. The moving plate 2 is formed substantially
symmetrical shape with respect to a plane perpendicular to the moving plate 2 and passing through
the hinges 3, and configured to swing smoothly around the hinges 3. [0021] The stationary frame 4

fi f the first sili I 200a,th tion film 220 d sil 200b. |
s omboA B SOR LGOS Ahed Y oL G, W <5 U e DS sicon

107 are spt e s DRt ALhE i@%éﬁ%%ﬁhﬂ@méﬂi oo LB B e first sifcon
ayer 200, HErETa) Iob Lo St MRS R ey ﬁ%bﬁhﬁ% B A et ac four
places so s THEPETPUURNS 5L AEREUBRIEESS 129V lffaiast espectvely

connected to the twin hinges 3 are electrically insulated from other portl s of the stationary frame 4.

rTnf(‘)i itQINO SURRETERAIPPIFRIES?Y are lieeee MII?)?QWS@I“ apsion® Acathecrirershrosianreof the
g plate 2 except the portions where the electrodes 2a are formed, as described later.

stationary frame 4. The two supporting portions 4b are formed to
locate at portions facing peripheral portions of the moving plate 2
except the portions where the electrodes 2a are formed, as described
later.
[0022]

In this way, by forming the trenches 101, the stationary frame
4 is divided into the two supporting portions 4b which is to be at the
same electric potential of the moving plate 2 connected to the twin
hinges 3 and to which a voltage application area 10ais formed on a
top face thereof and two portions which has the electrodes 4a and to
which voltage application areas 10b are formed on top faces thereof.
Since the trenches 101 divides the first silicon layer 200a, these
portions are electrically insulated each other. In other words, as
shown by adding patterns to respective portionsin FIG. 2, the moving
plate 2, the hinges 3 and the stationary frame 4 are configured by
three portions electrically insulated each other.
[0023]

The electrodes 2a of the comb tooth electrodes 5 are formed in
side end portions of the moving plate 2 serving as free ends where the
hinges 3 are not connected, and the electrodes 4a are formed in
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[0022] In this way, by forming the trenches 101, the stationary frame 4 is divided into the two
supporting portions 4b which is to be at the same electric potential of the moving plate 2 connected to
the twin hinges 3 and to which a voltage application area 10a is formed on a top face thereof and two
portions which has the electrodes 4a and to which voltage application areas 10b are formed on top
faces thereof. Since the trenches 101 divides the first silicon layer 200a, these portions are electrically
insulated each other. In other words, as shown by adding patterns to respective portions in FIG. 2, the

neuiaied ohOTHER Q0L SACHADAAIGIRE 24 BF N0 IR AL RS He Wfimed n sice
ciochodes NN MEEE por i SEm e s e PR A PR o e
electro | | I
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the electrodes 2a and 4a are about 2jtm to 5p.m. [0024]
as much as possible in alimited space to provide the comb tooth

electrodes 5. Gaps between the electrodes 2a and 4a are about 2um
to Sum.
[0024]

The stoppers 6 are provided to restrain a quantity of
displacement of the moving plate 2 in alateral direction, that is, in a
direction substantially perpendicular to an axis of swing motion
configured by the hinges 3 and substantially in parallel with the top
face of the SOI substrate 200. Asshown in FIG. 2, the stoppers 6 are
formed integrally with the moving plate 2 on the first silicon layer
200a. In this embodiment, the stoppers 6 are formed to protrude at
four corners of the moving plate 2 positioned outside in arranging
direction of the comb tooth electrodes 5 toward the stationary frame 4
facing the corresponding regions of the moving plate 2. The
stoppers 6 are formed so that front ends of them near to the stationary
frame 4 adjoin the supporting portions 4b of the stationary frame 4.
The stoppers 6 are formed not to block the swing motion of the
moving plate 2 in anormal state where no mechanical shock is
applied to the light scanning mirror 1 from outside. The stoppers 6
are configured to protrude toward the regions of the supporting
portions 4b of the stationary frame 4 arranged in parallel with the
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The stoppers 6 are provided to restrain a quantity of displacement of the moving plate 2 in a lateral
direction, that is, in a direction substantially perpendicular to an axis of swing motion configured by the
hinges 3 and substantially in parallel with the top face of the SOT substrate 200. As shown in FIG. 2,
the stoppers 6 are formed integrally with the moving plate 2 on the first silicon layer 200a. In this
embodiment, the stoppers 6 are formed to protrude at four corners of the moving plate 2 positioned
outside in arranging direction of the comb tooth electrodes 5 toward the stationary frame 4 facing the

corresponding regions of the moving plate %?;Th S ers 6 ar formeg%ﬁso that front ends of them
near to the bf%lgﬁ%.ué; @gﬁﬁe X'Sd?&ﬂ%hgsﬂ &%éﬁ%ﬁ]m%{%ﬁm@ |mﬁ%§r@ 4. The stoppers
6 are formegS ot to block taﬁ Wi otig éﬁfie moving plate 2 in a normal state where no
mechanical #E%ﬁ% Lﬁ')% %é@ﬁgﬁfgsé]gﬁ i bqlnirror 1 from outside. The stoppers 6 are configured
to protrude qgg the regions of the supporting portions 4b of the stationary frame 4 arranged in
parallel withr the hinges 3, and, the moving plate 2, the hinges 3 and the stoppers 6 become the same

electric potential. [0825kn oS TBIGIDFIhanf BRSNS GRiNes iR 1D IR RA38% A provided

at corners in the vicinity of the front ends of the stoppers 6. The stoppers 6 are formed so that gaps

between the)RiRABIREE Gta06H Hier SUPPATENG BRGNS EATIT RAITRVGT thanstgppdiefgeen the

electrodes 2a and the stationary frame 4 and gaps between the electrodes 4a and the moving plate 2.

In addition, Fiiekistoprsarendaar élfior (netlissthttdgapgbdtowesh ateefstopdars @gindsthkthe

stoppers 6 facing the moving plate 2. The sticking prevention films are provided by forming DLC
(Diamond Lk partiony fiparorassMviSedcsmmide tovi@rolhger )gapthbebgieas théhe stoppers 6
facing the moving plate 2, for example. [0026] Subsequently, motion of the light scanning mirror 1
which is cosligateadesabaani the isomaiy fanng Alardgapsdiriiveeartfey mirror 1 is driven
when the comb tooth electrodes 5 generate driving forces at predetermined driving frequency. The
comb tooth @eetrewiessia e iEie Ay ngngl dRages Al isradstEeRiRgd driving frequency

between the electrodes 2a and 4a with periodically varyjng the electri¢ potentjal of the voltage
application QF@X@@H%%%WI% Téﬁ?ﬂ@tﬁé’dﬁéb&él&ﬁf t%?§£%% &bted! A8 nder a state

that the volt application a 10a disposed in the su tin rtion 4b.is connected to the ground
electric poté?ﬁ&?é) oppers %e?aCI ng ﬁge moving aaﬁgoé g'Pﬁe ICKINg prevention g

films are provided by forming DLC (Diamond Like carbon) film or
SAM (Self-assembled Monolayer) on the regions of the stoppers 6
facing the moving plate 2, for example.

[0026]

Subsequently, motion of the light scanning mirror 1 which is
configured as above is described. The moving plate 2 of the light
scanning mirror 1 is driven when the comb tooth electrodes 5 generate
driving forces at predetermined driving frequency. The comb tooth
electrodes 5 are driven by applying voltages having a predetermined
driving frequency between the electrodes 2a and 4a with periodically
varying the electric potential of the voltage application area 10a
which will be the same electric potential as that of the electrodes 4a
under a state that the voltage application area 10a disposed in the
supporting portion 4b is connected to the ground electric potential and
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the electrodes 2a of the moving plate 2 is at a reference electric potential, for example. Two sets of the
electrodes 2a provided in both end portions of the moving plate 2 are simultaneously gravitated to the
electrodes 4a facing thereto by electrostatic force by varying the electric potentials of two sets of the
electrodes 4a of the comb tooth electrodes 5 to predetermined driving electric potential (for example,
several tens volts), simultaneously. In this light scanning mirror 1, it is configured that pulse voltages of
rectangular waveforms, for example, are applied to the comb tooth electrodes 5, and the driving forces

caanning mif8A SRR Lk 61000 PO LD 2.4ty L EEGESAR SRR the driving force.
for example hevo applied betw e electr, nd 4a perigdically,
electrostgtipé@ﬁg higﬂ ;%gmg%gﬁf\’y@g%ﬁgﬁe&@%é?ééﬁng%%;%ﬁ@gf cﬁé@\’(—ﬁan )k/)O'[h of the
lectrod , ; , j f j late 2 in
directions S m o O, O o e ey e e
around the {ges & SaRIRERIad Pl SHEGRIIR PR SlBffERSHiRBIP<AaryiRg driving

voltages are applied to the comb tooth efectrodes 5 from outside by varying the electric potentials of

the voltage gppksaben @isoteHtrapsofl B d¥&t8lof tha eHshtigEscaaBRg irEgnbthe moving plate

2 does not take level posture and inclines a little in a state of rest due to occurrence of internal

stresses or thetfkeldchetes B to predetermamecheie by org eldotrid @eferet althgfiothe comb tooth

electrodes 5 are driven from the state of rest, the driving forces act on the moving plate 2 in the
direction substmialy peveraliiteis wwit Fndithusl térecoasiyy plarethirstagistasoandithg hinges 3
serving as the rotation axis. Subsequently, when the posture of the moving plate 2 becomes in parallel
with the stafidii&@y flartiel 8, enafiguiedsthal (il seev@bagrsof2 keatanpelkas siradeforamsmpletely
overlap each other in side view, the driving forces of the comb tooth electrodes 5 are released, so that

the moving istexarapliauateARrRbLdIaIRRIsMRHO Aty etes hpdRsth, fongt thereof. When the

inertia force of the moving plate 2 in a rotationa] direction becames equal to. the restitution forces of the
inges 3. U IVRBACTGRS R6UNG SRR SRR ORSRBETR TG BSEAHY comb tooth

electrodes 5 are %\ﬁ; again, and the moving plate 2 starts to rotate in the opposite direction by the
restitution fSBE" hinges 3 and the driving forces of the comb tooth electrodes S. The moving
plate 2 is svt/Ha%ﬂ/ repeating such rotations due to the driving forces of the comb

In this embodiment, the light scanning mirror 1 is configured
to swing the moving plate 2 by electrostatic force as the driving force,
for example. When the voltages are applied between the electrodes
2a and 4a periodically, electrostatic forces which act in directions to
gravitate each other are generated between both of the electrodes 2a
and 4a, and thus, the electrostatic forces act on the free ends of the
moving plate 2 in directions substantially perpendicular to the top
face of the moving plate 2. In other words, a torque around the
hinges 3 is generated in the moving plate 2 by the electrostatic forces,
when driving voltages are applied to the comb tooth electrodes 5 from
outside by varying the electric potentials of the voltage application
areas 10a and 10b.

[0028]

12



tooth electrodes 5 and the restitution forces of the hinges 3. The comb tooth electrodes 5 are driven by
applying the voltages having a frequency about two times as large as a resonance frequency of a
vibration system configured of the moving plate 2 and the hinges 3, and the moving plate 2 is
configured to be driven with resonance phenomenon so as to enlarge the swing angle thereof.
Besides, since application manner and frequency of the voltages to the comb tooth electrodes 5 are
not limited to the above mentioned cases, it may be configured that the driving voltages are applied as

ar6 varied in opposkt SHELEU GAL SGRLI LY O HerdoLONBAARIELEA IS RIr 1 has high
h h ded. . h h .
orovited. FIaKs W< e A e S R R A ctopperss. 10 &
[ hapical ike | li i i i f
N AL e A R L (AN
facing thereﬁqa.ﬁ}t,te&gg]e%@ﬁ%” _ratiwépoqr@qmﬁ ?ﬁfﬁ@%ﬁﬁf‘é@[ﬂ’?@@éﬂ%ﬁ%‘ t scanning

mirror 1 from outside, thé moving plate 2 may displace in a lateral direction (shown by arrow in the

figure) fromgfie dqiyenl Faio thiet StatieeatirRsdion IseRFANTRY GRERSNMIE W thddavinef the swing

motion and substantially in parallel with the top face of the SOT substrate 200 while deforming the
hinge 3, as sharer2inrihgéadineedtioensubseatityadfytheatiseladrroeat ob the aryitlgudatei@ in the
lateral direction becomes larger, the stopper 6 contacts a side end portion of the supporting portion 4b,
so that the dixplangnsat ef2hotabes gnoaredtingtid ngestdrsés vengaasethandtétisntaxsiantity of
the displacement may not be increased no more. In a state that the stopper 6 contacts the side end
portion of tHauhiggsuend| yoitidread hadpesi eoatht betnaaIEagdokal @ 2 deaonaestHet the stationary

frame 4 and the comb tooth of the electrodes 4a do not contact the moving plate, so that the comb

tooth electrb@éalbehwhibithestatosmry fiamestiohahésigh scsttpgnatridiel is manufactured by

processes as follows, for example. First, a SOT substrate 200 is formed by forming an oxidation film
520 on .18 GGG S0 R SELIFPIRES A CATAIGUR! KO 008 R BoRtAgibaquently,

clocrrodes SIRNHR LSRR NG Foress o M oY UR P & S0 R e B SOT substrate
e S R AR R A B i e
e PRSI e e W e e e o e
e TERALL iR gtad spi o Baaslepptetle o L0

restitution forces of the hinges 3, the rotation of the moving plate 2 in

the direction stops. At this time, the comb tooth electrodes 5 are

driven again, and the moving plate 2 starts to rotate in the opposite

direction by the restitution forces of the hinges 3 and the driving

forces of the comb tooth electrodes 5. The moving plate 2 is swung

by repeating such rotations due to the driving forces of the comb

tooth electrodes 5 and the restitution forces of the hinges3. The

comb tooth electrodes 5 are driven by applying the voltages having a

frequency about two times as large as a resonance frequency of a

vibration system configured of the moving plate 2 and the hinges 3,

and the moving plate 2 is configured to be driven with resonance
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[0031] Subsequently, a shape which will be the stationary frame 4 is formed on the second silicon
layer 220b by processing the bulk micro machining technology, similarly (second process). Etching of
the oxidation film 220 is performed after processing the first silicon layer 200a and the second silicon
layer 200b. A part of the oxidation film 220 other than the stationary frame 4 is removed by performing
the etching process from below the light scanning mirror 1, for example (third process). Thereby, the
moving plate 2 becomes a swingable state with respect to the stationary frame 4 by being pivoted on

the stationaé)égamthrou h the hinges 3. lurality of the li Ht scanning irr.(a'slare formed on
the SOT su Q@@@B‘B’Q ﬁas@% e MERY fY thir ﬁﬁ) s SNAEF the third

By inese soHl e AL LB B RS B G LR et it =
simultaneo%?gﬁ%a‘@ é grlgéOﬁB‘P\?ﬁﬂ fﬁfﬁﬁﬁg%ﬁ@mrmg § {igﬂtaizg%ning mirrors

1. In addition, the manu ring processes of canning mirror 1 are’not lim o these, and it

is possible Eb'?ﬁz}gﬂﬂé‘(ﬂ’ Wdﬂﬂ%ﬁiﬂ?ﬁ?& ‘&Jgﬂ%fg’é% ‘éf?é’%é@rﬁ?i—‘éésa%r dRU&S Rdpay be formed

one by one. In addition, the processing of the second silicon layer 200b may be performed prior to the

processing fbfthesfinst $Hiﬁf?9)}%ér(ﬁ99‘ﬁ‘g[9é§ﬂ£1at ﬂ’iﬂ%ﬂ@@ﬂ%‘j i alRcsfthgedisplacement of the
e breakage of the co

moving plate 2 is restrained, and thus, t mb tooth electrodes 5 can be prevented

by providingtbetstigs ebandhiracanpockimeat.i the prrosive tinastthedahiotbrmning mirror 1 can be

enhanced. In addition, since the moving plate 2 is pivoted by the hinges 3, it is hard to displace in a
longitudinal[ @@&%pn of the axis of swing motion configured by the hinges 3. Therefore, a quantity of
the displacement of the moving plate 2 in an in-plane direction in parallel with the top face of the SOT

substrate 200 can Hd esetipipiad thebighlissassiipie @y B9 plolraml gfe etespvod.Bhd thus, it is
possible to prevent the breakage of the comb tooth electrodes 5 effectively. In addition, the chamfers
6a of round&@&@mfﬁeawmé SHPERVELEH it e ealeut BHARGARd pdktion

the stopparS® SHRDRS S BRIRAARE 4. EhG CTIBIE EGIB0A SRRhETe5e R ioppers 6
orthe Statiorrr'l?wgrraT Fn4the vicinity of the stoppers 6. In anormal state where no
mechanical shock or the like is applied to the light scanning mirror 1
from outside, it isin the state that gaps are formed between the
stoppers 6 and the supporting portions 4b facing thereto. At this
time, when vibrations or a mechanical shock are/is applied to the light
scanning mirror 1 from outside, the moving plate 2 may displace in a
lateral direction (shown by arrow in the figure) from the normal state,
that is, the direction substantially perpendicular to the axis of the
swing motion and substantially in parallel with the top face of the SOI
substrate 200 while deforming the hinge 3, as shown in the figure.
When a quantity of the displacement of the moving plate 2 in the
lateral direction becomes larger, the stopper 6 contacts a side end
portion of the supporting portion 4b, so that the displacement of the
moving plate 2 in the direction is restrained, and thus, the quantity of
the displacement may not be increased no more. In astate that the
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[0033] Furthermore, the stoppers 6 and the supporting portions 4b of the stationary frame 4 are at
the same electric potential, and the sticking prevention films are formed on the regions of the stoppers
6 which may contact the supporting portions 4b. Therefore, even when the stopper 6 contacts the
supporting portion 4b, sticking due to electrostatic force hardly occurs, and thus, it is possible to
prevent that the moving plate 2 becomes immovable, surely. Still furthermore, since the stoppers 6 can
be formed integrally with the moving plate 2, the light scanning mirror 6 can be manufactured relatively

moing P SIS GO R R NSl LIS r BE RSB ARG fBere  anc e
cmboament k ECpecioe® B Rt B gt r s B on e
stoppers. Fi fshpuAaNGUDIn SLiHSIAARRE Brupdfiscanaxins, Sanklegthsbaped

convexities are formed at a port pper may contact the stationary frame 4

when the MeyiRgiRlals 2 displanes B BRI JBBG IR JesBYardlsfolee aavexities 16a are

formed on the stopper 16, when the stopper 16 contacts the stationary frame 4, contacting areas of
them becomg ller. Thereby, since affect of electrostatic force between the stopper 16 and the
stationary frame 4 becomes smaller, occurrence of sticking can be prevented. In addition, the shapes

of the convexities 1fa adlithdad thaegavstatinigigwas rorelcmvaaitefatiarad bieferably formed
to have shapes not to concentrate stresses to contacting portions when the stopper 16 contacts the

stationary fiaroedsses tefod@wis< preéxabiplte. forfa ssickin S Ere gelisbralier20Q psrtions of the
stoppers 16 contacting the stationary frame 4 when the convexities 16a are formed on the stopper 16,
so that occipemeddpytimingi aghase erédebien $iken2R088) a first silicon layer 200a

and attaching a second silicon layer 200b thereon. Subsequently,

shapes which will be the moving plate 2, the hinges 3, the stationary

frame 4, the comb shaped electrodes 5 and the stoppers 6 are formed

on thefirst silicon layer 200a side of the SOI substrate 200 by

so-called bulk micro machining technology such as photolithography,

or etching (first process). In this way, each portion of the light

scanning mirror 1 including minute shape can be formed easily by

using the bulk micro machining technology. Subsequently, a metal

film is formed on atop face of the first silicon layer 200a of the SOI

substrate 200 using sputtering method or the like. The mirror face

10 isformed on atop face of the moving plate 2 and the voltage

application areas 10a and 10b are formed on a top face of the

stationary frame 4 by pattering the metal film.

[0031]

Subsequently, a shape which will be the stationary frame 4 is
formed on the second silicon layer 220b by processing the bulk micro

machining technology, similarly (second process). Etching of the
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Subsequently, a second embodiment of the present invention is described. FIG. 6 shows a light
scanning mirror 21 in accordance with the sixth embodiment. Hereinafter, elements similar to those in
the above first embodiment are designated by the same reference marks, and only the portions
different from the above mentioned first embodiment are described. The light scanning mirror 21 has a
moving plate 22 of a circular shape and a stationary frame 24 formed to surround the moving plate 22,
and two stoppers 26 respectively formed at substantially center areas of the free end portions of the

late 22, Althoygh t ati 24 is divided into th ti hich lectricall
nsuiaied o4 QLR D) APkl RELOL DI B RiENARP ARG YRTGwRL LSBbLA 26 & not al

LZ‘E?&?Q%Z?@%5@@?&%’%@@"%&8@ E%g%ié@ f(fgr RO BRI Tl o o
ctoppers 2Ea0y e eane Ssttokry s opperse?%? B O 8o gement o
the trenchegrl® RchrGliage ARMFBIED A R &sesﬁﬁ PgaviRTeRoLo e dabingspaning mirror

21 are similar to th t of the light scanning mirror 17in the first embodiment. This light s€anning mirror

21 can be gy sily thsrarpotiie AovRsghithe Sioepernas /s wiaiseon the moving
n

plate 22 on the first silicon layer 200a by processing the bulk micro machining technology. [0036] As
shown in thetfipeineri theresprdctordit ke stratiien argr éramae gebyalbeinid oendteor igmsha the moving

plate 22 at both sides
stationary frame 4 through the hinges 3. A plurality of the light
scanning mirrors 1 are formed on the SOI substrate 200 by passing
the above mentioned first process to third process. After the third
process, a plurality of the light scanning mirrors 1 formed on the SOI
substrate isindividually cut out. By these series of processes, a
plurality of the light scanning mirrors 1 are manufactured
simultaneously, so that it is possible to decrease the manufacturing
cost of the light scanning mirrors 1. In addition, the manufacturing
processes of the light scanning mirror 1 are not limited to these, and it
Is possible to be formed by laser process, ultrasonic wave process or
the like, and it may be formed one by one. In addition, the
processing of the second silicon layer 200b may be performed prior to
the processing of the first silicon layer 200a.
[0032]

As mentioned above, since the displacement of the moving
plate 2 is restrained, and thus, the breakage of the comb tooth
electrodes 5 can be prevented by providing the stoppers 6 in this
embodiment, the crashworthy of the light scanning mirror 1 can be
enhanced. In addition, since the moving plate 2 is pivoted by the
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19 of the stoppers 26 formed at the substantially center portions of the free ends of the moving plate
22. In other words, the stoppers 26 are disposed in the vicinities of the sides of the comb tooth
electrodes 5. Similar to the first embodiment, the stoppers 26 are formed so that gaps to the stationary
frame 24 and them are a little narrower than gaps between the electrodes 2a of the comb tooth
electrodes 5 and the stationary frame 24 or gaps between the electrodes 4a and the moving plate 22
in the normal state. In addition, sticking prevention films are formed at regions of the stopper 26

0037] IR ol T SO RAB A DL A REIGh bk 0% apptied from
displaces ng S SrIRE ST S 111%9??% R Yot e comd
frst embod e S B e e 2 B e e vy
formed on 1 e P B e e tationar
PP Y Y g PP y
frame 24. [QQitsst Bl P RO PEEERM PVBIYPIIMELENEEESeEns 6, and thus, it is
possible to prevent the breakage of the comb tooth electrodes 5
effectively. In addition, the chamfers 6a of round shape are formed
on the stoppers 6 and there is no acul eate shape in the portion
contacting to the stationary frame 4, so that it is hard to concentrate
stress to the contacting portions of the stoppers 6 and the stationary
frame 4, and it is possible to prevent the breakage of the stoppers 6 or
the stationary frame 4.
[0033]
Furthermore, the stoppers 6 and the supporting portions 4b of
the stationary frame 4 are at the same electric potential, and the
sticking prevention films are formed on the regions of the stoppers 6
which may contact the supporting portions 4b. Therefore, even
when the stopper 6 contacts the supporting portion 4b, sticking due to
electrostatic force hardly occurs, and thus, it is possible to prevent
that the moving plate 2 becomes immovable, surely. Still
furthermore, since the stoppers 6 can be formed integrally with the
moving plate 2, the light scanning mirror 6 can be manufactured
relatively easily. In particular, since the stoppers 6 are formed
simultaneously in the processes to form the moving plate 2 by
processing the first silicon layer 200a, proper gaps between the
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configurations of the above embodiments, and it is possible to modify in various manner properly in a
scope not to change the purpose of the invention. For example, the stoppers are not limited to be
formed integrally with the moving plate, and they may be formed integrally with the stationary frame so
as to protrude toward the moving plate from the stationary frame in the vicinity of the comb tooth
electrodes. Even in this case, when the moving plate displaces in the lateral direction, the stopper
contacts the moving plate so that the quantity of the displacement of the moving plate is restrained,

and thus, the comb togqth electrodes can be protected. [0039 Furthermore,.the light scanning
mirror is no ﬂﬂ%@&%ﬁ@ﬁmﬁ. 'Qniﬂr@/ Qr@mﬁs%ﬂlig@ﬁgr(ﬁarﬁﬁ it Ii%ve
embodimen%m%@%y# a biaxial gimbals type having a moving frame (frame) swingably pivoted
on a station ; a mirror to which a mirror face is provided is swingably pivoted on the

moving frarEG fgjgexample. In this case, by disposing stoppers in the vicinities of comb tooth
electrodes between the moving frame and the stationary frame, a quantity of the displacement of the

moving plate includg AARIMSNS i aerAs EmBUERARSR DR TRSBRSSBRNEI RS o8tk tooth

electrodes can be protected. Similarly, by forming stoppers in the Vicinities of comb tooth electrodes

between thetiaigetaneeea BTV Eckants by Teritngietisnasemesia thersitppaps/ing as the

moving plate with respect to the moving frame can be restrained and the comb tooth electrodes can be

protected. FEIheBTsewBeatigbk spaphingfmiestoppee haviiogredetomimietsdison Sahstrate or a

metal plate instead of the SOT substrate. Still furthermore, the stoppers may not be formed integrally
with the motaadiplsitapechedranexi ties il Ga e fiis posd dhhigppsitibon déttine fsdopiher éving plate
or the frame if it enables to restrain the displacement of the moving plate. In this case, it is possible to
restrain theWwiithcBryncontiashibars) aiasanyHy amed sirbeteorpamidig pkatesdkage of the
comb tooth electrodes and to enhance the crashworthy of the light scanning mirror by forming the

stoppers in @h&R/iRGEsdNINAd e HUediQrodd8 RBIGNAYHSIMEEIHI RAOYAYThESrames

surrounding, it. [0040 Still furthermore, the present invention is not limited to the light scanning
ior navinkOAGTR{6F A0 GLLRR FUADRR 10 WIS L5 ARt MarmaQs kigre tat a
moving plate which is cljgnfi ur%fi to sv%/in able with reSf)(fﬁt to the stationrﬁa/ﬁﬁame by twin hinges is
formed on MB&Y a0 @ﬂ%ﬁ"‘&s? t %'873 HDE the crashworthy of the

T S AR R SRR RO St een
the stationary frame 4 becomes smaller, occurrence of sticking can be
prevented. In addition, the shapes of the convexities 16a are limited
to the saw tooth shapes. The convexities 16a are preferably formed
to have shapes not to concentrate stresses to contacting portions when
the stopper 16 contacts the stationary frame 4. Furthermore, it is
preferable to form sticking prevention films at portions of the
stoppers 16 contacting the stationary frame 4 when the convexities
16a are formed on the stopper 16, so that occurrence of sticking can
be prevented surely.

[0035]

Subsequently, a second embodiment of the present invention is
described. FIG. 6 shows alight scanning mirror 21 in accordance
with the sixth embodiment. Hereinafter, elements similar to those in
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[0041] [FIG. 1]Perspective view showing a light scanning mirror which is a moving structure in
accordance with a first embodiment of the present invention [FIG. 2]Plain view of the above light
scanning mirror [FIG. 3]A-A sectional view in FIG. 2 [FIG. 4]Plain view showing a portion of the above
light

the above first embodiment are designated by the same reference
marks, and only the portions different from the above mentioned first
embodiment are described. The light scanning mirror 21 has a
moving plate 22 of acircular shape and a stationary frame 24 formed
to surround the moving plate 22, and two stoppers 26 respectively
formed at substantially center areas of the free end portions of the
moving plate 22. Although the stationary frame 24 is divided into
three portions which are electrically insulated each other by forming
trenches 101, the stationary frame 4 facing the stoppers 26 is not at
the same electric potential as that of the stoppers 26, different from
the first embodiment. Supporting portions 24b of the stationary
frame 24 are disposed at regions to support the hinges 3 and not
placed at regions to face the moving plate 22. In addition, regions of
the stationary frame 4 facing the stoppers 26 may be at the same
potential as that of the stoppers 26 by changing the arrangement of
the trenches 101 and voltage application areas 10b. Other
configurations of the light scanning mirror 21 are similar to that of
the light scanning mirror 1 in the first embodiment. This light
scanning mirror 21 can be manufactured easily by forming the shapes
that the stoppers 26 are provided on the moving plate 22 on the first
silicon layer 200a by processing the bulk micro machining
technology.
[0036]

As shown in the figure, the comb tooth electrodes 5 are
arranged along the end portions of the moving plate 22 at both sides
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scanning mirror in the vicinity of stoppers [FIG. 5]Plain view showing a modified example of the above
light scanning mirror [FIG. 6]Perspective view showing a light scanning mirror in accordance with a
second embodiment of the present invention [LIST OF MARKS] [0042] 1, 21 light scanning mirror
(moving structure)

of the stoppers 26 formed at the substantially center portions of the
free ends of the moving plate 22. In other words, the stoppers 26 are
disposed in the vicinities of the sides of the comb tooth electrodes 5.
Similar to the first embodiment, the stoppers 26 are formed so that
gaps to the stationary frame 24 and them are a little narrower than
gaps between the electrodes 2a of the comb tooth electrodes 5 and the
stationary frame 24 or gaps between the electrodes 4a and the moving
plate 22 in the normal state. In addition, sticking prevention films
are formed at regions of the stopper 26 contacting the stationary
frame 24 and chamfers 26a of round shape are formed at corners
thereof.

[0037]

In the second embodiment, even when vibrations or a
mechanical shock are/is applied from outside, one of the stoppers 26
contacts the stationary frame 24, and thus, the moving plate 22
displaces no more. Therefore, in this embodiment, it is possible to
prevent the breakage of the comb tooth electrodes 5 and to enhance
the crashworthy of the light scanning mirror 21 similar to the above
first embodiment. Since the sticking prevention films are formed on
the stoppers 26, sticking hardly occurs when the stopper 26 contacts
the stationary frame 24. In addition, since the chamfers 26a are
formed on the stoppers 26, it is possible to prevent the breakage of
the stoppers 26 and the stationary frame 24.

[0038]
In addition, the present invention is not limited to the
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2, 22 moving plate 3 hinges 4, 24 stationary frame (frame) 5 comb tooth electrodes 6, 16, 26 stoppers
6a, 26a chamfers 10 mirror face

configurations of the above embodiments, and it is possible to modify
in various manner properly in a scope not to change the purpose of
the invention. For example, the stoppers are not limited to be
formed integrally with the moving plate, and they may be formed
integrally with the stationary frame so as to protrude toward the
moving plate from the stationary frame in the vicinity of the comb
tooth electrodes. Even in this case, when the moving plate displaces
in the lateral direction, the stopper contacts the moving plate so that
the quantity of the displacement of the moving plate is restrained, and
thus, the comb tooth electrodes can be protected.

[0039]

Furthermore, the light scanning mirror is not limited to one
which can swing around a single axis as described in the above
embodiments, but it may be a biaxial gimbals type having a moving
frame (frame) swingably pivoted on a stationary frame, and a mirror
to which amirror face is provided is swingably pivoted on the moving
frame, for example. In this case, by disposing stoppersin the
vicinities of comb tooth electrodes between the moving frame and the
stationary frame, a quantity of the displacement of the moving plate
including the moving frame and the mirror can be restrained and the
comb tooth electrodes can be protected. Similarly, by forming
stoppers in the vicinities of comb tooth electrodes between the mirror
and the moving frame, a quantity of displacement of the mirror
serving as the moving plate with respect to the moving frame can be
restrained and the comb tooth electrodes can be protected.
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16c convexities [CLAIMS] [Claim 1] A moving structure comprising: a moving plate; twin hinges
constituting an axis of swing motion of the moving plate wherein an end of each hinge is connected to
the moving plate; a frame to which another end of each of the twin hinges is connected and which
supports the hinges, and

Furthermore, the light scanning mirror may be configured of a single
silicon substrate or a metal plate instead of the SOI substrate. Still
furthermore, the stoppers may not be formed integrally with the
moving plate or the frame, and it may be disposed at positions distant
from the moving plate or the frame if it enables to restrain the
displacement of the moving plate. In this case, it is possible to
restrain the displacement of the moving plate in the lateral direction,
to prevent the breakage of the comb tooth electrodes and to enhance
the crashworthy of the light scanning mirror by forming the stoppers
in the vicinities of the comb tooth electrodes between the moving
plate and the frames surrounding it.

[0040]

Still furthermore, the present invention is not limited to the
light scanning mirror having the mirror face to scan light, and it is
widely applicable to a moving structure that a moving plate whichis
configured to swingable with respect to the stationary frame by twin
hinges is formed on a semiconductor substrate. In other words, it is
possible to enhance the crashworthy of the moving structure by
providing the stoppers in the vicinities of the comb tooth electrodes
between the moving plate and the frame.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0041]

[FIG. 1] Perspective view showing a light scanning mirror which
IS a moving structure in accordance with a first embodiment of the
present invention

22



comb tooth electrodes, which are formed to interdigitate each other on a part of the moving plate and a
part of the frame to face each other, and swing the moving plate with respect to the frame,
characterized in that the stoppers, which are disposed to contact another portion of the moving
structure except the comb tooth electrodes, when the moving plate displaces so as to restrain a
guantity of displacement of the moving plate in a direction parallel to an upper face of the moving
plate, are further comprised; and the stoppers are configured to be the same electric potential as

displaces 1 SHGHeA creot bHCLEINHE SR Y Stk SSRBBLBEERHA R o 1,
character|2f&| E;tr?]t the stoRpﬁ\rssgC?lgheaqrau forrpﬁglﬁuttkthe moving plate or the frame.
[FIG. 4] Plain view showing a portion of the above light
scanning mirror in the vicinity of stoppers
[FIG. 5] Plain view showing a modified example of the above
light scanning mirror
[FIG. 6] Perspective view showing a light scanning mirror in
accordance with a second embodiment of the present invention
[LIST OF MARKS]
[0042]
1,21 light scanning mirror (moving structure)
2,22 moving plate
3 hinges
4,24 stationary frame (frame)
5 comb tooth electrodes
6, 16, 26 stoppers
6a, 26a chamfers
10 mirror face

16¢c convexities
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[Claim 3] The moving structure in accordance with claim 1 or claim 2, characterized in that a
chamfer of a round shape is formed at each corner of the stoppers. [Claim 4] The moving structure
in accordance with one of claim 1 to claim 3, characterized in that a sticking prevention film or a
protrusion is formed on at least a part of each of the stopper so as not to occur sticking between the
stopper and one which contacts the stopper. [Claim 5] A light scanning mirror having the moving
structure in accordance with one of claim 1 to claim 4; and

[CLAIMS]
[Claim 1]

A moving structure comprising:

amoving plate;

twin hinges constituting an axis of swing motion of the moving
plate wherein an end of each hinge is connected to the moving plate;

a frame to which another end of each of the twin hingesis
connected and which supports the hinges, and

comb tooth electrodes, which are formed to interdigitate each
other on a part of the moving plate and a part of the frame to face
each other, and swing the moving plate with respect to the frame,
characterized in that

the stoppers, which are disposed to contact another portion of
the moving structure except the comb tooth electrodes, when the
moving plate displaces so as to restrain a quantity of displacement of
the moving plate in adirection parallel to an upper face of the moving
plate, are further comprised; and

the stoppers are configured to be the same electric potential as
that of another portion of the moving structure which contacts the
stopper when the moving plate displaces in alateral direction.

[Claim 2]

The moving structure in accordance with claim 1,
characterized in that the stoppers are integrally formed with the
moving plate or the frame.

[Claim 3]
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a mirror face for reflecting incident light is provided on a top face of the moving plate.

The moving structure in accordance with claim 1 or claim 2,
characterized in that a chamfer of a round shape is formed at each
corner of the stoppers.

[Claim 4]

The moving structure in accordance with one of claim 1 to
claim 3, characterized in that a sticking prevention film or a
protrusion is formed on at least a part of each of the stopper so as not
to occur sticking between the stopper and one which contacts the
stopper.

[Claim 5]

A light scanning mirror having the moving structure in
accordance with one of claim 1 to claim 4; and

amirror face for reflecting incident light is provided on atop

face of the moving plate.

25



