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 configured to be pivoted swingably by hinges, 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 configured to be pivoted swingably by hinges,
and a light 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). Asfor
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
driving force, electro-static force which is generated when a voltage
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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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light scannip@r%qgrdgée{d%ltcbg%@ﬁﬁ@ the driving force by a small driving voltage and to assure
swing angle necessary to scan light, it Is sufficient to decrease a spring constant of the hinges in

torsion dire¢figmBY thinning the hinges. However, when thinning the hinges, the hinges become weak
for a physical shock. Therefore, the hinges may be broken when a mechanical shock is applied from

outside, and thus, tiByfihéessaning suolerempyiitescammimgravater, [DA@tIder to
generate the driving force by a small driving voltage and to assure
swing angle necessary to scan light, it is sufficient to decrease a
spring constant of the hinges in torsion direction by thinning the
hinges. However, when thinning the hinges, the hinges become
weak for a physical shock. Therefore, the hinges may be broken
when a mechanical shock is applied from outside, and thus, the light
scanning mirror may become immovable.
[0004]

The patent document 1 discloses a micro-mirror device in
which pivots are formed to enable to support the center portion of the
moving plate which serves as the center of inclination. However, the
micro-mirror device has a problem of difficulty of manufacturing
because the pivots are necessary to be formed at predetermined
positions precisely to correspond to the center of the moving plate
and to approach the moving plate.

[PARENT DOCUMENT 1] JP2003-57575A

[DISCLOSURE OF INVENTION]

[PROBLEMS THAT THE INVENTION IS GOING TO SOLVE]
[0005]



The patent document 1 discloses a micro-mirror device in which pivots are formed to enable to support
the center portion of the moving plate which serves as the center of inclination. However, the
micro-mirror device has a problem of difficulty of manufacturing because the pivots are necessary to
be formed at predetermined positions precisely to correspond to the center of the moving plate and to
approach the moving plate. [PARENT DOCUMENT 1] JP 2003-57575A [DISCLOSURE OF
INVENTION] [PROBLEMS THAT THE INVENTION IS GOING TO SOLVE] [0005] The present
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and a light scanning mirror using the same, which can be

manufactured easily and has a high crashworthy because the hinges

are nonbreakable even when a mechanical shock is applied from

outside.

[MEANS TO SOLVE THE PROBLEMS]

[0006]

For achieving the above mentioned purpose, the invention of
claim 1 relates to 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, and a
frame to which another end of each of the twin hinges is connected
and which supports the hinges, and wherein the moving plateis
configured swingable with respect to the frame while twisting the
twin hinges, characterized in that stoppers are formed along the
hinges at both sides of the hinges, so that a quantity of displacement
of the moving plate in adirection parallel to an upper face of the
moving plate is restrained by contacting a part of the moving
structure when the moving plate displaces.

[0007]

The invention of claim 2 is characterized in that recesses are
provided on the moving plate so that they are formed to be concaved
in alongitudinal direction of the hinges in the vicinities of portions
pivoted by the hinges, and the stoppers are integrally formed with the
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[0006] For achieving the above mentioned purpose, the invention of claim 1 relates to 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, and a frame to which another
end of each of the twin hinges is connected and which supports the hinges, and wherein the moving
plate is configured swingable with respect to the frame while twisting the twin hinges, characterized in
that stoppers are formed along the hinges at both sides of the hinges, so that a quantity of
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the hinges and side end portions ‘of the moving plate to which the recesses are formed, in the

invention offgjgmail. [0008] The invention of claim 3 is characterized in that the moving plate has
contacting protrusions formed to protrude toward the stationary frame respectively at positions distant

from the hinges tharr Hiei#iQBREFSIRIOTOENR 8P PPFieRarcicit ieacH thetetHyenbeni claim 1.

plate has contacting protrusions formed to protrude toward the

stationary frame respectively at positions distant from the hinges than
the stoppers at both side portions of the hinges, in the invention of
claim 1.

[0009]

The invention of claim 4 is characterized in that a chamfer of a
round shape is formed at each corner of the stoppers, in the invention
of one of claim 1 to claim 3.

[0010]

Theinvention of claim 5 is characterized in that the stoppers
are configured to be the same electric potential as the hinges, in the
invention of one of claim 1 to claim 7.

[0011]

The invention of claim 6 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
5.

[0012]
The invention of claim 7 is characterized in that a mirror face
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[0009] The invention of claim 4 is characterized in that a chamfer of a round shape is formed at
each corner of the stoppers, in the invention of one of claim 1 to claim 3. [0010] The invention of
claim 5 is characterized in that the stoppers are configured to be the same electric potential as the
hinges, in the invention of one of claim 1 to claim 7. [0011] The invention of claim 6 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

tion of lajm 1 to cl 2 - '
invention o 8?%eflce8 IW\g |?18|aden? I[ %Jt ]s provided on atop face of the moving

plate of the moving structure in one of claim 1 to claim 6.
[EFFECTS OF THE INVENTION]
[0013]

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, the moving plate does
not displace so much, and breakage of the hinge is prevented, so that
crashworthy of the moving structure can be enhanced. Since the
stoppers are disposed in the vicinities of the hinges, it is possible to
restrain the displacement of the moving plate in the lateral direction
effectively, even when the moving plate is inclined with respect to the
frame. In addition, since level of precision required to locations and
shapes of the stoppersis lower in comparison with the conventional
case of forming a pivot shaped protrusion, the moving structure can
be manufactured relatively easier. Moreover, since the stoppers may
not contact the hinges, it is possible to prevent the breakage of the
hinges surely.

[0014]

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.

5



The invention of claim 7 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 6. [EFFECTS OF THE
INVENTION] [0013] 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, the moving plate does not displace so much, and breakage of the
hinge is prj\ﬁﬁﬁﬂ; so that crashworthy of the moving structure can be enhanced. Since the stoppers
are dispos vicinities of the hinges, it is possible to restrain the displacement of the moving
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since the stoppers can be formed easily by processing a member which constitutes moving plate
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much easier. [0015]

quantity of the displacement of the moving plate much easier and

stronger.

[0016]

According to the invention of claim 4, since thereis 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.

[0017]

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 due to
occurrence of sticking by electrostatic force.

[0018]

According to the invention of claim 6, 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
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According to the invention of claim 3, the quantity of the displacement of the moving plate can be
restrained by contacting the stopper with a side of the recess in the displacement of the moving plate.
Therefore, it is possible to configure a structure to restrain the quantity of the displacement of the
moving plate much easier and stronger. [0016] According to the invention of claim 4, 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
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the moving §|e I le to swing due to occurrence of sticking by electrostatic force.
[0018] ﬂhﬁ mgﬂzt‘?ﬁeé?rt\rg}e%\@(ﬁ\ of claim 6, even when the stopper contacts another portion of the

moving strl,lqygfgjue to the displacement of the moving plate in a lateral direction, it is possible

According to the invention of claim 7, 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]
[0020]

A first embodiment of the present invention is described below
with reference to figures. FIGS. 1(a) and (b), FIG. 2 and FIG. 3
show an example of alight scanning mirror (a moving structure) in
accordance with this embodiment. The light scanning mirror 1isa
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).

[0021]

First, a configuration of the light scanning mirror 1is
described. The light scanning mirror 1isa MEMS (Micro Electro
Mechanical System) device manufactured by processing a SOI
(Silicon on Insulator) substrate 200 using so-called micro machining
technology. The SOI substrate 200 is atriple-layered substrate
consisting of afirst silicon layer (activation layer) 200a and a second
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6 to prevent that the moving plate becomes immovable to swing because occurrence of sticking is
prevented by the sticking prevention film or the protrusion. [0019] According to the invention of
claim 7, 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] [0020] A first
embodiment of the present invention is described below with reference to figures. FIGS. 1(a) and (b),
FIG. 2 and FIG. 3

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 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 400um. As
shown in FIG. 1(a), the light scanning mirror 1 is a rectangular solid
device that atop face thereof is substantially square or substantially
rectangular of about several mm in planar view.

[0022]

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 stationary frame 4. Asshown in FIG. 1(b),
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
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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 bar-code reader, a projector apparatus which projects an image on an external screen, or a light
switch, and has a function to scan light beams which are incident from external light source or the like
(not shown in the figures). [0021] 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
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moving plate 2 and the mirror face 10 are not limited to a rectangle,

and, they may be acircle or an oval, for example. Thelight

scanning mirror 1 is mounted on a circuit board B or the like so that a

glass substrate 110 is joined to a bottom face of the stationary frame 4,

for example.

[0023]

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 isathin

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.

[0024]

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

9



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 a top 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
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are not limited to a rectangle, and, they may be a circle or an oggl, for'example. The light scanning

mirror 1 is regihiedi 0Rlsy e dord BohBewka i b aldgiiaial G risifgiargto a bottom

face of the stationary frame 4, for example. [0023] s shown in FIG. 3, the moving plate 2 and the
hinges 3 arérionmether thertioisilioptHaysteiBlaarihérarmefaceTifg seathomidny Memef aluminum,

for example, and formed to reflect light beams incident to the top face of the moving plate 2 from
outside. Thd iding gld 3t thertadcshigtpotitiiygspartiancad bhatte otitare qerenecteglane
perpendicular to the moving plate 2 and passing through the hinges 3, and configured to swing
smoothly atsutiaerwhmbésaesod1a]be the same electric potential as that of the

moving plate 2 and two portions on which the voltage application

areas 10b are formed on the top face thereof by forming the trenches

101. Since the trenches 101 separate 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

as three portions electrically insulated each other.

[0025]

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
portions of the stationary frame 4 facing the side end portions of the
moving plate 2. The electrodes 2a and 4a constituting the comb
tooth electrodes 5 are formed to engage with each other. Gaps
between the electrodes 2a and 4a are about 2um to Sum.

[0026]

The stoppers 6 are provided to restrain a quantity of
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The stationary frame 4 is configured of the first silicon layer 200a, the oxidation film 220 and the
second silicon layer 200b. In this embodiment, trenches 101 are formed on the stationary frame 4 so
as to 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. Since the trenches 101 are
formed only on the first silicon layer 200a, entire of the stationary frame 4 is formed integrally. The
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hinges 3 and the stationary frame 4 are configured as three portions electricall lated each other.

[0025]  Tepledtiedeg2agf trRamE Qathaieptiatenfeateoiinec ifgidsl RRsPRijens of the

moving plate 2 serving as free ends where the hinges 3 are not connected, and the elecCtrodes 4a are
formed in p@0asptihe petitnaly tevward fHwnmihe sigeprae@firor ohthstetdvngrylate 2. The

electrodes 2a and 4a constituting the comb tooth electrodes 5 are formed to engage with each other.
Gaps betwdeane 4lentbdeszptheages Satitet hts desioh t[eeehges Stopderdi6isre provided
to restain ae(rqungggti);r?ént, recesses 2e are formed in regions of the moving plate 2

where the hinges 3 are connected so as to hollow in a direction to

depart from the stationary frame 4, that is, a longitudinal direction of

the hinges 3.  In other words, the hinges 3 are connected to inner end

portions of the recesses 2e formed on the moving plate 2. The

stoppers 6 are formed so that front ends of them near to the moving

plate 2 are |ocated between the hinges 3 and the side end portions of

the moving plate 2 forming the recesses 2e. The stoppers 6 are

formed to have predetermined gaps between the hinges 3 and them so

as not to block the swing motion of the moving plate 2 in a normal

state where no mechanical shock is applied to the light scanning

mirror 1 from outside. Therefore, the hinges 3 is never broken by

contacting the stoppers 6. The stoppers 6 are configured to protrude

from the supporting portions 4b of the stationary frame 4 where the

hinges 3 are connected, and thus, the moving plate 2, the hinges 3 and

the stoppers 6 are configured to be the same electric potential.

[0027]

As shown in FIG. 2, chamfers 6a formed to be round shape are
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displacement in a lateral direction of the moving plate 2, that is, in a direction substantially
perpendicular to the 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 stationary frame 4 on the first silicon layer 200a and to protrude toward the moving plate 2 from the
stationary frame 4 and along the hinges 3 at both sides of the hinges 3. In this embodiment, recesses
2e are formed in regions of the moving plate 2 where the hinges 3 are connected so as to hollow in a
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stoppers 6 are configured to be the same electric pote [0027] As shown in FIG. 2, chamfers 6a

formed to bandwh@ﬁmrg,prohﬁﬂagdittmme;ﬁ @kth@\mmrm mqefmmtsambtof the stoppers 6. In
addition, chamfers 2f formed to be round shape are provided at corners of the recesses 2e facing the
stoppers 6.iThesttapeetina hesfigurassarbdoyapst et parnticnstaf e stapbers @cesses 2e of

the moving plate 2 become narrower than gaps between the stoppers 6 and the hinges 3. In addition,
sticking prel@eitiig tnadnem mggplatri 2 thd hgustigkirgareveat @artidnasodtRe stoppers 6 facing
the moving plate 2. The sticking prevention films are provided by forming DLC (Diamond Like carbon)

film or SAMASR Geddmb i MumdIBeS (i1 hd e warbeppditts BEivg\ME moving plate 2,
for example, [0028 bsequently, motion of the light.scannipg mirror 1 which is configured as
aove 5 eLoRI SRR G /ST O LB T A A1E SRR SRR EGormp tooth
electrodes hgglenerate driving f cei?a{at redetermined driving frequency. The comb tooth electrodes 5
are driven gy 68%;5‘%&@& a geg?;mﬁ fermined driving frequency between the electrodes 2a

and 4a with Bﬁf ically varying the electric potential of the voltage application area 10a which will be
the same eJec fic potential as that of the electrodes 4a under a state that the voltage application area

10a disposed in the%%mﬁiwpdﬁ %?%Wgﬁ? g&ﬁmﬁmﬁgfgfa%%@% g§d the

electrodes 2a of the moving plate’2 is at a reference efectric pote sets of the

electrodes 2pATRYldRsE AN ROGRRS Hidle MPHBRRIARPFEEISmaq Sy Btavitated

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 el ectric potential and
the electrodes 2a of the moving plate 2 is at areference electric
potential, for example. Two sets of the electrodes 2a provided in
both end portions of the moving plate 2 are simultaneously gravitated
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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 by the comb tooth electrodes 5 are periodically generated. [0029] In this
embodiment, the light scanning mirror 1 is configured to swing the moving plate 2 by electrostatic force

as the drivin rce for ex lﬁ \then th voI lie ?2 eent electrades 2a and 4a
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r

2 does not take level posture and |ncI|nes d little In a state of rest due to oc urrence of internal

stresses or i e &t 19 §0er uirdda Rampayseasest agas 6ily ebharnefar ar Wharelis aesnb tooth
electrodes 5 are driven from the s ate of rest, the driving forces act on the moving plate 2 in the

direction sufastasstiaityplerrarelimofsli toliteatitetiusmib ¢ ootk adate devBiemarebiad the hinges 3

serving as the rotation axis. Subsequently, when the posture of the moving plate 2 becomes in a state
that the eleclrbeiexpPiotiodstizyelbercoriitootmglaety ades dp ararpertediioatide view, the driving
forces of the comb tooth

generated.

[0029]

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, atorque 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.

[0030]

In such light scanning mirror 1, the moving plate 2 does not
take level posture and inclines a little in a state of rest due to

occurrence of internal stresses or the like at the time of forming in
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electrodes 5 are released, so that the moving plate 2 continues to rotate while twisting the hinges 3 by
inertia force thereof. When the inertia force of the moving plate 2 in a rotational direction becomes
equal to the 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 S. The moving plate 2 is swung by repeating such rotations due to the driving forces of the

crven by afRAGASESD RRS AL g ol ESELARS AR M U AL SLCFIERHRG: e requency
configured 8 BOLTE thaaChatele e R B L RS Qi thtiesr
Besides, si@%%oa Iiﬁ?tm%ra ﬂ&g%&ﬁwiﬁ) ftogg\ggﬁgml%{h%jg%@q eﬂt{gdes 5 are

not limited ove mentioned cases, It ma ure e driving voltagés are applied as

sinusoidal waygif I’éibitm&%%ﬁ‘ﬁﬁjﬁOEH@H*@%@@‘%R?FH%%W@%%W%&&& and 4a

are varied in opposite phases each other. [0031] reupon, the fight scanning mirror 1 has high

crashworthsbmeﬁ@mwtwn@ﬁmérpmi@eéﬂmmwﬁg E{ el agethasia gopper 6 is
e lig

provided. FIGS. 4(a) and (b) respectively show a region of th scanning mirror 1 in the vicinity of

the stopperstéténthaotheebtdtrotiess2zpandctiraighistrotesr4becirmis efadledvenraputside, the

hinges 3 are rarely bent and it is in a state that gaps are formed between the stoppers 6 and the
moving plateezhaetdtemimisi HESy iga), thehdl itrmeg\wbheoastohtitves coralmtabtinical shock arelis
applied to the light scanning mirror 1 from outside, the moving plate 2 may displace in lateral direction
(shown by IRt EPEREID BiefiRlrRgFRoNI0 4 hak e ey ing PR ZntenihBwasy®3, as shown in
FIG. 4(b). When a quantit\h/\é(l)_f the displacement becomes much larger, the stopper 6 contacts the side
end portion6EHE \ERES Dwi SH ekt ehisprRE Shidnt BEMEENBURR) thefeofin thA/BeELHaR is
restrained, and thu%, (}uar#t?i}tieg%of deformations of the hinges 3 may not be increased no more. In
addition, th&"RYEs 9lds ﬁr%@ﬁi@&&i@(ﬁ | ViREQHEHABAh SRR O1iBSERESPom the normal
state to a time when the stopper 6 contacts the sjde end portign of the recess 2g. [0032] In
ciition, EMHA SO oI Al el cANGy L RAES b B PO R Liifhple. First a O
substrate Z?r(?dxs/ijr‘?g 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 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 avibration 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 sinusoidal wave
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formed by forming an oxidation film 220 on 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 the first 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.

Subsequengly, a metal.film is formed og e o) the irst silicon Ja : ﬁireﬁ%OaLo the SOT substrate
200 using s [Qr?n&Hétﬂa@y fhEQRL G Hfefd Q é ate 2 and voltage

application % g: IIIF by pattering this
metal film. [%@fa%g é%%jeé%g/ s}éﬁg@lﬁﬁ: @ﬁﬁ%t §@%¢§n§% %ﬂi ‘is formed on the
second sﬂu:@)lg r 220b by processing of the 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 |<’H’§f§%9 nRﬂgé)n Rf QP %FF%?&OF%E%%%F%W y frame 4 are

removed by performing the etching pr cess from below the light scanning mirror 1, for'example (third

process). Theeiysd i BaHishiRis 5 2paqoroes desiingebrAFERISoKtVieRRe b ek tpiationary frame
4 by being pivoted on the stationary frame 4 through the hinges 3. A plurality of the light scanning

mirrors 1 aradostoppen 1espovitietiate POGEY tiayinadhihespestivienpdficaaocess to third

process. After the third process, a plurality of the light scanning mirrors 1 formed on the SOT substrate
is individualhegLonwf Byeteghtssdannififgatesses, aipluladty idi thi¢yigit doastoppeisds 1 are
manufactured simultaneously, so that it is possible to decrease the manufacturing cost of the light
scanning mifMcsDrBeaideal ewhare fRetineg ainassbotkhenighedtkenispppli@dL 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 forrﬁ&mr@'@' gRe thedidass e, Qé@é@@n@%ﬂ@é’eﬂoﬁ@@&ﬁa@@éhﬁb@ﬁﬁﬁw be
fhe moving B0 BIEH RN 1 SLOBRETH o AR IEMARIANGES B.cin ”edgﬁé’ﬁtveed By
miror 1. SHBTNE bers A LD B L e ié%??a“f%ﬁ?ﬁ@%*‘ni” hSeRne moving
e 2 e ETAT e S AT ﬁf&ﬁﬁ;&e;;atéﬁ';
e AR RS R P etooe
displace in ﬁ{%@’ﬁi%@%mm&@%\%ﬁww% the h| nge 3, as shown

in FIG. 4(b). When a quantity of the displacement becomes much

larger, the stopper 6 contacts the side end portion of the recess 2e, so

that the displacement of the moving plate 2 in the direction is

restrained, and thus, quantities of deformations of the hinges 3 may

not be increased no more. In addition, the hinges 3 do not contact

the stoppers 6 while the moving plate 2 displaces from the normal

state to a time when the stopper 6 contacts the side end portion of the

recess 2e.

[0032]

In addition, the light scanning mirror is manufactured by
processes as follows, for example. First, a SOI substrate 200 is
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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 SOI substrate 200 can be restrained substantially
completely by providing the stoppers 6, and thus, it is possible to prevent the breakage of the hinges 3
effectively. In addition, since the stoppers 6 are supported by the recesses 2e in the displacement of
the moving plate 2, it is possible to constitute a strong structure for supporting the stoppers 6 easily.
Still furthermore, the chamfers 6a are formed on the stoppers 6 so that the portions which may contact

Side ol peHIBTRCE) e 1SCLLIEL 30 QAR Kb A RAT IS L SHLEPTh B8 are not
i side ent RO IDACRIR S PAT RE2 FHRES r o BgRURI Goppers 6 and

the moving ﬁ@?& Wﬂﬁal] Wi |Tﬁ.@ﬁﬁ@?@¥t@§&?%%’%?tﬂédﬁ i ﬁfég%e’;ﬂé’%{g{fg;@ﬁ pe recesses

2e are at the same electric potential, and ng prevention S are forme e’portions of the

stoppers 6 W%ﬁ%@%ﬁ%ﬁﬁg@l %fFBBéé’B‘%EP?Hé%%}%@gTﬁ%%&%M“e” the

stopper 6 contacts the recess 2e, st due to electrostatic force ly occurs, and thus, it is

possible to gieyRBLfFI2t eI EeMiNayRAte G0ResRIRAsTiTITROSENIS Hysel it & PO rHyermore, it is sufficient
that the stoppers 6 are provided at sides of the hinges 3 not to block the swing motion of the moving

plate 2 but spcontetitheieasrees 2aatine My techpislegyvaotiesmhangl tiatsgr ajipjaces in the

lateral direction, so that positioning of the stoppers 6 is not performed accurately, and thus, the light
scanning maroetClaemgéf msinpiacess).reldiiviiy Sasdy,. eaphrportiokiofe el sgifpers 6 can be
formed simultaneously in the processes to form the stationary frame 4 by processing the first silicon
layer 200a BCRIMBAEHBAINORtLpapkid Ak Menviersiepadgaie kel anmed e@&ibyigay frame 4 can be
assured and it is easily manufactured. [0036] Subsequently, a second embodiment of the present

invention isWRISGiEEE. BUEX SUREAMAGHHDLBENERRNAIRERL irsReRaHREE!YitR Metdlcond
Gosignatod BT e IPRE VAL ARMECE DR TSNS FAVRI O LA e BB GT Frat
rom the moSg bR 200 M gk eRLT R vy o PES (ke R KRR T3 e, e
o e e A o ST L e e
e o TR AT R s MBI A eSS s o
mirror 1 in 1§ §rsi@RPpdiRent. This light scanning

[0033]

Subsequently, a shape which will be the stationary frame 4 is

formed on the second silicon layer 220b by processing of the 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. Regions of the

oxidation film 220 other than the stationary frame 4 are 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 stationary frame 4 through the hinges 3. A plurality
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mirror 21 can be manufactured easily by forming the shapes including the contacting protrusions 22e
on the first silicon layer 200a by processing the bulk micro machining technology. [0037] FIGS.
6(a) and (b) respectively show a region of the light scanning mirror 21 in the vicinity of the stoppers 6.
The two contacting protrusions 22e are respectively disposed at positions nearer to the sides of the
stoppers 6 near to the hinges 3 than the contacting protrusions 22e. As shown in FIG. 6(a), it is
configured that gaps between the stoppers 6 and the contacting protrusions 22e are a little narrower

an e e SCRRRt S s s edormel s nddi, s 22 o
e e e 5 RS I BRI RRE, RERCPPrs,
possbe o RIERE AAtE ) ARCORTIREER RO RIS,
stoppers 6 dgy)ogGa8iASEANS NHWISA dulliRPeSEBIG (0 eSS LRECEE BFJebipeey3 surely.

Since the stoppers 6 and the contacting protrusions 22e are at the same electric potential, even when

the stopper§) gpaltasiolh eHro TGRSt arfiAgamid?er SCHRe hrAlfegsuiadnd thus, itis possible to
maintain the light scanning mirror 21 in movable state surely. [0038] FIG. 7 shows a light scanning

mirror 41 ingkpegl tamee it asthirda b pslipessyi b ¢ kndessebEy eheamars dohiserning mirror 41
comprises a moving plate 42 having stoppers 46 formed along the hinges 3 replacing with the moving
plate 2 of theogjlofsthedirghtngoanhi mgamiitiorscantadies desribienrmanafaet mimgd at the
supporting portions 4b of the stationary frame 4. The contacting protrusions 44e are respectively
formed to ppFOGesSIew afdtine Hehingosat ag misoertidnara hoth sdedindhasgeaBMt distant
farther from the hinges 3 than the stoppers 46. The configurations of the light scanning mirror 42 other

than the mdSRPERER! 210 REHRrPaRthEn AsRIRERGRSS4HIAFaSHNI B MEMR BEQEESE Mjht scanning

mirror 1 in the first embodiment. This light scanning mirror 41 can be manufactured easily by forming
the shapes Qiﬁﬁ% Bﬂ?@ypga@ekgﬁrg PREN LRy ptlﬁrﬁgl‘iﬁé%et%ﬁ the first silicon layer

200a by prop?reésaien itHS %lf'lifhrréi%@crgﬁahéﬂiPg&ﬁﬁ%@%Pgi/Oé%OPﬁ?Ay be performed prior to
the processing of the first silicon layer 200a.
[0034]

As mentioned above, since the moving plate 2 displaces not so
large, and thus, breakage of the hinges 3 can be prevented by
providing the stoppers 6 in this embodiment, it is possible to enhance
crashworthy of the light scanning mirror 1.  Since the stoppers 6 are
disposed in the vicinities of the hinges 3, even when the moving plate
2 inclines with respect to the stationary frame 4, it is possible to
restrain the displacement of the moving plate 2 in the lateral direction
effectively, and to prevent the breakages of the hinges 3 surely. At
this time, since the stoppers 6 do not contact the hinges 3, it is
possible to prevent the breakage of the hinges 3 surely. In addition,
since the moving plate 2 is pivoted by the hinges 3, it is hard to

displace in alongitudinal direction of the axis of swing motion
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FIGS. 8(a) and (b) respectively show a region of the light scanning mirror 41 in the vicinity of the
stoppers 46. Two of the contact protrusions 44e are respectively disposed at positions near to the
sides of the stoppers 46 nearer to the hinges than the contacting protrusions 44e. As shown in FIG.
6(a), it is configured that gaps between the stoppers 46 and the contacting protrusions 44e are a little
narrower than gaps between the stoppers 46 and the hinges 3 in the normal state. Chamfers 44f and
chamfers 46a are formed on the contacting protrusions 44e and the stoppers 46 respectively, similar

o R e e A AT 2
Thererore, HISHSCSRTS SIEER R TBIREE & TR D Bk R RS vonny o

the light sc%qﬂqﬂ%r@wﬁa%t%s ﬁ%bgéw%@,b%n&%ﬂ% Fg%f’\;l' ?leéafirst embodiment or the

second embodime ce the stoppers 46 inges iS possible to prevent the

breakage ogliepiPs ngé'fﬁ‘h( ﬁéﬂégy;léyf@ri%ﬁ’cﬁiﬁgetﬂ@o &g 82571 {pRcHqi the contacting

protrusions 44e and the Chamfers 46 med on the stoppels 46, it is possible to prevent the

breakage ofespiBne prEVE D ErRe MasicagB rugenBithRedCP &l ecti TPy 9 Shaws a region of a

light scanning mirror in the vicinity of the stoppers 56 in accordance with a fourth embodiment of the

present inveglditi dn tepricdit ieebihpers, @ire sphontatiobyot e r@idssemnmomtiner is similar to
that of the light scanning mirror 1 in the first embodiment, so that description of it is omitted. In the
fourth embatiispéaceheestb ppdizesmmvinniriplaiey2xitiessgsossidfertoedanst patédad replacing with
the stoppers 6 to which the sticking prevention films are formed. As shown in the figure, the
convexities $60RgeSFoaHEE B0 SHBRA tHAth e StaRPRY 6faheasidiperSHbl contacting to side end
portions of the recesses 2e when the moving plate 2 displaces in planar view, for example. [0041]

furthermore, the chamfers 6a are formed on the stoppers 6 so that the

portions which may contact the side end portions of the recesses 2e

are not aculeate, and similarly, the chamfers 2f are formed at side end

portions of the recesses 2e so that the portions which may contact the

stoppers 6 are not aculeate. Therefore, it is hard to concentrate the

stress to the contacting portions of the stopper 6 and the side end

portion of the recess 2e, so that it is possible to prevent breakage of

the stoppers 6 and the moving plate 2.

[0035]

Furthermore, the stoppers 6 and the side end portions of the

recesses 2e are at the same electric potential, and the sticking

prevention films are formed on the portions of the stoppers 6 which

may contact the side end portions of the recesses 2e. Therefore,

even when the stopper 6 contacts the recess 2e, sticking due to

electrostatic force hardly occurs, and thus, it is possible to prevent

that the moving plate 2 becomes immovable, surely. Still

furthermore, it is sufficient that the stoppers 6 are provided at sides of

18



In the fourth embodiment, since the convexities 56¢ are provided on the stoppers 56, when the stopper
56 and the side end portion of the recess 2e contact, contacting areas of each other become smaller.
Thereby, affection of electrostatic forces between the stopper 56 and the recess 2e becomes smaller,
so that occurrence of sticking can be prevented. In addition, shapes of the convexities 56¢ are not
limited to the saw tooth shapes. The convexities 56¢ are preferably formed to have shapes not to
concentrate stress to contacting portions too much when the stopper 56 contacts the recess 2e. Still

o RS S B RS APt o s pgprers 3 conecing
e e R B L T TN g o ©
chen e o /BTN CTOE o SRR R Mo i svin

aimbels tpa BRyiBAEeRA SRR AREEACHRAREY PiRIhES AREIRIRSIAMA nd 2 miTor o

which a mirror face is formed is swingably pivoted on the moving frame, this case,

displacemepipf grmoriag bt aIfAoneel Ny BRMEaNerthe Mifel fiduke repiawed by
forming stoppers along hinges by which the moving frame is pivoted. Similarly, displacement of the

mirror servitigeastthsperyibCalaisenftr raspesiriouthameoustyfiartheair beesseitee fidryriorming

stoppers along hinges by which the mirror is pivoted. Furthermore, the light scanning mirror may be
configured the stagiendiop firarbsditb\processipigtthedizastl sil iices Cayseb200a, isanthiigving forces
to swing the moving plate may be electrostatic forces acting between flat electrodes, electromagnetic
forces, elecei@iIncoRebicey OpREgepritatiieerstingtstepirars @lapaddiatist aliesakyting between
comb tooth electrodes. Still furthermore, the stoppers may not be formed integrally with the moving

plate or thefffame, 4R heyPssuiiegded Hi osaohY Miami@eEERE moving plate or the frame if it

enables to resér? the displacement of the moving plate. In any case, it is possible to restrain the
displaceme[‘&) moving plate in the lateral direction, to prevent the breakage of the hinges and to

posiion in sides X HEHHAELIHcH SEBROH LRSI BHIE! (02 B Socat IO the
e o R e SR B AT T SRR e e
to a stationgryifiaRe BXEBHH embodiment.  Hereinafter, elements similar to those
in the above mentioned first embodiment are designated by the same
reference marks, and only the portions different from the above first
embodiment are described. The light scanning mirror 21 has a
moving plate 22 of a different shape from the moving plate 2 of the
light scanning mirror 1. In other words, as shown in the figure, the
moving plate 22 has no recess 2e but has contacting protrusions 22e
formed to protrude toward the stationary frame 4 respectively at
positions distant much farther from the hinges 3 than the stoppers 6 at
both side portions of the hinges 3. Other configurations of the
moving plate 22 and a configuration of the light scanning mirror 21
other than the moving plate 22 are similar to those of the light

scanning mirror 1 in the first embodiment. This light scanning
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hinges is formed on a semiconductor substrate. In other words, it is possible to enhance crashworthy
of the moving structure by providing stoppers along the hinges at positions in sides of the hinges.
[BRIEF DESCRIPTION OF THE DRAWINGS] [0044] [FIG. 1](a) is a perspective view showing an
upper side of a light scanning mirror which is a moving structure in accordance with a first embodiment
of the present invention, and (b) is a perspective view showing a lower side of the light scanning
mirror. [FIG. 2]Plain view of the above light scanning mirror

mirror 21 can be manufactured easily by forming the shapes including
the contacting protrusions 22e on the first silicon layer 200a by
processing the bulk micro machining technology.

[0037]

FIGS. 6(a) and (b) respectively show a region of the light
scanning mirror 21 in the vicinity of the stoppers 6. The two
contacting protrusions 22e are respectively disposed at positions
nearer to the sides of the stoppers 6 near to the hinges 3 than the
contacting protrusions 22e. Asshown in FIG. 6(a), it is configured
that gaps between the stoppers 6 and the contacting protrusions 22e
are alittle narrower than gaps between the stoppers 6 and the hinges 3
in the normal state. In addition, chamfers 22f of round shape are
formed at corners of the contacting protrusions 22e at the sides of the
stoppers 6. When the moving plate 2 displaces in alateral direction
as shown in FIG. 6(b), one of the stoppers 6 contacts the contacting
protrusion 22e, so that the moving plate 22 displaces no more.
Therefore, it is possible to prevent the breakages of the hinges 3 and
to enhance the crashworthy of the light scanning mirror 21 in this
embodiment similar to the above mentioned first embodiment. Since
the stoppers 6 do not contact the hinges 3, it is possible to prevent the
breakage of the hinges 3 surely. Since the stoppers 6 and the
contacting protrusions 22e are at the same electric potential, even
when the stopper 6 contacts the contacting protrusion 22e, sticking
hardly occurs, and thus, it is possible to maintain the light scanning
mirror 21 in movable state surely.
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[FIG. 3]A-A sectional view in FIG. 2 [FIG. 4](a) is a plain view showing a portion of the above light
scanning mirror in the vicinity of stoppers, and (b) is a plain view showing the same part when the
moving plate displaces from normal state. [FIG. 5]Perspective view showing a light scanning mirror in
accordance with a second embodiment of the present invention [FIG. 6](a) is a plain view showing a
portion of the above light scanning mirror in the vicinity of stoppers, and (b) is a plain view showing the
same part when the moving plate displaces from normal state.

[0038]

FIG. 7 shows a light scanning mirror 41 in accordance with a
third embodiment of the present invention. The light scanning
mirror 41 comprises a moving plate 42 having stoppers 46 formed
along the hinges 3 replacing with the moving plate 2 of the light
scanning mirror 1. In addition, contacting protrusions 44e are
formed at the supporting portions 4b of the stationary frame 4. The
contacting protrusions 44e are respectively formed to protrude toward
the moving plate 42 at positions at both sides of the hinges 3 and
distant farther from the hinges 3 than the stoppers 46. The
configurations of the light scanning mirror 42 other than the moving
plate 42 and the contacting protrusions 44e are similar to those of the
light scanning mirror 1 in the first embodiment. This light scanning
mirror 41 can be manufactured easily by forming the shapes including
the moving plate 42 and the contacting protrusions 44e on the first
silicon layer 200a by processing the bulk micro machining
technology.

[0039]

FIGS. 8(a) and (b) respectively show a region of the light
scanning mirror 41 in the vicinity of the stoppers 46. Two of the
contact protrusions 44e are respectively disposed at positions near to
the sides of the stoppers 46 nearer to the hinges than the contacting
protrusions 44e. Asshownin FIG. 6(a), it is configured that gaps
between the stoppers 46 and the contacting protrusions 44e are alittle
narrower than gaps between the stoppers 46 and the hinges 3 in the
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[FIG. 7]Perspective view showing a light scanning mirror in accordance with a third embodiment of the
present invention [FIG. 8](a) is a plain view showing a portion of the above light scanning mirror in the
vicinity of stoppers, and FIG. 8(b) is a plain view showing the same part when the moving plate
displaces from normal state. [FIG. 9]Plain view showing a portion of a light scanning mirror

normal state. Chamfers 44f and chamfers 46a are formed on the
contacting protrusions 44e and the stoppers 46 respectively, similar to
the chamfers 2f for the recesses 2e and the chamfers 6a of the
stoppers 6 of the light scanning mirror 1. As shown in FIG. 6(b),
when the moving plate 42 displaces in alateral direction, one of the
stoppers 46 contacts the contacting protrusion 44e, so that the moving
plate 42 displaces no more. Therefore, it is possible to prevent the
breakages of the hinges 3 and to enhance the crashworthy of the light
scanning mirror 41 in this embodiment similar to the above mentioned
first embodiment or the second embodiment. Since the stoppers 46
do not contact the hinges 3, it is possible to prevent the breakage of
the hinges 3 surely.  Still furthermore, since the chamfers 44f are
formed on the contacting protrusions 44e and the chamfers 46a are
formed on the stoppers 46, it is possible to prevent the breakage of
the stoppers 46 or the contacting protrusions 44e.

[0040]

FIG. 9 shows aregion of alight scanning mirror in the vicinity
of the stoppers 56 in accordance with a fourth embodi ment of the
present invention. In the forth embodiment, entire configuration of
the light scanning mirror is similar to that of the light scanning mirror
1 in the first embodiment, so that description of it isomitted. Inthe
fourth embodi ment, the stoppers 56 to which convexities 56c¢ are
formed are provided replacing with the stoppers 6 to which the
sticking prevention films are formed. As shown in the figure, the
convexities 56c¢ are provided to form saw tooth at positions of the
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in the vicinity of stoppers in accordance with a fourth embodiment of the present invention [LIST OF
MARKS] [0045] 1, 21, 41 light scanning mirror (moving structure) 2, 22, 42 moving plate 2e recess 3
hinges

stoppers 56 contacting to side end portions of the recesses 2e when
the moving plate 2 displaces in planar view, for example.
[0041]

In the fourth embodiment, since the convexities 56c¢ are
provided on the stoppers 56, when the stopper 56 and the side end
portion of the recess 2e contact, contacting areas of each other
become smaller. Thereby, affection of electrostatic forces between
the stopper 56 and the recess 2e becomes smaller, so that occurrence
of sticking can be prevented. In addition, shapes of the convexities
56¢ are not limited to the saw tooth shapes. The convexities 56¢ are
preferably formed to have shapes not to concentrate stress to
contacting portions too much when the stopper 56 contacts the recess
2e. Still furthermore, it is preferable to form sticking prevention
films at positions of the stoppers 56 contacting the side end portions
of the recesses 2e in the fourth embodiment, so that occurrence of
sticking can be prevented surely.

[0042]

In addition, the present invention is not limited to the
configurations of the above mentioned embodiments, it is possible to
modify in various manner in the scope not to change the purpose of
the invention. The light scanning mirror is not limited to one which
can swing around a single axis as described in the above mentioned
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 formed is swingably pivoted on the moving
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4 stationary frame (frame) 5 comb tooth electrodes 6, 46, 56 stoppers 6a chamfers 10 mirror face 56c¢
convexities

frame, for example. In this case, displacement of a moving plate
including the moving frame and the mirror can be restrained by
forming stoppers along hinges by which the moving frame is pivoted.
Similarly, displacement of the mirror serving as the moving plate with
respect to the moving frame can be restrained by forming stoppers
along hinges by which the mirror is pivoted. Furthermore, the light
scanning mirror may be configured of asingle silicon substrate or a
metal plate instead of the SOI substrate, and driving forces to swing
the moving plate may be electrostatic forces acting between flat
electrodes, electromagnetic forces, electrostriction forces or
heatstriction forces instead of the electrostatic forces acting between
comb tooth electrodes.  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 any case,
it is possible to restrain the displacement of the moving plate in the
lateral direction, to prevent the breakage of the hinges and to enhance
the crashworthy of the light scanning mirror by forming the stoppers
along the hinges at positions in sides of the hinges which support the
moving plate.

[0043]

Still furthermore, the present invention is not limited to alight
scanning mirror having a mirror face to scan light, and it is widely
applicable to a moving structure that a moving plate whichis
configured swingable with respect to a stationary frame by twin
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[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,
and a frame to which another end of each of the twin hinges is connected and which supports the
hinges, and wherein the moving plate is configured swingable with respect to the frame while
twisting the twin hinges, characterized in that stoppers are formed along the hinges at both sides of
the hinges, so that a quantity of displacement of the moving plate in a direction parallel to an upper

plate dispiaPLROR L O] TR A\ A S ROHE L R BB SRS Pl that
possible to enhance crashworthy of the moving structure by providing
stoppers along the hinges at positions in sides of the hinges.
[BRIEF DESCRIPTION OF THE DRAWINGS]
[0044]
[FIG. 1] (a) is a perspective view showing an upper side of a
light scanning mirror which is a moving structure in accordance with
afirst embodiment of the present invention, and (b) is a perspective

view showing alower side of the light scanning mirror.

[FIG. 2] Plain view of the above light scanning mirror
[FIG. 3] A-A sectional view in FIG. 2
[FIG. 4] (a) isaplain view showing a portion of the above light

scanning mirror in the vicinity of stoppers, and (b) isaplain view
showing the same part when the moving plate displaces from normal
state.

[FIG. 5] Perspective view showing a light scanning mirror in
accordance with a second embodiment of the present invention

[FIG. 6] (a) isaplain view showing a portion of the above light
scanning mirror in the vicinity of stoppers, and (b) isaplain view
showing the same part when the moving plate displaces from normal
state.

[FIG 7] Perspective view showing a light scanning mirror in
accordance with a third embodiment of the present invention

[FIG. 8] (a) isaplain view showing a portion of the above light
scanning mirror in the vicinity of stoppers, and FIG. 8(b) isaplain
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recesses are provided on the moving plate so that they are formed to be concaved in a longitudinal
direction of the hinges in the vicinities of portions pivoted by the hinges, and the stoppers are integrally
formed with the frame and formed to be located between the hinges and side end portions of the
moving plate to which the recesses are formed. [Claim 3] The moving structure in accordance with
claim 1, characterized in that the moving plate has contacting protrusions formed to protrude toward
the stationary frame respectively at positions distant from the hinges than the stoppers at both side

ortions of the hinges. . . .
P view showing the same part when the moving plate displaces from

normal state.
[FIG. 9] Plain view showing a portion of alight scanning mirror
in the vicinity of stoppers in accordance with a fourth embodiment of
the present invention
[LIST OF MARKS]
[0045]

1,21, 41 light scanning mirror (moving structure)

2,22,42 moving plate

2e recess

3 hinges

4 stationary frame (frame)

5 comb tooth electrodes

6, 46, 56 stoppers

6a chamfers

10 mirror face

56¢c convexities
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[Claim 4] The moving structure in accordance with one of claim 1 to claim 3, characterized in that a
chamfer of a round shape is formed at each corner of the stoppers. [Claim 5] The moving structure
in accordance with one of claim 1 to claim 4, characterized in that the stoppers are configured to be

the same electric potential as the hinges. [Claim 6] The moving structure in accordance with one of
claim 1 to claim 5, 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. [CI[':\('LSEEI MS]
[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, and a frame to
which another end of each of the twin hinges is connected and which
supports the hinges, and wherein

the moving plate is configured swingable with respect to the
frame while twisting the twin hinges, characterized in that

stoppers are formed along the hinges at both sides of the
hinges, so that a quantity of displacement of the moving platein a
direction parallel to an upper face of the moving plate is restrained by
contacting a part of the moving structure when the moving plate
displaces.

[Claim 2]

The moving structure in accordance with claim 1,
characterized in that

recesses are provided on the moving plate so that they are
formed to be concaved in alongitudinal direction of the hingesin the
vicinities of portions pivoted by the hinges, and

the stoppers are integrally formed with the frame and formed
to be located between the hinges and side end portions of the moving
plate to which the recesses are formed.

[Claim 3]
The moving structure in accordance with claim 1,
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A light scanning mirror having the moving structure in accordance with one of claim 1 to claim 6; and
a mirror face for reflecting incident light is provided on a top face of the moving plate.

characterized in that the moving plate has contacting protrusions
formed to protrude toward the stationary frame respectively at
positions distant from the hinges than the stoppers at both side
portions of the hinges.

[Claim 4]

The moving structure in accordance with one of claim 1 to
claim 3, characterized in that a chamfer of around shape is formed at
each corner of the stoppers.

[Claim 5]

The moving structure in accordance with one of claim 1 to
claim 4, characterized in that the stoppers are configured to be the
same electric potential as the hinges.

[Claim 6]

The moving structure in accordance with one of claim 1 to
claim 5, 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 7]

A light scanning mirror having the moving structure in
accordance with one of claim 1 to claim 6; and

amirror face for reflecting incident light is provided on atop

face of the moving plate.
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