1 DESCRI PTI ON MOVABLE STRUCTURE AND OPTI CAL SCANNI NG
M RROR USI NG SAME Technical Field [0001] The
present invention relates to a noving structure having
a noving plate which is fornmed on a sem conduct or
substrate and confi gured td be pi vot ed swi ngably by

hi nges. Background Art

DESCRIPTION

MOVABLE STRUCTURE AND OPTICAL SCANNING MIRROR
USING SAME

Technical Field
[0001]

The present invention relates to a moving structure having a
moving plate which is formed on a semiconductor substrate and
configured to be pivoted swingably by hinges.

Background 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 to patent document 3,
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 moving plate and the stationary frame are
coupled by hinges each other. The moving plate is driven by a pair
of comb tooth electrodes facing each other and formed between the

moving plate and the stationary frame, for example. The comb tooth



[ 0002] Conventionally, it is known that sone
optical instrunents such as bar-code readers or
projectors use a light scanning mrror to scan |ight
beans incident to a mirror by sw nging a nmoving plate
to which the mrror is provided (see patent docunent 1
to patent docunent 3, for exanple). As for the |ight
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when it is used as a light. scanning mrror and a
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novi ng plate and the stationary frame are coupl ed by .
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pair of conb tooth el ectrodes facing each other and
twosting thethisgesthie dvringgfostes geantatedeb s the icoml yooth
frame, for exanple. The conb tooth 2 electrodes are
elestredes,cand thugaswingheroeneé the thinges sarangrafmge @ixas.
an interval of several gmw th each other, and
[0608]ate el ectrostatic forces when vol tages are

appl i ed between the each other's el ectrodes. The

movi nBypiled wvayotiatsrrchvg lliphteseaeting antdrer,sinadtderatoyassure
frame while twi'sting the hinges by driving forces

sganeraige mcdskerg edtzchadisgheboct smdésdrisigg tolgage, it is
swi ngs around the hinges serving as an axis. [0003]
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The patent document 1 discloses a structure of a light scanning
mirror in which a cover substrate is joined to a semiconductor
substrate. However, even though the cover substrate is provided,
displacement of the moving plate is not restrained in such a structure,
when a mechanical shock is applied from outside, the hinges may be
broken before the moving plate contacts the cover substrate. In
addition, the patent document 2 discloses a micro-mirror device in
which a pivot which can support a central portion‘serving as a center
of inclination of a moving plate is formed. However, there is a

problem that the micro-mirror device is not easily manufactured



The patent docunent 1 discloses a structure of a |ight
scanning mrror in which a cover substrate is joined
to a sem conductor substrate. However, even though the
cover substrate is provided,3di spl acement of the
noving plate is not restrained in such a structure,
when a nmechani cal shock is applied from outside, the
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[Sgﬁiﬁge is not easily manufactured 3 because the pivot

cessary to be forned precisely at a predeterm ned
position to correspond to the central portjion of the
movi ndpthe &vandhgremhdosth eleaodssusgdiozissichy adusht
By the way, the conb tooth el ectrodes used for such a
scaghing saneharecondiguaed ey magy combyoonioroed to be
tooth formed to be very thin to generate |arge. )
vergdhim$o ganerate large albetrostati atforses. or Wherevibirdtoens or a
shock are/is applied to the light scanning mrror from
noectisanieahshoek qrefisiapplodd do shedegnestanmnganerral from
di rection becones larger, the co tooth el ectrodes
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frame, or the conb tooth el ectrodes provided on the
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on. Since each conb teeth is thin and weak, it my be

oBRAT gl R 3 B4 Uoumt OIS aep o
the stationary frame may contact the moying plate, and so on.. Since
each comb teeth is thin and weak, it may be broken due to it contacts
the stationary frame or the moving plate.
Prior Art Documents
Patent Documents
[0006]
Patent Document 1: JP 2004-109651A
Patent Document 2: JP 2003-57575A
Patent document 3: JP 2004-13099A
Summary of Invention
Problems that the Invention is going to Solve
[0007]

The present invention is conceived in consideration of the

above mentioned problems and purposed to provide a moving



[ 0006] Patent Docunent 1: JP 2004-109651A Pat ent
Docunent 2: JP 2003-57575A Pat ent docunent 3. JP
2004- 13099A Sunmary of Invention Problens that the

I nvention is going to Sol ve 40007] The present
invention is conceived in consideration of the above
nment i oned probl ens and purposed to provide a noving

structure and a light scanning mirror using the same, which can be
manufactured easily and has a high crashworthy even because the
hinges and the comb tooth electrodes are nonbreakable even when a
mechanical shock 1s applied from outside.

Means to solve the Problems

[0008]

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, which restrain a
displacement of the moving plate by contacting a part of the moving
structure when the moving plate displaces, are further comprised.
[0009]

The invention of claim 2 is characterized in that the stoppers
are provided to restrain the displacement of the moving plate in
in-plane direction, in the moving structure described in claim 1.
[0010]

The invention of claim 3 is characterized in that the stoppers
are formed along the hinges in sides of the hinges, in the moving
structure described in claim 1 or claim 2.

[0011]



4 structure and a light scanning mrror using the
sane, which can be manufactured easily and has a high
crashwort hy even because the hinges and the conb tooth
el ectrodes are nonbreakabl e ven when a nechani cal
shock is applied fromoutside. Means to solve the

Probl ens [ 0008] For achi eving the above
ti t he: i , ) -
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supports_t he hinges, .and wherein the Vi n |ate is
reaGtdorthe fgm@a@eef%?hw p@%&%ﬁ&rﬁ&h? AP GRS
tmﬁsting)the twi n hinges, characterized in that
dispasest t0 confagt aneshesiporsion @E (e SN SFLrRRBITREAGRpt the
pl ate by contacting a part of the noving structure
cohsn tooth electrades, avbedithpl mowsng plater disphages in the
conprised. [0009] The invention of claim?2 is
inhdenetdiréctecn in thamoving stuppture deserhed inelaing 1 or
restrain the displacenent of the noving plate in
clainpRane direction, in the noving structure descri bed
inclaiml. [0010] The invention of claim3 is

[6bpppcterized in that the stoppers are formed al ong
the hinges in sides of the hinges, in the noving

st r uctryes ndRaeidP 8¢ dlfifh! Ridthalictétigeid. that the stoppers
are integrally formed with the moving plate or the frame, in the
moving structure described in one of claim 1 to claim 4.
[0013]

The invention of claim 6 is characterized in that recesses are
provided on the moving plate so that they are formed to be concaved
in é longifudinal 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, in the
moving structure described in claim 3.

[0014]

The invention of claim 7 is characterized in that a chamfer of a
round shape is formed at each corner of the stoppers, in the moving
structure described in one of claim 1 to claim 6.

[0015]



[0011] 5 The invention of claim4 is
characterized in that conb tooth el ectrodes, which are
formed on a part of the noving plate and a part of the
frame to face each other, arfd swing the noving plate
with respect to the frame, are further conprised, and
the stoppers are disposed to contact another portion
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piosrti%?lacgfa &%eeiﬁozﬁ%é sntr{lcr:]tautretvgﬁia{ cbhtacts the stopper when the
moving plate displaces in a lateral direction, in the moving structure
described in one of claim 1 to claim 7.

[0016]

The invention of claim 9 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 moving structure described in one
of claim 1 to claim 8.

[0017]

The invention of claim 10 is characterized in that the stoppers
are provided to restrain the displacement of the moving plate in
thickness direction, in the moving structure described in claim 1.
[0018]

The invention of claim 11 is characterized in that the moving
plate, the hinges and the frame are provided on a semiconductor
substrate, a protection substrate for protecting the moving plate is
joined to at least one face of the semiconductor substrate, and the
stoppers are protruded toward a centér axis of swing motion of the
moving plate from the protection substrate, in the moving structure
described in claim 10.

[0019]

The invention of claim 12 is characterized in that the stoppers



are integrally fornmed with the noving plate or the
frame, in the noving structure described in one of
claim1l to claim4. [0013] The invention of claim
6 is characterized in that r2cesses are provi ded on
the noving plate so that they are fornmed to be
concaved in a Iongitudinal direction of the hinges in

t he,vi ci i es.of t|on . by the h|n
feroliishat bO3igonh gl HySohechingas s ad Tildnec et the
f.or med ﬁ | ocat ed mgen t he hi nges and side end
fblargpﬁaﬁ e%ft Pﬁaomg 1placessinciiier MO VIBE SRR UES
qDV|ng structure described in claim 3.

4 edrnczmﬁ@ lavention of claim7 is characterized
! that a chanfer of a round shape is fornmed at each

r of the stoppers, in the noving structure
described in one of claim1l to claim6. [0015]

The invention of claim 13 is characterized in that each of the

stoppers include an upper stopper disposed in a top face side of the
moving plate, and the upper stopper is formed to protrude toward a
center axis of swing motion of the hinges so as to restrain the
displacement of the moving plate by contacting the moving plate in
displacement of the moving plate, in the moving structure described
in claim 12.

[0021]

The invention of claim 14 is characterized in that a supporting
member is integrally formed with the moving plate below a bottom
face of the moving plate, the stoppers include a lower stopper
disposed in a bottom face side of the moving plate, and the lower
stopper is formed to protrude toward a center axis and along the
center axis of swing motion of the hinges so as to restrain the
displacement of the moving plate by contacting the supporting
member which displaces integrally with the moving plate in
displacement of the moving plate, in the moving structure described
in claim 12.

[0022]
The invention of claim 15 relates to a light scanning mirror

characterized in that it has the moving structure described in one of



B The invention of claim8 is characterized in

that the stoppers are configured to be the sane

el ectric potential as that of another portion of the

novi ng structure which contdcts the stopper when the

noving plate displaces in a |ateral direction, in the
novi ng structure described in one of claimlto claim

claip o1 Haigy 14, WRLE WAL BB bk B RiTnbineideptdieny is
rotrusion is fornme n at leas part of each of the
wBpSisa 0o 48 fBec i Becfoving dlafi bet ween ¢ he

opper .and .one whi ch contacts the stopper, in the
E?f:f@fl&gogttgﬁgﬂ)’r“éltél‘é%cri bed in one of claim1 to claim

8. é 017] The invention of claim10 is
[O¥d2hcterized in that the stoppers are provided to
restrain the displacenent. of the noving plate in

t hi ckAepordingéoitbs, inventioa ebelaig 4t stneaithe sepperped
inclaiml, [0018] The invention of claim1l is
restaaioc the dzsplaceamdndtof the moxsing plate by congaptinges panidof
the frame are provided on a sem conductor substrate, a
tipe mevid getrachste, dhe Hiagepramdetitd ogmibhto athvelegtnoldes e

Is joined to at | east one face of the sem conductor
beubaie hhed tark bhekai epparwhene prechandesl shovek o applied to

center axis of swing notion of the noving plate from

théra foeh eaitsRIe. SUDhEret ¢, it 1§ Fd%@iﬁl@\tb%ﬁéﬂwtwsﬁworthy of
described in claim10. 70019

the moving structure.
[0024]

According to the invention of claim 2, even when the moving
plate displaces in the in-plane direction by acting on the mechanical
shock from outside, a quantity of the displacement of the moving
plate in the in-plane direction is restrained by the stoppers.
Therefore, since the moving plate may not displace largely, and thus,
breakages of the hinges can be prevented, it is possible to enhance
crashworthy of the moving structure.

[0025]

According to the invention of claim 3, since the stoppers are
disposed in the vicinities of the hinges, it is possible to restrain the
displacement of the moving plate in the in-plain 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 stoppers is lower in comparison with the conventional case of



7 are fornmed at positions distant fromthe hinges so
as not to contact the hinges when the noving plate

di spl aces, in the noving structure described in claim
11. [0020] The inventi®n of claimi13 is
characterized in that each of the stoppers include an
upper stopper disposed in a top face side of the
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i.nvention of claim14 is characterized in that a
@Hﬁﬁ&sﬂlirﬁ]@"nenber is integrally formed with the noving
I_z)lpgt bel ow a bottom face of the noving plate, the
éﬁers include a | ower stopper disposed in a bottom
face side of the noving plate, and the |ower stopper
i s fokeepndangtot thedie viemizomd of cdaimn &, sance thagoanbgoth of
the center axis of swing notion of the hinges so as to
thestombrtoohle cli¢ctwbdes memy noft dcdmracbthienmaviateplage, the
contacting the supporting nenber which displaces
framegoiatheylikiet it ishpossibilago Prevent thelbsphleagerefithefcomb
the noving plate, in the noving structure described in
tobth elddrod€9HaRl to enhance the crashworthy of the moving

structure.
[0027]

According to the invention of claim 5, 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.
[0028]

According to the invention of claim 6, 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.

[0029]
According to the invention of claim 7, since there is no

aculeate shape at a portion of each of the stoppers which contacts



The invention of claim15 relates to a |ight scanning
mrror characterized in that it has the noving
structure described in one of S claiml to claim 14,
and a nirror face for reflect®ng incident light is
provided on a top face of the noving plate. Effects of
the I nvention [0023] According to the invention
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ﬂ?ere?grg tltcligtp%rsglbl[e to pllevent the breakage of the stopper or the

portion of the moving structure contacting the stopper.

[0030]

According to the invention of claim 8, even when the stopper
contacts another portion of the moving structure due to the
displacement of the moving plate in a lateral direction, it is possible
to prevent that the moving plate becomes immovable to swing due to
occurrence of sticking by electrostatic force.

[0031]

According to the invention of claim 9, even when the stopper
contacts another portion of the moving structure due to the
displacement of the moving plate in a lateral direction, it is possible
to prevent that the moving plate becomeé immovable to swing
because occurrence of sticking is prevented by the sticking prevention
film or the protrusion.

[0032]

According to the invention of claim 10, since the displacement
of the moving plate in thickness direction is restrained by the stopper,
it is possible to prevent the breakage of the hinge even when a
mechanical shock is applied to the moving plate in the thickness

direction from outside.

[0033]



According to the invention of claim2, even when the
nmovi ng pl ate displaces in the in-plane direction by
acting on the nechani cal shock from outside, a
quantity of the displacenent1ldf the noving plate in
the in-plane direction is restrained by the stoppers.
Therefore, since the noving plate nmay not displ ace

| ar gel i n
or cverk SO I IRARNTT of ol L dERedRP shSpers
' ryct us.e. 025 . Accor di 0.4h
§lRy Wl GRS o mrrion o ERLLIE: Hiptement
inthe vi.cinities of the hinges,.it is possible t.o
qie SV B ki€ ip Sontilin toF Finbiansmen? B e niov Bgeplate,
.n-plain.direction effectively, even when the novin
if 15, PSS IE 01 [a5ade (e FIPRRERAEALQ Fhe Prowias pifte without
.addjtion, since |evel of, precision required )
hlgeking fhe §mn&1@&ésorwfttﬁé BOYHRS rrﬂatesamiwe,ﬁf the,hinges
conpari son with the conventional, case of 9 formng a
SEFVtS 3k AFedxisr did e irsntraimsheslisplicement of themogag plate
.manyfactured relatively easier. Mreover, since the
18t gpecsiamperendistiaicto the semigesducton subsseatepl e to
prevent the breakage of the hinges surely. [0026]
eﬁfﬁﬁitwlb’g to the invention of claim4, since the conb
tooth of the conb tooth el ectrodes may not contact the
[@0%4ng plate, the frame or the like, it is possible to
prevent the breakage of the conb tooth el ectrodes and
to enkeswadihg torthehinaetio b ftolgimoM, nknsé thetstogpers do
not contact with the hinges, it is possible to prevent trouble that the
hinge may be broken by contacting with the stopper.
[0035]

According to the invention of claim 13, it is possible to

restrain the displacement of the moving plate in upper side direction
by contacting the upper stopper with the moving plate. Thereby, it is
possible to enhance the crashworthy of the moving structure easier by
a simple structure.

[0036]

According to the invention of claim 14, it is possible to
restrain the displacement of the moving plate in a lower side by |
contacting the lower stopper with the moving plate. Thereby, it is
possible to enhance the crashworthy of the moving structure easier by
a simple structure.

[0037]



[ 0027] According to the invention of claimb5,
since the stoppers can be forned easily by processing
a menber which constitutes the noving plate or the
frame when formng the noving plate or the frame, the
novi ng structure can be manufactured nuch easier.

[ 0028] According to the invention of claim®6,

the q L -di e . h j e
can bettesting e e HySRRITRRElainl 15t S SEFORTpR:
side of ,the recess in e displ acenent i ng
cPhafied thharapErohy SetE LLiEr e ETRE R A LB
structure to i.e%:;r ai n theé’guant [ t%].aof t he di spl acenment
IANY RETWER, gy 184 SCaRBLnE JBUTet €a%dYst r onger. [0029]
According to the _invention of claim7, since there is
Bideb Descxiptionpb Drawings ¢ i on of each of the stoppers
which contacts 10 another portion of the noving
[@038¢ture in the displacenent of the noving plate, it
becones difficult to concentrate stress to the stopper..
and t F&Gpdfa) thaqurspeciing wicwhshowisg gppeppanside aba light
portion contact. Therefore, it is possible to prevent
sthentreakage whichés st oypangatruciarpantdceerdaneasvith a first
moving structure contacting the stopper. )
embodiment of the present invention, and FIG. 1(b) is a perspective
view showing a lower side of the light scanning mirror;
FIG. 2 is a plain view of the above light scanning mirror;
FIG. 3 is an 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 FIG. 4(b) is a plain
| view showing the same part when the moving plate displaces from
normal state;
FIG. 5 is a 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 FIG. 6(b) is a plain

view showing the same part when the moving plate displaces from
normal state;

FIG. 7 is a 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



[ 0030] According to the invention of claimS8,
even when the stopper contacts another portion of the
novi ng structure due to the displacenent of the noving
plate in a lateral direction]l3it is possible to
prevent that the noving plate becones i movable to

swi ng due to occurrence of sticking by electrostatic

f.orce. [003 Accor.di ng to the inventi. f
vifl Shem Reahe samme pRet Simpir Bt 4G Sifaes from
ortion of the noving structure due to the
rgbarla%tég%nt of the nmoving plate in a | ateral
direction, |t is possible to, prevent, that the novin
pl at eFQQQ&mssa [lﬁﬁﬁk/&bﬁﬂé! Thowingg nanuser gdight seruling
sticking is prevented by the sticking prevention film
nairronén fhetvwiouisy of[ SoppErs in accasdaresd with 8 fomsth
invention of claim 10, since the displacenment of the
emobo dimphhiod the preserhaseentiontti on is restrai ned by
the stopper, it is possible to prevent the breakage of
t he hiFige 1éviana pieespectiee hdeivcshowiing e lightppainridg mirror
the noving plate in the thickness direction from
inuiceoddantOMi3h a fifth embodiment of the present invention;

FIG. 11 is a plain view of the above light scanning mirror;

FIG. 12 is an A-A sectional view in FIG. 11;

FIG. 13 is a plain View showing a portion of the above light
scanning mirror in the vicinity of stoppers;

FIG. 14 is a plain view showing stoppers in a first modification
of the above light scanning mirror;

FIG. 15 is a perspective view showing a light scanning mirror
in accordance with a sixth embodiment of the present invention;

FIG. 16 is an exploded perspective view showing an example
of a light :scanning mirror which is a moving structure in accordance
with a seventh embodiment of the present invention;

FIG. 17(a) is a perspective view showing an upper side of the
above light scanning mirror, and FIG. 17(b) is a perspective view
showing a lower side of the same light scanning mirror;

FIG. 18 is an A-A sectional view in FIG. 17(a);

FIG. 19 is a sectional side view in a manufacturing process of a
semiconductor portion of the above light scanning mirror;

FIG. 20 is a sectional side view in a manufacturing process of



11 According to the invention of claim 11, since

the stoppers protrude toward the axis of swing notion

at which the displacenent of the noving plate is small

in the displacenent of the nbing plate, it is

possible to |l ocate the stoppers near to the noving

pl ate wi t hout bl ocking the swing notion of the noving

t{‘ﬁlgate arPUﬁg t he hi ngﬁfg serving as an axis and to
A0 1BHE SGREPILE IMERP50f the moving plate in a

di rect] er pendi cul ar .to t.he sem conductor.

Subst 10k i Rergations) sidSosepw I6 A mangter gring peosess of

i nventjon of claim.,2, since the _ stoppers.do not
rcaBiCoRduS tohpORtingeat the abeve dighticannang rayEay;

troubl e that the hinge may be broken by contacting

with tHE. 22ispesectionabiside viewsAaco meamgfacturing process of

i nvention of claim13, it is possible to restrain the

thesysinaicomdnicterf pohdonoof the pbave lightumesnisgdairror;

direction by contacting the upper stopper with the

movi ngFlfd &Beis dlsectiopal isidé vipwsini dneanwlaetiengeptdeess of

crashworthy of the noving structure easier by a sinple

therseshicoaduc@®B8pbrtion of thacabdvedight ddamningeniiror; and

claim14, it is possible to restrain the displacenent

of th&TWYuUng Plsateonal 8id®WEwSinde nhynelrtadhignerddess of
| oner stopper with the noving plate. Thereby, It is

tH@Sa?ddi/'eeligHt §6£‘1@ﬁ:§ﬁg biieréd ashwor t hy of the noving
structure easier by a sinple structure.

Mode for Carrying Qut the Invention
[0039]

(First Embodiment)

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 a light scanning mirror (a moving structure) in
ac‘cor‘dance with this embodiment. The light scanning mirror 1is 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).
[0040]

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



[0037] 12 According to the invention of claim
15, it is possible to enhance the crashworthy of the
l'ight scanning mrror and to manufacture the |ight
scanning mrror easily. Bridf5 Description of Draw ngs
[ 0038] FIG 1(a) is a perspective view show ng
an upper side of a light scanning mrror which is a
ure_in_accor ce with a rst_.enbodi

(gﬁ\féc{»}% oﬁ)&%&ia tqr)sabside URNg sq: f cﬁn’gcro ma%%ng
t6Gumiogy. m FherSOFSGpSE 48 24 0pjseh aFipfesfrechss Bbvie
cL)Ingir’]s}tmsgC g?rg fqgstrr;lrhrc%rn la[;le% (a?étllvsatl%r}l iA\a_yAerS %)t()laoert]ncll avsle%\gnd
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 a top face thereof is substantially square or substantially
rectangular of about several mm in planar view.

[0041]

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
stoppers 6 formed on the stationary frame 4. As shown in FIG. 1(b),
a space is.formed below the moving plate 2, and the moving plate 21is

supported through the hinges 3 to be swingable with respect to the



FIG 4(a) is a plain view show ng a portion of the
above light scanning mrror in the vicinity of
stoppers, and FIG 4(b) is a plain view show ng the
same part when the noving plee displaces from nornal
st at e; FIG 5 is a perspective view show ng a
light scanning mrror in accordance with a second

enhodi ment of fhe present .i nvention; FI G a).
&t@tlanysai?wmﬁ MW ﬁi@e%llﬁsfs% goﬁ@f&ing RS tRE RS Iq?(gﬂ% ng
scanni n%élrri rror.in the vicinity_of stoppers,. and FIG
msotipn whaleptweisting the swanihingehd. sakgeginp Sthare

novi ng pl ate di spl aces from nornmal state; FIG 7
fosmedoso thatcan axiy ifermedday tliem pasges theangh gcenter of

in accordance with a third enbodi rent of the present
gravityt obthe movingplate® &) planar pieav.n A swidshdwnegszon of
portion of the above light scanning mirror in the
thediingty 3ofs sboppeeseradndnRioGevafrh) térs pnpl forrexatgple.

vi ew showi ng the sanme part when the noving plate
Vi lsag@epplicacivmareml sidtatiemetal films 10a and 10b are formed
on a top face of the stationary frame 4. - 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 or the like so that a
glass substrate 110 is joined to a bottom face of the stationary frame 4,
for example.

[0042]

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 aluminufn, 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.

[0043]

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



FIG 9 is a plain view showing a portion of a |ight
scanning mrror in the vicinity of stoppers in
accordance with a fourth enbodi nent of the present
invention; FIG 10 is a persiective view show ng a
l'ight scanning mrror in accordance with a fifth
enbodi nrent of the present invention; FIG 11 is a
plain vie

of the above |]ght nning,mrror; FlIG,.1
spsAsatp AIRASCdrE gﬁ%ﬂ siicaw | quiﬁ?c&aﬂntogthree fﬁg@&%“{@cﬁ are
| ain view show ng a portion of the abo I i ght
Oiwﬁmaﬂmb’ myulated gachothesi fﬂrtgxaénpkﬁ-op;yle@st;rgnCheS 101 are
FIG 14 is a plain view showi ng stoppers in a fiést
spades fermedrtoobe chanasbsbapeysonspanicaigngitopgnd to bottom
FIG 15 is a perspective view showing a |ight scanning

emidr o Hthe firatsdictamizyer 200a teineabh ¢hbatidefionofilmn220.
present invention; FIG 16 is an expl oded

Siacs phettrerechtseh0$ el fogneed enbyrphethef fiast sigieon layer 200a,
scanning mrror which is a noving structure in

eﬁ@ﬁercﬁaﬂh@eswitﬂdhaazls%uﬁm 4 igrfoeictenitegfalipe Arlesarenches

i nvention; 17(a) is a perspective view

MO ETA08 T el eSS ntons 0

rb et vE19ecAind ORISR End tHY h3ESENB NFerBletfically insulated
from other portions of the stationary frame 4. The stationary frame
4 is divided into the two supporting portions 4b which are connected
to the twin hinges 3 to 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 portions in FIG. 2, the
moving plate 2, the hinges 3 and the stationary frame 4 are configured
as three portions electrically insulated each other.

[0044]

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



FIG 18 is an A-A sectional viewin FIG 17(a); -

FIG 19 is a sectional side viewin a manufacturing
process of a sem conductor portion of the above |ight
scanning mrror, FIG 20 is @8sectional side viewin a
manuf act uri ng process of 14 the above |ight scanning
mrror; FIG 2lis a sectional side viewin a

manuf act.ur i Cess of he selg conduct or _portion of

hetwegmothe Pfegﬁfo ehARiAgl out Zpm to Spm.
[0045]

The stoppers 6 are provided to restrain a quantity of
displacement in a lateral direction of the moving plate 2, that is,ina
direction substantially perpendicular to the axis of swing motion
configured by the hinges 3 and substantially in parallel with the top
face of the SOI 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 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 ehds of them near to the moving
plate 2 are located 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



FIG 22 is a sectional side viewin a manufacturing
process of the sem conductor portion of the above
light scanning mrror; FIG 23 is a sectional side
view in a manufacturing procEss of the sem conductor
portion of the above |light scanning mrror; and FIG 24
is a sectional side view in a manufacturing process of

SR bR T i Lot ST,
[0046]

As shown in FIG. 2, chamfers 6a formed to be round shape are
provided at corners in the vicinity of the front ends of the stoppers 6.
In-addition, chamfers 2f formed to be round shape are provided at
corners of the recesses 2e facing the stoppers 6. The stoppers 6 are
formed so that gaps between the stoppers 6 and the recesses 2e of the
moving plate 2 become narrower than gaps between the stoppers 6
and the hinges 3. In addition, sticking prevention films (not
illustrated in the figures) are formed on p.ortions of the stoppers 6
facing the moving plate 2. The sticking prevention films are
provided by forming DLC (Diamond Like carbon) film or SAM
(Self-assembled Monolayer) on the portions of the stoppers 6 facing
the moving plate 2, for example.

[0047]

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 areé 10a disposed in the

supporting portion 4b is connected to the ground electric potential and



A first enbodi ment of the present invention is

descri bed below wth reference to figures. FIGS. 1(a)
and (b), FIG 2 and FIG 3 show an exanple of a |ight
scanning mrror (a noving stdQucture) in accordance
with this enbodinment. The |ight scanning mrror 1 is a
m niature one which is to be nounted on an opti cal

i nstrunment cheas a bar-c reade a l.ect .
the SirclTRdearicnt e PuotlnetRfofn B Bl a 2R rE B Hpuric
s%reen efg)'a;sea Iiglﬂé switch, and has a function to scan
nofemiial XHPEH-are incident fromexternal |ight
source or the like (not shown in the figures). [0040]
First, a configuration of the Iight scanning mrror 1
I's described, The light scanning mirror 1 is a NENS

( Niveo sets eéthe epb@@mar:& A2 wpstidey imebotheend mertions efjthe
by processing a SO _ 15 (Silicon on |nsul ator)

Qg plajeDere simyliwacously graviatedrie theelertrodes 4a
technol ogy. The SOT substrate 200 is a triple-layered,
facing therete bysekectragptatic force by varyiogrihessgleetric potentials
(activation layer) 200a and a second silicon |ayer

of sulis setat ef tlay etdctPOdds dhiodhther eombi tothwlactroslielsi  ém
oxidation film (BOX (Buried Oxide) |ayer) 220. Since
prééetexirdatdadri¥idgrellritasordmetalr (for iexauiple], several tens
characteristic, the first silicon |ayer 200a and the
voRIRYNSingilthaedukhy er 12 Oy laght gtgmhingalikor hsitligt ed
each other. A thickness of the first silicon |ayer

cé??@dréd%ﬁ%I‘pu%@@%l@@‘ésaoﬂ fé4cggg%ﬁ§aroﬁvaﬁfaﬁoﬁﬁ§,0 I Gexample,

icon | aye 00b i s Tabout As shown in F

aiétg ?%)Hligzﬂetd ﬁ%‘%oﬁ?@%ﬂ?ﬂ?@c’cf&ﬁes&i ?nﬁ the forces by

evice that a top tace thereor Is substantially

i I
CBENRR ot AR AR Ay BBl fephgh, oo ero
i r 1 conprises a noving plate 2 having
[@Qigfantially a rectangul ar shape in planar view and a

mrr ace 10 forne n a top face thereof, tw
i ngeln FinehodtiGRl. Ak ek B8Tae dRbES § ischdhgyred
ort.ions of the vin late 2 at an.end of .each. and
tCshapetheaRYIRg At 2 REHERF G OFORReAN T AE ARG oTCe,
2, a stationary franme (frane) 4 disposed to surraqund
foreexpm@lees thetnntllerrﬁoftﬁgeﬁ|aé@@ppla¢f§%%W§91a§5ﬁt§§m@ﬂes
end portions of the_ hinges 3, conb tooth el ectrodes 5
2n amcﬁ@a glertodicadly, zdectroatatta foxgest whiehachin glikgaions to
and el ectrodes 4a at a part of the stationary franme 4,
grandtateopmar stlter aragdneratet datvatdmbatly of tharelectragles 2a

shown in FIG 1(b), a space is forned bel ow the noving
apd dtag and thuk, tthe etevimogtatiatfeor@s acsapphetfede temdsughthe

the hinges 3 to be swingable with respect to 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.



16 stationary frame 4 around the hinges 3 serving as
the axis of swing notion while twisting the twin

hi nges 3. The twin hinges 3 are forned so that an axis
formed by them passes throughla center of gravity of
the noving plate 2 in planar view. A width di nension
of the hinges 3 is about several umto several tens
[eoy If]or exanpl e. Vol tage application areas such as
netalF filnms 10a and 10b are forned on a top face of

th td : ' , h
R A S R B g R
t t | e, d, qth b ircl I,
taks TeyehpPstirsiand mglined adhithg ndstale of réstdimida on

[ it dB the ik t hat gl ..
etk of 2 St b dFedf g g S formin in

tati f 4, le. [0042 As_ sh

b o ST sl ek 66 crseaot SN es
formed on the first silicon_|ayer 200a. The mrror )
araeldtven ffeom the state pireatcher deiving fiorgest ant ax dhgmeoving
and formed to reflect |ight beams incident to the top
platee2 an theedirooting smibstantiatlyoperpensii delar theit jand thus, the
plate 2 is fornmed substantially symretrical shape with

meeperplate 2 rptates speupdrdiechiraest D seheingoas tige pbtateor? axis.
and passing through the hinges 3, and configured to

Ssibisequentlyt wlyete pdstine b mhem@ﬁd%%ﬁb 2 becomidein

stationary frame 4 is configured of the first silicon

Pasiel Sk eyaghat) fom? 4 TCR Sk incpren,
eRRré QesRd A1 the edd@tbQ8auY ¢sdPBettly overlap each other in
side view, the driving forces of the comb tooth 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 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 a

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



17 so as to divide the first silicon |ayer 200a into
three regions which are electrically insulated each

ot her, for exanple. The trenches 101 are spaces forned
to be channel shapes comuniZating top end to bottom
end of the first silicon |ayer 200a to reach the
oxidation film 220. Since the trenches 101 are forned

on t fiqr j i 0, '
Sl 271 Lol o B8, i S 8 Rbohdfice
01 are formed at four places.so.th u . .

qihfroBisd s f epfaiaeECnniste ah il chefgoli) ohidgdy since
3 are electrically,insul ated f.rom other portions of

A BHnETr R UG of 5EF yRifAFes Y i tooth
divided into the two supportin ortions 4b which are
lesiredesd ¥1e RALLENIAIAPIHEAED YO T REd SA8C% 1o aRRY Do
potential as that of the_ noving plate(f and twaq
osafiguied hat whedriving velteggs aapApndtad an sispidabpvave
are fornmed on the top face thereof by formng the
formscloedt pody bsicaligheed thatctheseleotrie gedeatials pé the
first silicon |layer 200a, these portions are
ebtetrodes 2al and Aaudret earieddh apipesite phaseheachvotber. as
shown by adding patterns to respective portions in

[6080]2, the nmoving plate 2, the hinges 3 and the
stationary frane 4 are configured as three portions

el ect Hegalipyni sslllatiaccaehingthérror [I0Rdsthigh crasiiwerthy
el ectrodes” 2a of the conb tooth el ectrodes 5 are

HeRhUBE the sdsiseRnd aReprb¢ide®fin tddenpanboa withttheZase that

serving as free ends where the hinges 3 are not

n%oﬁ%?)gte‘?% '}@?ﬁﬂﬁ*&l“éd@! eri8d q%aﬁanar@gf&ggeéﬁbely show a

portrons o e stationary frane 4 facing the side end
A B i aheke in Ty sogty g Siopndy 6
Th f0ARAF sWtERvRRFO nB! A%hafRBA shidtk or the like is applied
from outside, the hinges 3 are rarely bent and it is in a state that gaps
are formed between the stoppers 6 and the moving plate 2, as shown
in FIG. 4(a). 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 diéplace in lateral direction (shown by black arrow in the
figure) from the hormal state while deforming the hinge 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



between the el ectrodes 2a and 4a are about 2umto 5um

[ 0045] The stoppers 6 are provided to restrain a
quantity of displacenent in a lateral direction of the
noving plate 2, that is, in9g direction substantially

per pendi cul ar to the axis of swi ng notion configured

by the hinges 3 and substantially in parallel with the
top face of the SOT substrate 200. As SE%WH in FI..G 2
staie totapiges Viemthe SHOPRRS 6 faayaats (el qibportion of the
stationary frame 4 on the first silicon |layer 200a and
reeessrde.r ude toward the noving plate 2 fromthe
stationary frame 4 and al ong the hinges 3 at both

[@05E} of the hinges 3. In this enbodi nent, recesses 2e
are fornmed in regions of the noving plate 2 where the

hi ngekn addittonptinetigdd soanasngairwbt esvmanufagtures byn

to depart fromthe stationary frane 4, that is, a
prkociseydisnfdll s g €of eraniplehe RirsgesS@I dubsirdter200 is
words, the hinges 3 are connected to inner end

foahbd Bis fofmine anesgikeforR €ilhon2edonna fitst sibiconglayleatx)0a

2. The 'stoppers 6 are forned so that front ends of

t t tly,
a%lE:d%Eziﬂﬁgfelg é’sé@%n&%‘fh@_@gﬂh?b? 2D thdreeat e bissemmamtly,

3 and the side end portions of the noving

s?%ﬁéni%iﬁﬁrmw%é ﬁ?&sﬁnﬁgeegla%e-z,me 1iheeRey,3he Rheionary

d to have predeter gaps between the hinges 3

B SR IR0D RIS A I R o rmed

movI ng In‘a norna mechani cal

oBBEITER SREbbeti st 205 Kb eae OIS SRt phoiem
SGETSh U H ARAD AR BRREID R BiBieireerppi
o bRl e IS SR DR B3 i

and . 19 t.he sfoppers 6 are configured.to.be the s
SeRRIng MiBGTehng udingomeRuTe Shaficaa R T meR e by
chanfers 6a formed to,be round shape gle grovi d at 1
ugbrg dhe bukk maEcTe; Waghining teghnalpgy: eveRSeAUGDILY, 8 meta
stoppers 6. In-addition, chanfers 2f forned ég be
filoursifermed anr & topofacecal the ysheiican layer 2002 £idheROI1
facing the stoppers 6. The stoppers 6 are forned sgQ
stbstratmp60hsingesputheringappthed ®rahe like. r drssigeer face 10
of the noving plate 2 beconme narrower than gaps
ivesmmed dﬂldl@h@@w'mgPﬁaterﬂd ankdevoitagespplidaticidireasohOa and
sticking prevention filns (not illustrated in the )
10buseceforndéd oo 1eg fasenslt tHeosmtndryefratmpdery pattering
facing the noving plate 2. The sticking prevention

dal r rovi ded by form ng DLC (D anond Li ke
ﬂﬁ:lgr oﬁ? ?lh?lm or SAM ( Sel f-assenbl ed Monol ayer) on the
[Qggélons of the stoppers 6 facing the noving plate 2,

or exanple. [0047]

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



Subsequently, notion of the Iight scanning mrror 1
which is configured as above is described. The nobving
plate 2 of the light scanning mirror 1 is driven when
the conb tooth el ectrodes 5 @enerate driving forces at
predetei m ned driving frequency. The conb tooth

el ectrodes 5 are driven by applying voltages having a

pr.edet er i ne riving freguency between the el ectrod
BiiGahiananta 220 uheDiheh s Shgnsy TSR G fanbved by
potential of the voltage appli aiion area 10a which .
RATEPTIBENE Hac Shehing PEQGGSS IsonbRelal the light SeaniiRg mirror
el ectrodes 4a_under a state that the voltage

lagprriccaanple heed poacessdposEaciaby blee suppuig phafe 2 becomes
portion 4b is connected to the ground electric )
appwemgablle state with raspedteiot thedstatipaasy framend\biyhbeing
plate 2 is at a reference electric potential, for )
paxatgd en theTstationasy diranteed éhesuglo tles hinges dvi dAdplumality
both end portions of the noving plate 2 are

ofi tie! i ghte scshyingr mMrtaseld are folmaed| ac tho 3631 gabstasind00 by
thereto by electrostatic force by varying the electric
pRebhT tid abevetmensidiedofir§theraess tto ales] proedsst heAfter the
conb tooth electrodes 5 to predeterm ned driving

tﬁhﬂc#)fdé‘esﬁ%lﬁﬂhkﬂit}( b? rth@?ii’%?ﬂ SoarifMerirrbesd fornied on the
y. 9

si mul t aneous In“this | scanning mrror 1, it is

S@PE?E&‘&E& %é“ﬁidi%ﬂﬁ?lé\jcﬁdtatﬁ?ﬁ OBé/rt%‘é%é%&Jie%rof processes, a

waver orms, Tor exanp are applied to the conb toot
1 o [AIYS. r toot h
PR EROCGE et Seahnif ity e p A A EH
i di A Gkt sc ' VLI i :
s Rt TP LR P Ble REfeplsae e Band b turing
el ectrostatd c faorce as.the driving. for
RRERTIRE e srliiBecmiprdi du' RSy ffie oRbufigiRLt
2a and 4a.peri.odically, electrostatic fprces . whi¢ch act ..
prAcarsescort Bt light SRanhing SHkeR T ikufor Raniga 4P thdse ind it
.bet we both aof the el ectrodes 2a d 4a,, and thus,
is pessitlgitpdag fermedhy: dasepragess nltrasaaignwa vePogess or
noving plate 2 in directjions_substanti al Ici/i,
the dilenh dinslitamayobe hermed ore dyopnene Innddigion.dhe 2.
In other words, a torque around the hinges 3 is )
pgesessingdf thet second shigcpn dager200btmeydreperfaymed prior to
forces, when driving voltages are applied to the conb
theprocessngrabide firft sihiaont fysr 2y0aar yi ng t he
el ectric potentials of the voltage application areas
[0083%nd 10b.

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



21 [0049] In such light scanning mrror 1, the
nmovi ng plate 2 does not take | evel posture and
inclines alittle in a state of rest due to occurrence
of internal stresses or the 2bke at the tine of
formng in many cases, generally. Therefore, when the
conb tooth electrodes 5 are driven fromthe state of

rest . the driving forces act ,on th Vi 1) I in
difectineSe engriosBleyei B Siradibsa it Bo Ak Fhlrdy," At
hus, the noving plate otates around {he hinges 3
thé§ Vi, S90PHBC, UORDEDH b6 B0t BB MPESam LTS
posture of the ving pl ate beconmes jn parallel wth
nassiklesio prevents Qﬂﬁ(a@ﬁ‘a@fz the ﬁmgt‘as tS&ltrgfsf- hafn @géltlon,
el ectrodes 2a and the el ectrodes 4a conpl etely overlap
sénct the moving plate Yiiswivetas byithedynees Gedt &% hakd to
conb tooth electrodes 5 are rel eased, so that the,
displavg inl atengituwhnahdaection of theawts bé swingt negiame
hinges 3 by inertia force thereof. \Wen the inertia
doarfeguredd byehetvinggsB.at hzrefor, aojwanttiabfdheect i on

becones equal to the restitution forces of the hinges

dspldteni@itadf thie Qﬁo?hﬁ%ﬁb&tb@ iplaatie-glane dhecdiorent parallel
stops. At this tinme, the conb tooth electrodes 5 are

withvee Reefdte @Pehé IFOIBYbSGar 20€ cansbarnrkstratedt at e
in the opposite direction by the restitution forces of

. R o h i
SUPSLANEAEY DRIy b bl A R 1RE St ORp S 2Ta (B8P It is
r j dr+ Ml g; 0

ST el AR S DitetodBe ot O Bir S St RectPEL T

' T t ' :
ABHGRn Sinsth T g 6 oFh SERbBIER By dbE TG YN 2Y in the

. nes as |l.ar as_a resghance frequ Q ' ion -
disBleRtenry B ISy EBIRVE. 5 S PURE oo Coneiftiste

22 and thg novin late 2.is configured tg,.he

stangarieri o mpbarPadBact oSS B et Sen SHES ¢ he

wi.ng angl e thereof.. Besides, since | i cati on. manner
TR e By CHRTRFIS 3 R ArEd Tk BRRFPHD SO that the
el ect rodgs 5 are not linmted to the above nti oned
pestiens Whichna cosaeigihesiderend pretigns\ohiis Breesges 26
are applied as sinusoidal wave forns,_ or i% may _be .
agenfatgaudeaten and pmdasks the ohwmetars Afsaks fomaed at side end
el ectrodes 2a and 4a are varied in_opposite phases
peationstdfethe f@EBES 2¢ 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.
[0054]

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



Her eupon, the |light scanning mrror 1 has high
crashwort hy because the stoppers 6 are provided in
conmparison with the case that no stopper 6 is
provided. FIGS. 4(a) and (b)28 espectively show a

regi on of the Ilght scanning mrror 1 in the vicinity
of the stoppers . I'n a normal state where no

nechani c shock or ;the like appl i ed ron1 t side
e crwlﬁ@%s H S P GOS0 hihe TE0455Es Ren of BERTORG
ormed between the pers_6 and the novi ng
eaﬁat‘@ i@ SRBRSTI0C w@cta(cgge repess Bessticlaag dredo
V|brat|ons or a mechani cal shock are/js applled to the
elegfrostatianfoneg hardigroccurs oand dhusdy, istprssadla yppeeand
2 may displace in |ateral direction (shown by bl ack
thatrﬂw moing piajaZeheconrestimemeoraide, surely wiitilée
deforming the hinge 3, as shown in FIG 4(b). Wen a
fartherioreopft ishmfﬁcsiphad:bmethe bepyers achptaviged, att $ides of
stopper 6 contacts the side end portion of the recess
tRe hisged Batot tee blbslpltihe sweEnl wiotidieoffalie Mot platei hbut
the direction is restrained, and thus, quantities of

telebataatt i fectsseHQ b NEIES nfo ViR dppite e witgr #RSBMbViAg

nore. In addition, the hinges 3 do not contact the

phdtenp ﬁﬁ§pl@tc‘é§ iiherhiehe tam d18e @i Gh ef}@ tHhﬁgb ﬁ%ﬁ)ﬁnlhg%&r tihe

normal 23 state to a tine en the stopper 6 contacts

sfdgg)e%%‘@@ fAdt %‘é&f%ﬁﬂe&’fadcﬁ?atr and %ﬁus[t@l%'slglght sca%mg!)g

It1on t scannin rror I's manuf &ct ur

F%%?l ‘g% ﬁ&ﬁﬁfﬁ’&ur%&g ﬁ{t% Casitt Stin gtaﬁ%u ar, since

rate ng an oxid 1 ONn
Cadper LR IS8 o o
RS B Pt B A
R 53 0B eSS SRR ARG b8 b S8
B S BT B S ol ety 1 i

d% each portlon of the Ilght scanning mrror 1
[ Lidi ng m nute shape can be fornmed easily by using

eb cro hi ni ng technol ogy. Subsequently, a

(éﬁﬁ 3jhkm§19dsmﬁ@|t d on a top face of the first

silicon |ayer 200a of the SO substrate 200 using

sput teubseuenthyda second ambkediment ofdhefpresend ingention is
formed on the noving plate 2 and voltage application
desarilsed.0a kel Ji6hoawsea fightestanmingtmprroadd of acberdance
stationary franme 4 by pattering this nmetal film
willDti second esubeduent. y Hereshafier,vélicefenis!dintitart frethose
stationary frane 4 is formed on the second silicon

in eheeabav8mbitionedefisstembdb dififerithachdddig ﬁaferdOb}z the same

machi ni ng technol ogy, simlarly (second process

re@éﬁéﬂd&nﬁﬁrktshﬁn@?‘(bﬂly ﬂ%‘pbtﬂlﬂhg%ﬁffe?eﬁﬁﬁfdiﬁ"fﬁ@ RS ﬁrst
e first sil

processing th con | ayer 200a and the second

erbbdfRkntaHe" d&MHbe & ITaS1i8ht SB8nning 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



24 oxidation film 220 other than the stationary frane
4 are renoved by perform ng the etching process from
bel ow the light scanning mrror 1, for exanple (third
process). Thereby, the noving7plate 2 becones a
swi ngabl e state with respect to the stationary frane 4
by being pivoted on the stationary frame 4 through the
inges 3. A plurality of the light_ scanning mrrors 1
fgmerdo%ﬁao@ﬁdﬁﬁ@vwd thpstatiararyogapie pde5pagiivaly at
above nentioned first process to third process. After
nasetions idistandasesh farphen o yhethinges Bi dran Sxeastoppgrs 6 at
mrrors 1 Thinned on the SOT substrate is individually
mth side p@yianseat thehingen . pr Otkesesnfigupttipas iafythef
the l'ight scanning mrrors 1 are nanufactured ]
mowing pheteu2? wndsa dondigutaticn pdske bightt scadenganarohe 1
manuf acturing cost of the light scanning mrrors 1.
dtaer desn théenowing ataty 2D arpragasae® tiodehef thehight
scanning mrror 1 are not limted to these, and it is

seeaAikg enireoPe inotHeefirby ehArRtinmcesFhisuliphasoanging
wave process or the like, and it may be fornmed one by

®itor 2N esldbki Iﬁ%ﬂu?@@ttﬁé@c@a%%l'y‘By%rﬁﬂﬁg%‘é%ﬁds‘ inediding
| ayer 200b may be perfornmed priof to the processing of

thB%Qfﬂtéétgngh%ﬂeg%’sibﬁxeﬂeﬁQﬂat-he.[ ﬁPs’iﬂincon lay®$ 200a by

nment i1 one , since the noving plate 2 displaces
: hi nges 3 can
e e Py K L R S B0B ool 1 oFh S
[Qgggﬁinent, it is possible to enhance crashworthy of
i ght scanning mrror 1. Since the stoppers 6 are

oS ARl sty Y

tati y f 4. it.i.S. | t
SERSRITE BHERRY aF enhebidiRSP R SaiP R st
coPEaTRE PO ans Mg ardetraatyeliiiFRpsed Apositings

the stoppers. 6 d ot contact the hinges, 3, it is

ngaEey i A élciﬁSeogﬁﬂe SHRPPeEaR 2581 4P thﬁehlmgﬁ@éts than the
surely. In addition, since the noving plate. 2 is

conbatteng protnsionagee. 3, Ast shewndnd? lg(&. a(aplitbeconfigured

| ongi tudi nal direction of the axis of swing notion
thangapsibetwiegntthe stoppess 6. aftéhefcontactangenotiusions 22e
the displacenent of the noving plate 2 in an in-plane

ade aelitti®narrower shaelgapist betvheert the Stogepers 6 had3holhinges 3
substrate 200 can be restrai ned substantially

isehelmirehd] stater oThdidditidie cianfas2XX ofnduhdshapetare

is possible to prevent the breakage of the hinges 3

fefhedldtvédthers A ééﬂ@ctﬁiﬁ??oﬁrﬁ@ioﬂs@@éra% theafifes of the

supported by the recesses 2e in the displacenent of

stdlspdRv4.ng Wh@heth% rﬂ&vihg o@%%é iZbﬁﬁglébé‘soﬁf'hi 1@l %ﬁlrection

stang structure for sup ting t stoppers 6 easily.
ag sl %ﬁ%?@@e 0 %Szﬁgi’%ﬁdr@oﬁﬁi@hsﬁééy"ftgﬁﬁfgé&ﬁtﬁﬁgng
pERfi SRR 2%, 5o Wi thrunpl S MAE 2T R RS nd B o
QGRS il DRSS ERTRSRS A B B BRI Pl
Therefore, it is hard to.concentrate the stress.t.o the
te GRbaBCe G errshavarthy Qe HePhsramnms MiREOR 2 dd NS

parti.on of the recess 2e, so that it js possible to .
epradimenl samtge t@ftﬁ@h?ﬁvcs\feogp@t@@ei#ﬂsi gabedimgnt. Since

plate 2.



[ 0054] Furthernore, the stoppers 6 and the side

end portions of the recesses 2e are at the sane

el ectric potential, and the sticking prevention filns

are formed on the portions o28the stoppers 6 which 26

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

Therefore, even when the stopper 6 contacts the recess
due to el ec tatic,for.ce hard oCcCurs,

e, ,sticking r
R F1SRDETS Priq BOos60atas ot passn TR dOSHal VPR ciit the

lafe 2 ones | vable, surely. Still furthernpre,
Hrefkags lﬂqﬁ%&rﬁmg%@urﬂa- st HhepStanpass bbb,
sides . of the hiinges 3 not tq block the swing notion of
coméacng yotrutiens e ateatcthe aame electepniestiab eren
the noving plate 2 when the noving plate 2 displaces,
wiren bee Istopper 6dtontectsoihie eontdeiingpsotriusiomg2ef stinking
stoppers 6 is not performed accurately, and thus, the
hairght oscunsiangd thus,oit 14 poasitide toamafntainrihe lightsdarsiing
easier. In particular, since the stoppers 6 can be

mioroed [ sinnmdarbdessate surelpie processes to formthe
stationary frane 4 by processing the first silicon
[06§€t 200a in this enbodi ment, proper gaps between the
stoppers 6 and the stationary frame 4 can be assured

(Thékd Evhbo&aakhy) manuf actured. [0055] (Second
Enbodi nent) Subsequently, a second enbodi nent of

the preseTtshsweH hggt iggalglﬁﬁgc bigfbr £1 Gn, ﬁéﬁgﬁwﬁcé with a

light scanning mrr cordance w e secon

R T L e R
o T RO SE R AP RIS o formed
o LhESp 0 feBbiR SR, e b Bl oF R 08,
SShb DY Pe R, iR S o e
fc?r?ngg tatr{ﬁse s%%rgo%‘%ltr{g 80?&8& lﬁ)‘ of %hg 2s‘cea’cion:f.lry 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.
[0058]



27 formed to protrude toward the stationary frane 4
respectively at positions distant nuch farther from
the hinges 3 than the stoppers 6 at both side portions
of the hinges 3. O her config@rations of the noving
plate 22 and a configuration of the |ight scanning
mrror 21 other than the noving plate 22 are simlar

toth f e li scanning mrror 1 in the firs
emboaitibre. Sta) and $Bh ST ely v Tehibaaf ghe iht
manufactured easjly by, form ng the shapes, jncludin
&Cﬁanb%ﬁlaﬁf%gl theViGiRity 0h the SIORDATS 4¢. <i1We o the

| ayer 200a by processing the bulk m cro nachinjng
quatasloprRfyusiaapséfe are respecisyehy disposed(ah) positions near to
respectively show a region of the |ight scanning .
thersides f the stoppersc#bingaref tolbedtingperthas. theeontaeting
contacting protrusions 22e are respectively di sposed

pabtussons dde. neAseshdwntineF Bod8&a)ofit isheosfigmped that gaps
near to the hinges 3 than the contacting protrusions

biaeehsthehstuppets BlGan8 (thk, cdritabtinggsotugienst4ves agandittle

bet ween the stoppers 6 and the contacting protrusions

2o WEE tBahiddpseh By EaeRe shawp &ans6 Radv@rNhidies 3 in the

stoppers 6 and the hinges 3 in the normal state. In

R dll RAte.CNTHAA Ferdd 4 Phnd QM FHBRFS L fe TOFARE @i the

corners of the contacting protrusions 22e at the sides
Pt E ORI 0 R A B B b PEr I e PHvBLE SEilar to
RSRLPRIR Sy RSt LRI b e
SO 6t P SOThRLR, DB Yo TiAd SR H3EE )
A OSTR L RPLITE Aot
RS, ol B e SR 14, s T i
pkgte & BERlcasate merdor SMEr&loreaibis DABSNRZO UsARY the
O s LI T
szzggnilrigg ggir?c():rag T ! iggthr{is rerrr(l)lgoc%ilmierqt rs?rﬁ?lglr ?ostth%t :bg\lfg (relllgritioned
first embodiment or the second embodiment. Since the stoppers 46
do not contact thé 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 44¢ 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.
[0059]
(Fourth Embodiment)

FIG. 9 shows a region of a light scanning mirror in the vicinity



[0057] (Third Enbodi nent) FIG 7 shows a |ight
scanning mrror 41 in accordance with a third
enbodi ment of the present invention. The |ight
scanning mrror 41 conprises3( noving plate 42 having
stoppers 46 forned along the hinges 3 replacing with
the noving plate 2 of the |ight scanning mrror 1. In
ition, contacting pyrotrusions 44e are_ forned at.the
& ODRGTH IO ITHASS a@petw%saipubﬁhambpﬁawna.ofﬁﬁ?@
contacting protrusions_ 44e are respectively fornmed to
peserimwaniiend dRehedorty epbedimententysiqandaguration of
bot h sides of the hinges 3 and distant farther from
thadightnsganBnghamrionds stmpleerte et offtheclaght gearningnmirror
of the light scanning mrror 42 other than the noving
Ipimtlee #stethbiddinent, sotthag desotipisgimos id#eomitted. In the
simlar to those of the light scanning mrror 1 in the
fourtdt eprotlinent, thdRtsppdshi 6 soanhicigconvexitiels6aarbe
manuf actured easily by form ng the shapes including
fbbm coaiengr o idled roplacithgt Wetle e BESpptersiB 66 Mdsichrnehet4e

on the first silicon |ayer 200a by ‘processing the bul k

Biic‘k'iﬁ?%?ébéﬁ’ti@% FemRNa oY mddP 05 s si¥Swn in thefiSare, the
2) Gnd (b)

S8( ) < b) respectively show a region of the [ ght
@ﬁ%&?ﬁ% Rigc! Pie frovideHN® Mreh %ggd/tc%tht é&i@ib?x%ﬁ?fﬁ@e
wo of the contact protrusions e are respectively

30030 RpoRREHEL S 08T oL ape3tcties 2 when
LU AR AR S el e

[ g @Tcting protrusions 44e are a little narrower than

Q 5 bet ween the stoppers 46 and the hinges 3 in the

nor nma ate. anf.ers 44f and chanfers 46a a f or.med
on ¢ hin b BT RS PRt Shiom BT RANY RS L Dp e et
respectively, simlar to .the chanfers f oy .t he. .

D ORI QNI HRPPRES Sfia eSS LG8 B DR Gle &%@}%S@%?nd
the light scanning mrror 1. As shown in EIG 8(%)
PREEAD: Yleth® T8 GRFSpi @ ceNIBCtdCOpLagiang jaFeas pPAarch other
direction, one of the stgppers 46 contacts the

besame smadlasr ot Fheredy, adtcctson ofalechestalic fgrgssdeetwieen
di spl aces no nore. Therefore, it is possible to

the steppen He amdetharteesssi2a hecamegesmallgndse shatnpeeiggence
the crashworthy of the Iight .
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.

[0061] -



scanning mrror 41 in this enbodinment simlar to the
above nentioned first enbodi nent or the second

enbodi ment. Since the stoppers 46 do not contact the
hinges 3, it is possible to revent the breakage of
the hinges 3 surely. Still furthernore, since the
chanfers 44f are fornmed on the contacting protrusions

16, | 4 adieon Bhabed RO E b B dRagovaI: Efctiment,

stoppers 46 or .the contacti protrusions 44e. [0059]
thequiesanEimentients nrqt@mgtegﬁméh@cpa gnagong qfj therabove
scanni ng mrror in the vici ng‘éo 30 of the stoppers 56
mentiosstldmbe dinecints, it danassebiso modifpintwasigies@nner in
invention. In the forth enbodinent, entire

thersicioger mot tmchangaehe mirposeamﬁﬁthegmnantmn i s Thienkight

to that of the light scanning mrror 1 in the first

seahadigenirrosts hbalimisdrioppnewhich tan swangtdredndl asingle
the fourth enbodi nent, the stoppers 56 to which

axa9usxddscetbabin dhi€ aboveet cart®rydymbedinepitacbogitwinaly be
the stoppers 6 to which the sticking prevention filmns

adbraxial phRbals t%ﬁ@mwmg tah@ dviflgr RanidEfraniv)ewin g%ﬁ)l%/
e

56c are prowd to formsaw tooth at positions of t

FaBRE0. £SRS A, Nt Rt Soupron b tefuc s
fBEARA isViwihg 1y B on 1RO ving 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
mirrof 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 a single 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,



In the fourth enbodi nment, 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 othg2 becone smaller.

Thereby, affection of electrostatic forces between the
st opper 56 and the recess 2e becones snaller, so that

occurrenc f sticking.can be preyented. In additi.on,
(Grarentherrcabngel heanigesa s enianes 4he craghuorthy
saw toot h shapes. The convexities 56c are preferﬁgiﬁ.
glotheelighs seansing apssomby fosmisgdhstsappest along the hinges
contacting portions too nuch when the stopper 56
adqmsitionstinesides exfsthpehingeis| which suppett die movisg plate.
preferable to formsticking prevention filns at
[00&62]i ons of the stoppers 56 contacting the side end
portions of the recesses 2e in the fourth enbodi ment,
so t hatilddavttrernoereptthe tprekémigirnaemtiom py rethieded to a light
surely. [0061] 31 In addition, in the first
seabadn genirrd e hakén§ eumtifroenfaeditoegtan Lipht, ek énts widely
invention is not Ilimted to the configurations of the
A vEabIeNb RS RIEDOFLERYeSthalt ta idwiAS lbtewachudi fy
N various manner 1n the scope not to change the

| | |4 ohitiHRAYFrBm Ty tini S
e N A N A A

. i . ened . s

KR 38 LR O 4 R (A Ber JENs, it s

PRSI by SO GERRI RO 6 9ol B picing

a mrror

sTApBER-alb A ML i A BoPRIOREUR B of Bl RERER -, "

b@géjoving frame and the mrror can be restrai ned by
[ Hng stoppers al ong hinges by which the noving

[ [ .voted. Simlarly, displacenent of the
(E?&ggﬁHEQE%VﬁEE s the noving plate with respect to the

novi ng frame can_be restrained by formng stqpper.

2l ong e empodiment o dhenresety st as described below
Furthernore, the |ight scanning mrror. may be
veishfrederancedio the figyiressi |I1‘Iébril%§dﬁls<ﬁ-r bt ang FEGnk? ghow an
plate instead of the SOT substrate, and driving forces
exanmspiengl a Hightos¢annipigamdrioay(thevil e strnetig)iio Fanogdence
acting between flat el ectrodes, electromagnetic
withahs,embedimesttri cti on forces or heatstriction

forces instead of the electrostatic forces acting
[0664gen conb tooth el ectrodes. Still furthernore, the
stoppers may not be formed integrally with the noving

pl at e Tdfe Iigﬁt keanRin@msirtér MoPrides I@Oﬁfﬁﬂ/iﬁ% plate 2 having

positions distant fromthe noving plate or the frane

sibstdntpA18Plaefectfn ﬁPeFrrsfﬂdg)et fieptisd PiesrRnld mirher face 10

nmoving plate. In any case, it is possible to restrain
ol S CATBIC BlorthE, 1 RepPlensubivy Bic hayeatvely
c%ﬂglretg?ecg95‘@%?3&1{1??@{*38{1%@% fovifig }Llh%? A BhA%
ror by forning the stoppers dlongthe hinges at
eﬁgﬁ:#ﬂg@ Eﬁg%@tﬂfgﬁggﬁﬁs bPSWInR9RRYEH G (RERR8YIng Dlate 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,



Still furthernore, the present invention is not
limted to a light scanning mrror having a mrror
face to scan light, and it is wdely applicable to a
noving structure that a novigg plate which is
configured sw ngable with respect to a stationary
frame by twin hinges is forned on a sem conduct or

substrate. I n other, words, jt is_possible to ance .
CORRBHROER KeProdae Sy ing §fﬁ%m<1ﬁ8e5wt BrRARt &?ﬁgle moving
stopgers al ong t he hi nges at@gositi ons in sides of the
Meteydand ebwirodes faratanpart oethg stationary framed, and
enbodi ment of the present invention is described bel ow
stdppersed doemed on tghanbivgtmg odateFR G A9shewm inkland2, a
FI G 12 show an exanple of a |ight scanning mrror )
spaveiisfostradcbeley the moving plate B ahdtthe reobomg phate. 2 1s
[ 0064] The light scanning mrror 1 conprises a

SUE‘piomm&t}ﬁt@gZh tlay hingg es1B Joans italbeyswingatilengitharespect to
shape in planar view and a mrror face 10 forned on a

theRtateRatPEFAAE.4 hrdinBithedEnge¥d sérvange asabreptisve v

connected to both end portions of the noving plate 2

sHH B mATH1P WIERE Qw@miingctﬁéttiv&iﬂt BirfesaXi S Tofe S Binges 3
notion of the noving pFate 2, a stationary frane

LT BRORRINE U e BReGhanyhghFcpnicr of
grB6itl 888% thovidd plate 2 in planar view. A width dimension of
the hinges 3 is about several um to several tens pm, for example.
Voltage application areas such as metal films 10a and 10b are formed
on a top face of the stationary frame 4. In addition, the shapes of the
moving plate 2 and the mirror face 10 are not limited to a rectangle,
and, it may be a circle or an oval, for example. The light scanning
mirror 1 is mounted on a circuit board B or the like so that a glass
substrate 110 is joined on a lower face of the stationary frame 4, for
example.

[0065]

As shown in FIG. 12, the moving plate 2 and the hinges 3 are
formed on a 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



conb tooth el ectrodes 5 having el ectrodes 2a at a part
of the noving plate 2 and el ectrodes 4a at a part of
the stationary frame 4, and stoppers 6 fornmed on the
noving plate 2. As shown in $4G 12, a space is forned
bel ow the noving plate 2, and the noving plate 2 is
supported through the hinges 3 so as to be sw ngabl e
wWith respect to the stationary frame 4 around the
ngges’.3 serving as the axis of swing notion while
twisting the twin hinges 3. The twin hinges 3 are
[0066dd so that an axis forned by them passes t hrough a
center of gravity of the novi pl ate i n planar
vi ew. Thenstatitondiryefrainns 4oifs G;GTEfg guragbef Bhe firabstlicon layer
several umto several tens um for exanple. Voltage
24, iarpvkfutéore dins @20 andnetedord bitkcdiDayerd2Q0b. ada this
formed on a top face of the stationary frane 4. In

caibbdi@ent, thencshep e 10ird fermed ioiothy staciohaapdirahe 4 so as
mnor facé 10 are not limted to a rectangle, and, it

08 vige Thé st §11%0ﬁ'1a8&ﬁ'200fa01&1t8>tﬁf’63 BortlbAs viliith are

scanni ng m nor Is nounted on a circuit board B or

SOl iy Psdiaftd %aahaétﬁe%%ﬂéﬁéﬁpléo Thd gheflegn0d are

e statlonary frame 4 for ~exanpl e.

Sgggég]ﬁ‘gnﬁerd] té)gs ar e (l):él'l;lgh on a ¥nlt r S I CO(EEI) %haS%O a
o oS oot sed A fééeﬂef@gfo%fdahteon fim
EreSiAE Bl QE%&%G g i Ryl i
1%?%228@& S0 TR (st oRY s SEBRE g Baty
I LS8R B 533%5% S5 BT HRENY e

scoflgur of _the first silicon |ayey. 200a,
O;fr’f Sxi2iabi 96 thial e rogledr 58 Bak6he SIRFCOMS Q%Poﬁédﬁ’

In this enbodi nent, trenches 101 are foinied op t.
respestovelyyconnesicd othe twen hinges 3taie elecetiically léléﬁlated
| ayer 200a into three portions which are electrlcally
fromuotherparsicmoefishe statiosatyrframe the Thenonesupporting
are spaces fornmed to be channel shapes comunicating a
pootioasdkb ave fobmedota bagplatedtia reigiens $acingoperigheries of
200a to reach the oxidation film 220. Since the

the enohiasg pldted? ether tiean ¢heywegionhetareshesslectrodes 2a are
| ayer 200a, entire of the stationary frane 4 is forned
f@fﬁqew akldesciibed Igfteghes 101 are formed at four
p05|t|ons at the sides of the two sets of the conb
[0067] el ectrodes 5 so that two supporting portions 4b
respectivel y connected to the twin hinges 3 are

el ect1j 4R § lj)' %ﬁﬁlﬁ% PR PR ROTG 1 Ofke Sfatidifary frame

st ati onary WO supporting portions 4b”are

RS i e
sg}necéfec%% Ftedtfal ¥ IR mSVindestt 2PlohAb&ed 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.



[ 0067] In this way, by formng the trenches 101,
the stationary frane 4 is divided into the two
supporting portions 4b which is to be at the sane
el ectric potential of the no§sng plate 2 connected to
the twin hinges 3 and to which a voltage application
area 10a is fornmed on a top face thereof and two
ortions which he el ectrpopdes.4a and to Whic
Slorcege appr it 0ninness thor i silerdayen2bbp, thesss
thereof 35 Since the trenches 101 divides the first
panticsnatesglectrigaly imsedatadoracbpther: e b etheri wards, as
i nsul ated each other. In other words, as shown by
shovvnpypaddimgpatterne spaespeetipopartionsiin @ 1 ithe he
noving plate 2, the hinges 3 and the stationary frane
mouieg poatici JutheihiygehBemd the statsominycfraimattiare configured
i nsul ated each other. [0068] The el ectrodes 2a
of thiee portionoeldcteicatty airdatecheach othed i n side end
portions of the noving plate 2 serving as free ends
[@{3618@ the hinges 3 are not connected, and the
el ectrodes 4a are forned in portions of the stationary

frame Thed akicterdde2ai sRtlRneo Ry tddthselettrodesourdiformed in
plate 2. The el ectrodes 2a and the el ectrodes 4a

si@s Rae hyiond 6YQh€%ﬁbV@1‘?§?léﬂPQ Rer a§ Frée ERES Wikdre the

the el ectrodes 2a and the ¢electrodes 4a is forned to

Iﬁﬁg&@ 3NDRY nbP EPﬁﬁ%t%{égﬂgaﬁcP B¢ 'éi’&&?o&%se MhaseMorhéPin
p I a sp

oSsible in Imte ace to provide the conb tooth

prfo sogfﬁheisﬁaﬁ?@ga@ffﬁr%?ﬁf é&%&lﬁ bRE' e SnePpitoidof the

ar e abo
moving plate 2. The electrodes 2a and the electrodes 4a respectively

have many comb tooth. Each comb teeth of the electrodes 2a and
the electrodes 4a is formed to be thinner for enabling to arrange them
as much as possible in a limited space to provide the comb tooth
electrodes 5. Gaps between the electrodes 2a and 4a are about 2um
to Sum.

[0069]

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 SOI substrate 200. As shown in FIG. 11, 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 protrud‘e at

four corners of the moving plate 2 positioned outside in arranging



The stoppers 6 are provided to restrain a quantity of

di spl acenent of the noving plate 2 in a | ateral

direction, that is, in a direction substantially

per pendi cular to an axis of ggM ng noti on configured by
the hinges 3 and substantially in parallel with the

top face of the SO substrate 200. As shown in FIG

11, the stoppers 6 are forned integrally with, the
ditsatian pfdhe coreh towsh faleetrodees ixtwvard e stgionany frame 4
this enmbodi ment, the stoppers 6 are forned to protrude
facirfgthe cornesponding weghang of the mevingphateibned he
outside in arranging 36 direction of the conb tooth
sedjeoensolase Formeat sb that Sioatt icordsrof themmenrftacthegstationary
correspondi ng regions of the noving plate 2. The
fsdrappendjdinatte §oppertisg poréionfsr4émofehdstafionheymfrenae 4.
to the stationary frane 4 adjoin the supporting

T siopperds afe foemedatdtomablodk treswinghrotibappetise 6

are formed not to block the swing notion of the noving

Rb e Bldte Riner ABtmal stReWoREre O Meehanicdlsheledels i s
applied to the light scanning mirror 1 from outside.

a}gﬁe%it QPR B ﬁglt%rc%nﬁ g 6H 1t Bobi Sluftside. t OMREGtdPBers 6

gi ons of ; supporting portions 4b of the .
o EonTTIned (rPFoduaE I6RaRe) U RFfisty O e i in
ppgfioB FPBE g TEEOHER, PERe"E pftaREed & BRLATGS With the
hir?g%f 3?%p§n?ﬁ§aﬁé%?é ﬁ%%t‘fi&ﬁ%%ﬁﬁi%? i#gfﬂst%éﬁ%t?@d%b‘f

. 6

bRt LR g2 e A BEe har rover ¢ han gape
Qﬁﬁ en the el ectrodes 2a and the stati onary frame 4
[ 8Eaps bet ween the el ectrodes 4a and the novi ng

plate 2. In addi{ian, stjcki revention filnms (po
i 11 uséSathwvinin ﬁi&f Lyuf §§nf§?@ Ragoraed fo fb@gﬁ%ﬂg& 8#1@6
the stoppers 6 facing the, noving plate 2. The %lt'hcki n
ape pveridashat cpreery @ thevidadtnof the frort ends obithgateppers
Li ke carbon) filmor SAM (Sel f-assenbl ed Monol ayer) on
6t heThegitoppens 6tare foromsbse that gapadatimsemothiensfoppers 6
2, for exanple. [0071]
and the supporting portions 4b become narrower than gaps between
the electrodes 2a and the stationary frame 4 and gaps between the
electrodes 4a and the moving plate 2. In addition, sticking
prevention films (not illustrated in the figures) are formed on regions
of the stoppers 6 facing the moving plate 2. The sticking prevention
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.
[0071]

Since the motion of the light scanning mirror 1 in accordance



37 with the fifth enbodi nent is equivalent to that of
the light scanning mrror 1 in accordance with the
first enbodi ment, description of it is omtted. In
addition, since the manufactgying processes of the
l'ight scanning mrror 1 in accordance with the fifth
enbodi nent is equivalent to those of the |ight

scanning mrror in accordance with the first )
\@ﬁgo@iengﬁﬂl, e@gwﬁmmow @quma?e@t nihatee tl}@f}@h} scanning
The light scanning mrror 1 in accordance wth the D
mimoh leithaecomstanaeawith ghe dirss ewhradiynoels sleseriphton of it is
stoppers 6 are provided in conparison with the case
arhittedo dnauiktion,isnpedhedadnuficdutihghovecsses @fi the light
of the light scanning mirror 1 in the vicinity of the
sshoppeg snirot N ia accomlarstcatvétimtes € ftto endoddiment is

shock or the like is applied to the |ight scanning

ouivelent toribmseus Stltelight dcanining heirsdal eint dedorgapse with
are formed between the stoppers and the supporting

tRerfii@RenBHdfRehRIdEsaistion 4t ittiBicmitte@, when

vi brations or a mechanical shock are/is applied to the
[QOQQ scanning mrror 1 fromoutside, the noving plate
_ nag di splace in a lateral direction (shown by arrow
i n theyd thg)scfdﬁﬁﬁé B&iroF T8in Eé@(fﬁ’anttc@%%ﬂlsthé net

di rection SubstantiaPly perpendicul’ar to the axis o

<o AR BBS BT SBEARY o gBeRibPLLR Aol ng

t he. hi nge 3, as .shown.in.the figure. en a guantit
popVidiud B cmBErSRR Bt v Sans Fif i S Bb ¢t Bf@roWided.

al direction becqne rger,.the stopper ..
RIGHT Ao Sire ancp Ldia NighT SEaRhS BHRLIT T (s vickaity of
4b, so thai the displacenment qf the noving .plate in
theStapPERS b on 1Nsa neSTal Hate Ve e i aﬁﬁb?@ ogtthe
the, 38 displacenent may not be increased no nore.. In
likesisaepphigditor the Hebppernping miates | thems pyésidggit is in the
g%rtion of the supporting portion 4b, the conb tooth
stitetthet gapstaredkarnzed detweencthiet stoppens 6sand ithe stpporting
frame 4 and the conmb tooth of the el ectrodes 4a do not
postivastdb hacimgytharepd at eAt thsttiame, wiser ombratoenhor a
el ectrodes 5 are protected. [0073] I n addi tion,
mdehdright skoekrarsgisnapplied toithertbght scdnnieg tyirror 1 from
processes as follows, for exanple. First, a SOT
osdigte; ahe n260ing pletear2dnby di@gfﬁd&girﬁal latdrddidirrtion (Bhown
220 on a first silicon |ayer 200a and attaching a

byesQod $ the Q‘Igl,:llleébgﬂ’ro%@ PRe e hedstaRpad @@,nﬂﬂr?/ direction

Shapes which wi e the noving plate 2, the hinges 3,

stiBSta iRl P @gg%?ﬁa?&ﬁaﬂ ’t?ttB@ ﬁﬂ%@ﬁgﬂfﬁ@% #56fiBHM P

and t he st s 6 are forned on silicon

sgﬁ%’tﬁarnt?ﬁg‘?ilmg?aﬁfel tvtf‘lf%h k g)gﬂcreaéﬁtlg%@(ﬁ’y s§Bstratd 2do

m cro I'ning tec y suc
vI5E ActbHRBEE L hiflecthect PR LS nE FEERR) Wl @ ©
bR I P bl aS R R  maNfE DIERE 2ot B 108
Ol T R D B gocion o
R R R

vol t age appl.ication areas,10a and 10b are fornmed aon. a

plats 2 ae dhefdireetiandsirestiajned aard dhng, the quanty aidhe

metal film



[0074] 39 machining technology, simlarly (second
process). Etching of the oxidation film220 is
performed after processing the first silicon |ayer
200a and the second silicon38yer 200b. A part of the
oxidation film 220 other than the stationary frame 4
is renoved by perform ng the etching process from

helow the Iight scanning mrror 1, for, exa e (third
diFRIGESTIENTRAY MY’ DERBCTRAFRAI TS 2 HE8 Bt ha
swi ngabl e state with respect to t stationary franme
KPR O §OopitISikSelineosi denen pé?ﬂl@ﬁaﬂfl;ﬁﬁ &%pqrtmg POFHONED,
hinges 3. A plurality of the |light scanning mrrors 1
the eoteh tedtloafithe edertrodes Paade o aitaphtis ptptigrary
above nentioned first process to third process. After
framethiand theommab, tomthl af tie ¢lectfodaseda dghnotscantachghe
mrrors 1 formed on the SOT substrate is individually

neoNinguplatBy so lthae tle coasb tbotir ekeetsmdcs & areyratéectedof
the I'ight scanning mrrors 1 are manufactured
[@()my}taneousl y, so that it is possible to decrease the
manuf acturing cost of the light scanning mrrors I. In

addi t jpaddifienene | BgitWdanaing 36Re6LY ©f mbhafhtwied by
scanning mrror 1 are not linited to these, and it is

pPOSEISRs eastﬂﬂh)@wfsg Eg?lélxgiéhﬂlé.se’]i?i%f’%ﬁ)l B4tA8e00 is

wave process or and it fay be formed one by
s gLy p ARG TR P00l W pcaSa Rt e a00a
SIS SR Y Sor0%y 2 Brson,, sy
R eGP0 6, SUE SRS g
f]%qr:}ﬁe |S4|t, gﬁ ec‘gcgrg n§| § tqrﬁ E}%@Pq?@e‘t’sgﬁ%éi {H]eesf:c{p%ser}w LPY £8fmed
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. Sub_sequently; a metal
film is formed on a top‘face of the first silicon layer 200a of the SOI
substrate 200 using sputtering method or the like. The mirror face
10 is formed on a top 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.
[0074]

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

formed on the second silicon layer 220b by processing the bulk micro



40 enhanced. In addition, since the noving plate 2 is

pi voted by the hinges 3, it is hard to displace in a

| ongi tudi nal direction of the axis of swi ng notion
configured by the hinges 3. Jherefore, a quantity of

t he di spl acenent of the noving plate 2 in an in-plane
direction in parallel with the top face of the SO
subhstrate 200 can be restraj ned substant, al .

e Bt CBRO sy i HIAH S§F65§é’rr908,ss)andh¥%§{g pf the
IS _possible to prevent the breakage of the gonb ﬁooth

oxi datipadekn 220 1 perfanmyed adtergerocessing shbdiconslayer
of round shape are formed on the stoppers_6 and, there

209 ananchthe sacendsalisonnlagies XHM.i oA partefthagxidatior film
stationary frame 4, so that it is hard to concentrate
28(r ettertthanth ecstatiaciryofrpong #desenfovdd bytpgiermisg the
and the stationary frame 4, and it is possible to
epclenenpradesstfireakbgbowfthenk ght sppenmgndrrdarhe, for example
stationary frame 4. [0076] Furthernore, the
(eHie@paosess)jandThbeelsy i@ tiovdnpgslateAshddomts thewingable
stationary frane 4 are at the sane electric potential,

sedid Wit ’lsbelt 6@ tl@é‘%‘l@ﬂibh@%fﬂdlﬁé Abe Beingegivwtetiiun the
regions of the stoppers 6 ich may contact the

sEAtRPRALY AAnheY! {138 grf]qbtheTHﬁigésf)B e KpHir of ilee light

st opper 6 contacts e supporting portion 4b, sticking

sgé‘ﬁnf@sﬁg‘f@l{sgﬁ b#¢ 6 ri¥dCon TRAER OI AbYirate 200 bg Yassifg

'S po prevent that the noving plate 2 becones
N T S TR
OBl DL PR NEA DAY 85600, Pfpypred on he SOI
S aLERRRLE aBafy LT o B PRl W eiPBemes ,
RUCHTTE B U T gh M e
' sﬁggltiatneiolsls %Ssiol that it l{fs %Cotsléglsl% to[ 8ggrgase 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.

[0075]
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



In addition, in the fifth enbodinment, it is possible
to prevent the occurrence of sticking by formng
convexities on the stoppers. FIG 14 shows an exanpl e
of the stopper having the coflvexities. Saw tooth
shaped convexities 16a are fornmed at a portion of the
st opper 16 which may contact the stationary frane 4

RiRBCEon 11 ACHHNQBSIACCAREBTARE JUAV &1 1F TGO RELD e

f.ormed aon.the stopper.16,. when the stopper 16 contacts.
hlngegt%atlrbﬁqgaﬁftpaﬁ%plecec%aiepgﬁgldi%gglr%% the axis
becone smaller. Thereb since affect el ectrostatic
T ELS BIQieR 1gm¢pﬁby the hingesre sﬁfm By 31UARILY
4 becones smaller, occurrence of sticking can be | .
ofrtheedisplacament @ftthermoviag phaiee? 18fan HePéaRe dxiectien 1n
16a are |limted to the saw tooth shapes. The .
pavallek ivtitle $he apafaseps Bt SO Iysuthmtnate 200 kandarrgieained
not to concentrate stresses to contacting portions
substarithall gtoopppieteby bynpmotiding ¢he stoppersr§, dndtleus).it is
Furthernore, it is preferable to form sticking

pssitsiet tiooprdvidmtsthet bipakiagersf tife tbmistauheelect®des 5
contacting the stationary frame 4 when the convexities

etfertivel yf orliedd ditidhetisd opefedsdoa oFf tdald seaps aenfermed
of sticking can be prevented surely. [0078] (Sixth

oERIs tHRHOrs B RAEANSRS hy nodadiilshie SHApEiARRE pirtiohe

present “invention is 42 gescri bed. G 15 shows a
LSRR PRy Fot SCEP AR AN Rt
sHSBSHINHE oontal R AOLTRHS oFiRoTADPBRE Gk iic fratRiiary
R Peif DL hPRERC 1 PrsbebimERTeaRasy phihe3iHhfre 6 or
558 aay sy ame 25 1 or med o surround the
[agylﬁgg plate 24, and two stoppers 26 respectively

d at substantially center areas of the free end
portig:ns of the npving plate 24, Al though.the

st at | SHAMETMAER the SEPRETS Band Hie SERPEEIREMArEons 4b of

whi ch are el ectrically insul ated each ot heri@iy %&I‘H] ng -
the stathesamoirampet sregt thrisgnre elastrc(mtentiass aRedhy

it should be 25) facing the stoppers 26 is not at the
stiaking ipeeventiopofibmsiate foymeathonothet regisnswiahe steppers 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



different fromthe first (SIC correctly, it should be
fifth) enbodi nent. Supporting portions 24b (SIC ‘

correctly, it should be 25b) of the stationary frame -
25 are disposed at regions t4l support the hinges 3 and
not placed at regions to face the noving plate 24. In

addition, regions of the stationary frame 4 (SIC

correctl i t. shoul d be 25 cing the st r y
ks ngethe FeS oS Tyt 0 ff Pttt BESk St Bus'h)
changi ng t he .arrangenent .of the trgnches 1(81 atmg .
sjoPPEke A3l Hhasiasin ATy Tammh4 CahBe asshred apdiit dnsastly
the |light scanning mrror 23 are simlar to that of
mh@ufafgﬁfeécanni ng mrror 1 inthe first (SIC
correctly, it should be fifth) enbodinent. This |ight
[80ddi ng mirror 23 can be manufactured easily by
formng the shapes that the stoppers 26 are provided

on t hdnrexdditipm|iatthe2f fibnemibe dinresit, 4G p®$81g&ht¢ pyeyent
200a by processing the bulk m cro machi ning

thecjuruiregyce p@8TiRjking by fésmhgwonivexities bingtlreestopipers.
conb tooth el ectrodes 5 are arranged al ong the end

FIG. ti4eEoofs ahexamypledoPtied stoifpathdbainly diedesnoéxities.
stoppers 25 forned at the substantially center

REY tbefs sAhpkAdivaskifiedsl G aid €orayd @ Pdpattodbf the
ot her words, the stoppers 26 are disposed in the

ther . \ | .
s‘gd)ﬁ;%é‘l‘ 1 EGV%ht?%h ‘nﬂfy %bﬂ%éct?tfhet ﬁﬁtl‘b‘i’fﬁ?gf?ﬁ’fﬂé £ eRéR ;@g@gléovmg

Imlar thefirst (SIC correttly, it shou
T
L I R C R e
R BRSSP PRy aPhl g
SR L I R LN ) o S
s%’ﬁﬁ‘éjr Tgae{)ned the s{aotwr?grya{"ra%?er elggccgrrﬂ%rses%flaller, 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
preferab‘ly 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.

[0078]
(Sixth Embodiment)

Subsequently, a sixth embodiment of the present invention is



[ 0080] In the sixth enbodi nent, even when:

vi brations or a nmechanical shock are/is applied from
out si de, one of the stoppers 26 contacts the

stationary frame 25, and thug, the noving plate 24

di spl aces no nore. Therefore, in this enbodinent, it

is possible to prevent the breakage of the conb tooth

el ectrodes 5 and to enhance the crashworthy of the
desgtibedcanilGigl fishoasys adighiscanning mmrer()éb’é/@l aeeardance
(SIC. correctly, it should be fifth) enbodi nent. Since |
witle theisikimgmbredienciton Heremadter, ebemedtosimter to those in
stoppers 26, sticking hardly occurs when the stopper

tR6 abd4 echifthaetnd ddimattatreoderignhtahby2he damadeferenos
since the chanfers 26a are forned on the stoppers 26,

mdrkisS apdsenly} ehé popriensdiffidrenbrieakabe afovdmesttonmest first
26 and the stationary frane 25. [0081] In

(gl’n%ggb?fbcﬂ}ﬂ it RRolld b BN ABOHIRRAL e doisetibed. The

I ment,” the present invention is not limted to

ligglgssl‘b‘é]ﬂféﬁl?% rrﬁ%x&@f??ﬁaé H%@Wﬁgﬁ&f@% Lz %lirfﬁ!]ﬂ $Hap&and

y in various Tnner properly in a
SSHERGP IR LIRS SHBBOR e R4 ena
ey BB 21 e O AR R oy 2, S e of
OB B SRd PP hOP Ble 70 Hndhed g
S e B30, R0 PR OB AR L 55,
Ry oL oG X L SRS B
s‘cee{tiegrtle{rgldter%rr?g 2 FSeI(E):r é’ér?‘éﬁ:ﬁ%; it[ gl?c?&l]d be 25) facing the stoppers
26 is not at the same electric potential as that of the stoppers 26,
different from the first (SIC: correctly, it should be fifth) embodiment.
Supporting portions 24b (SIC: correctly, it should be 25b) of the
stationary frame 25 are disposed at regions to support the hinges 3
and not placed at regions to face the moving plate 24. In addition,
regions of the stationary frame 4 (SIC: correctly, it should be 25)
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 23 are similar to that of the light scanning mirror 1 in
the first (SIC: correctly, it should be fifth) embodiment. This light

scanning mirror 23 can be manufactured easily by forming the shapes

that the stoppers 26 are provided on the moving plate 24 on the first



Furthernore, the light scanning mrror is not limted
to one which can swing around a single axis as
described in the above enbodi nents, but it may be a
bi axi al gi nbals type having 48 noving frane (frane)

swi ngably pivoted on a stationary frane, and a mrror
to which a mrror face is provided i s swi ngably

i.vot ed on e ;ooving franme, for;e IS
sBlideh TayehoDRE Y orE s BRI e B UCHEFR fraciuhdh ° ory
tclgl%h]&%lictrodes bet ween the noving frame and the
teelno y frame, a quantity of the displacement of

bhe EPvi ng plate 45 including the noving frame and
[PHé%i rror can be restrained and the conmb tooth

el ectrodes can, be protected. Simlarly, by fornmn

st oppérsshewnnia the iﬁrthfieeéh@ﬁO@bbrﬁO@@b?}?Cé %&Srn%)@gg
between the mirror and the noving franme, a quangbit of
affasrgetelang the endepoitions of the moxing platect4 a Qlt%tsédes
with respect to the noving frame can be restrained and
oftthecstopperolh fireved atiche substentpaldy senter, portions of the
Furthernore, the light scanning mirror nmay be
feaménds iofdhef movihgglate 24i con ethst wards otheastoppeirs 26 are
plate instead of the SO substrate. Still furthernore,
difigossbhpehe vivinities dfetieosided o ftlegeatabytosthielebtrodes S.
noving plate or the frame, and it may be di sposed at

Spefildr e ¢lifabaisICr eoridutlyrayishoupd dieefifth) tembbddament, the
if it enables to restrain the displacenent of the

! | : e al ! 95 gid
smcﬁ?s% A€ fotmdd s thas ngﬂos toitheReaabRhey farhedY an

acenent of the ng plate in tHe | ateral

tﬁi{:x‘he é%'ﬁttf&a&ﬁ%‘(ﬁ tHﬁFgQR?@@%eﬁfth'éh@leéﬁ@@le%% Bf the
el'ectro

rodes and to enhance~the crashworthy of the Iight

C@ﬁ??ﬁ??ﬁﬂlegl%%‘ﬁ?ﬁés 200 Plie shRISHERN et 23 OF gapp potween
: . : 0

59 108 B85 32604 B 4O IEE plite 203 BE drmal K. In
li,m.t ed t.0.the |ight,. ' ' ' j
aflgiliofiosikin pgh?iﬁgﬁﬁaﬁfﬁa@%ﬁ l@&%&c&ﬁ%ﬁﬁ%&%ﬁ@iﬂﬁim
ST TR ST BCU e ALt ARy HEEpee£3 i naBis 3fa
fra by twin_hinges is forned on sem conduct or
reupdishape anefQmed algiggers thereafossi bl e to enhance
the crashworthy of the noving structure by providing

[08804t oppers in the vicinities of the comb tooth

el ectrodes 46 . ) ) .
In the sixth embodiment, even when vibrations or a mechanical

shock are/is applied from outside, one of the stoppers 26 contacts the
stationary frame 25, and thus, the moving plate 24 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 23 similar to the above first (SIC: correctly, it
should be fifth) embodiment. Since the sticking prevention films are

formed on the stoppers 26, sticking hardly occurs when the stopper 26



bet ween the noving plate and the franme. [0084]
(Sevent h Enbodi nent) A sevent h enbodi nent of the
present invention is described below with reference to
figures. FIG 16, FIGS. 17(a)4 and (b) and FIG 18 show
an exanple of a light scanning mrror (sem conductor
nmechani cal structure) in accordance with the seventh

enbodi nent . [.0085] irst, .configuration, of the
COREHS dBErHAHENATY ferme S s Tnafiifigas shes o ghamiers 26a
FIG 16, the |ight scapping mrroy. 301 has a

ate FOLDed.RR She SHORPSTOLOhilcs Pess ke fypreenirthg breakage

triple-layered SO (Silicon on Insulator) substrate (a

of éhe séapperso26 auskthes@tionorycbagiedng of a first
silicon | ayer (activated |ayer) 200a and a second
[8081¢on | ayer (substrate layer) 200b having electric
conductivity which are joined via a silicon oxidation

fil m [B@ddiftonj ad tioeififth émbedimen0 ansithessixble embodiment,
oxidation film 220 has electric insulation

tledh presdrer instantiont fendt dighiteld foctire teyfgupddansiod theabove
second silicon |layer 200b are electrically insul ated

caasddioh&ers, afdiitiispmwsible td heodify 3h wairidwpmdmyarproperly
200a i s about 3012m and a thickness of the second

i lal dCofe hay &6 cﬁﬁﬂgeitﬁ ost08P e Invadibhi orFomexample,
oxi dation film220b is Tormed on a part of a top face

t%ff%&%QreﬁY&Sﬁhﬂ@d 28% férr%éd:iih’télgrhg #atH th&htoving

shown in FIG 17(a), t g anning mrror
S T g L R
o5 5HEL B e BAORHe e P ORISR Bk
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.
[0082]

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 a mirror face is provided is swingably pivoted on the moving
frame, for example. 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



substrate (protection substrate) 310 joined to a top
face of the first silicon |ayer 200a, a | ower
protection substrate (protection substrate) 320 joi ned
to a bottomface of the secofd silicon |ayer 200b, and
so on. [0086] As shown in FIG 16, the

sem conduct or unit 300 conprises a noving plate 21

.hayi suybst ant.i al a regtangular s ' -anar

Db heats Wtiog triel 56088 on 4Ry HyRyE¥ and the
t heyeof, a. novi frame 35 forned to b .
coiBbaeth SFGTo a8k SAGUre PRIty Eenant T iady by faaming

peri pheries of the noving plate 21, and a,stationary .
stopRersy the weiniges @'fjr(&.mg tooth %ﬁr@ge%fbe%W&eH%PrF&“mr
frame 35 and to serve as side_peripheries %f t he, | ilght
agchthe mpwing Gansn1a queatitpaindisplagement ghdhe pairro
stationary franme 36 are coupled by bean shaped tw n
seirvatg hb mgesmestm@ ipbateawdtlf oespacttodiet MO Ven g dr3meAn be
of the stationary frames 36 facing each other to cross
restmimdd aadghe ¢ombhodthcelectmdesroan he protested. by
arranged each other. On the other hand, the novi ng )
Miaherdbrenthd ighteeanging anierSSnerebe mepifegutey obarmingle
shaped twi n second hinges 32 which are fornmed to serve

silcaN substrat¥ cif 4 aneed plachimstbed ofithe SIOTsubistrate.  Still
crossing a longitudinal direction of the first hinges

fﬁ%t}?érn{é@jtthe@gbgggfgéﬂﬁﬁy hot bR fgased in@pdall ey ibcdied

hi nges 32°are fo so‘that the axes fornmed by them

rﬁ?%lf‘nné E)lﬁgﬂr#gé‘r th¢ %ﬁr@?agﬁdg% %ﬁé&}bé’ﬁisﬁ&gzﬁ?ﬂﬁ&iﬁb@s&ﬁstant

I Mensi ons I rst

ARERE: PR b PEp SRR i BRSRBSIo Al chbovt
GUBDRESE Y e ARSI RS P OB PPl 5
CADISS B8 GRSBIBCREHER, BEARE o e BRI qfBetion,
e B kel T o TR Rl IR gnce

serving as an axis of the swng notion. Jn oth
thercreShiorthy o1 theHi SBE SFRRE SIHFT BY fj,ormﬁlég B figrpers
plate 21 and the noving frame 35 cgnsigitute a, novi Qg
ip|theevisinitiescol ke spmapappth wle¢irpdepbetwesnithe moving
stationary frame 36 around the axis configured by the
rlatsandithgefagies Suwounding ipl ate 21 is configured to
be two-di nensionally sw ngabl e around two axes of the
[0083] notions respectively configured by the first
hinges 31 and the second hinges 32. As shown in FIG
17(b) Still fupherhiog, nhelpresent wvedtios i dotddmited tethe
nmoving frame 35 so as to be swingable integrally with
H%}@t seMidia gl marfrIpaving Meouniidas favet foesbad lightf and ibfis
the nmoving franme 35. In addition, three through-hole

' ledtea 96 hatehwhich is
vgggk{l?o%rpﬁscﬁlgz@ %gﬂo?_fbﬁ?%isgﬂ;%tg?? ta | ongi t udi gal
c@ﬂﬁéﬁfﬁ‘t&gwﬁﬁgaﬁ% %gh qb?ﬁ@ét R2thS sttld®fty frame by twin

-direction, a Pongitudina

direction of thé first

IbBES s TorRe Oh Chermeghageldonditter, 4y §RdCRords, itis
fitRls f'afashie bk dtaehReptbi s H%iRRRET Gke v
o3 Riatachs sttt il VEsiRe g A todh JRkbGes

l'ight -scanning mrror 301 swings the noving plate 21
by el ectrostatic forces as driving forces, for
exanple. In the sem conductor unit 300, first conb
tooth electrodes 7 are forned at



49 regions between the noving frame 35 and the
stationary frane 36 where the first hinges 31 are not
fornmed, and second conb tooth el ectrodes 8 are forned
at regions between the novi p pl ate 21 and the noving
frame 35 where the second hinges 32 are not forned.
The first conb tooth electrodes 7 are configured so

el Blor L O oL ARl ot {0 i ng e 35

[QbB§ antially perpendicular to the X-direction are
ged to engage el ectrodes 4a respectively forned

t positions.on the stationary frame 36 facing the
(Sﬁgépﬁ%ﬁﬁggééunf second comb tooth el ectrodes 8 are
configqured so that el ectrogdes 2a respectively. fornme
to be A srtenGosmbgHREN Ok (e Bresert a@¥§nHPnt1ﬁé?¢ﬁ%ﬂ?ﬁji
plate 21 substantially perpendicular_to the
belaw %t]h mwicaercate figeest o BHgade, EIEs: rlodes and (b) and
respectively forned to be conb tooth shape at

65118 sheworn example aa fliglnes eBtiag mgrrond seméeonduetor
2a. In the first conb tooth electrodes 7 and the
msechand cebstructatd) il @etorddacesyithaihe sestendbrembodiment.
el ectrodes 3b and 4a, and gaps between the el ectrodes

f@e8&hd 3a are configured to be from2mto 51.1m for
exanple. The first conb tooth electrodes 7 and the

secon#iGond coadiguitrat b6dke lﬁ%mesftmﬁﬁﬁgerhﬁcrbr Gtlaig c
forces acting in a direction of gravitation each other

destribed. t hes ghecifi 9Bl (Bl GntheAB ght seheeinadsrde3@hdas a

3a when applyi ng voltages between the el ectrodes 3b

seffl c8AdaEtdH @&t TOF WIERhARL Refi ﬁ‘{g%s%g 8F a triple-TdRered SOI

noving plate 21, the noving fra , the stationary

(§£1 oen g?eﬁizbéﬁééfbstg Bu¥stralt O TRE R RIREESS s08s@2teIT00
consisting of a first silicon layer (activated layer) 200a and a second
silicon layer (substrate layer) 200b having electric conductivity 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
200D 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. In addition, an oxidation film
2200 is formed on a part of a top face of the SOI substrate 200 (it is
illustrated in FIG. 18). As shown in FIG. 17(a), the light scanning
mirror 301 is a rectangular solid device that top face is substantially

square or substantially rectangular of about several mm in planar view,

and configured by the semiconductor unit 300, an upper protection



with mcro machining technol ogy, which will be nention
| ater. Each portion of the sem conductor unit 300

i ncludi ng each | ayer of the SO substrate 200 will be
descri bed bel ow. [0089] 47 The noving plate 21 and
the nmoving frame 35 are formed on a first silicon

| ayer 200a. The mrror face 20 is a thin fil m of

alum num for exanple, and rrmed on a top.face.qf e
SHBSLHRGC dpBeechton §u13§§‘1'?~€f‘5t3 Iﬁ? JRINeLENE topcfaseref ﬁ}%tﬁﬂ‘st
Qutside. The noving plate 21 is fornmed substantially
stlienatleyea0fas 1 lasxpeprotestiopsupatratec(protepiiansubstrate)
£as$i_ng t he second hinges 32 (a plane in parallel wth
20 j pingdeto, a hrodtewnfaogue Ethe seogndiséliaenager RE0be 88850
hi nges 32, snmoothly. As shown in FIG 18, trenches
dmMla, which communicate froma top end to a bottom end
of the first silicon |ayer 200a and constitute

[0086Je- shaped spaces reaching to an oxidation film

220, are fornmed on the first silicon |ayer 200a. By

f or m s shewty BnENEL 1H)1he seheigondutdof uaie3066 domprises a
divided into five regions of a region which is

Iﬁ_@ﬂﬂ?%%ﬁ@ket D] taifl Substintisllyhd peqandlanshapd e9plaesr
W th b

e el ectrodes 3a and 3b; a regi on consi'sting of

VidRr Phd Y MABrROfACe0Pd (BEmedl 61 aSHgPPéV%e i cegcanfoving
h e

inges 21 and a pivoting portion i ch is connected
IS T Herd USSR i 00034
bl BEaiP AT BE BT EAR PEabg SRRy frme
SRR Bl ot B ARG, g o .18 RS
GO RSB RS e ) S R P | " i
nrfg\gf}ﬁcg | {e{rilg SISO Egﬁdthe stationary frame 36 are coupled by bean
shaped twin first hinges 31 which are formed from two side faces of
the stationary frames 36 facing each other to cross at right angle to
the faces to serve as an axis by arranged each other. On the other
hand, the moving plate 21 and the moving frame 35 are coupled by
beam shaped twin second hinges 32 which are formed to serve as an
axis by arranged each other in a direction crossing a longitudinal
direction of the first hinges 31 at right angle. The first hinges 31
and the second hinges 32 are formed so that the axes formed by them
pass through a center of gravity of the moving plate 21 in planar view.
Width dimensions of the first hinges 31 and the second hinges are

respectively about Spm and 30um, for example. The moving plate

21 is supported by the moving frame 35 to be swingable with respect



[ 0090] The supporting nmenber 9 is configured of
the oxidation film 220 and a second silicon |ayer 200b
bel ow the nmoving frane 35 (z-direction). The five
regions of the noving frame di vided by the trenches
101la are joined with the supporting nmenber 9. In other
wor ds, the supporting nmenber 9 is fornmed bel ow t he
regions of the noving frame 35 where the trenches 10la
tarthef movedgviraine Beiarguindi thedsadantd hhegesi 33 sesvinigcanan

| ayer 200a. In this way, the noving franme 35 and the .
asdip et thiengw iregripestiOnar eDaahti gihiee danal, hhe snowgebfmme 35 is
integrally around the first hinges 31 as the axis of
supporreddynidic stationargi fitane 36eofbey swirgalbleswoth tdspect to
supporting nmenber 9. Xs shown in FIG 1%(b), t he o

th@%@ﬁbhﬁ? l'i?é,’fﬁ@r’a‘@ arSuh@rtABYifstHinkas 3 §ervidRg as an axis

subst anti y synmetrical with respect to the first

J¥ 1h@eswide ioRbANA VOB WoPYeln tHIS 18H fimmhgthtrror

bottom facte of the noving framgd 35 except the

3? lt%%%oﬂ%%iﬁg f;ﬁ?ﬁeeﬁ ? éag;id‘o ;ﬁﬁ§ ﬁ?ﬁﬁﬂjaﬁ@gﬁ doh@aghité iaon,

hi'ckness ( upporting menmber 9

SRR, SRR RO A0S g
R N T T
o8y 14 SRR Fondiar e BE MRS Rl srdpacore
- fipRRAO RGP fene THhadeRoRS TERRCETENSHRetaBuReA Y the

he novi ng frape, 35 are provi ded at posjtions wth
ft@ﬁ&é’é@g%%ﬂea%@ bae secrad Bingpsmd ri éul SHPTR %ﬁﬁ&@cﬁﬁa), a
t he perpendi cul ar plane,passiq% the first 2 hi S
sgppostingonebet He whichrisiipgned 4o dhe mevimg feagpe I so as to
center of gravity of the noving plate 50 including the
beupwongablg insegeslly withshampsing feamedd Hes miovidedeon the
axis of the swing notion consisting of the first
bottayasfage ohthd areving Bame 35t haln additeaw, thyeplthreugh-hole
i ncl uding the supporting nmenber 9 is configured to
conineg timnoarehst Hed f 1 0stand hOEard fosmedtdri yhestationary frame
perform scanning by the [ight scanning mrror 301
3. opEidr¥indffefddidigituding diréctkoros the sdvendohiriges 32 is
t he supporting nenber 9 consisting of the second
callledeRnd] re¥ o n? G0k i Yu 8fh Al AliFBEt bR I0T®E ffsttiinglesr31 is
than the thickness of the portion of the stationary
S i - :
cphgEy direetivhhhlth BlrdctiP BERth bl ot Uiy AL dEAion

i's conflgured by

S RETR O O RO RERe o
P ARSI BIAG T i Bt 20 i By Vifig iRt 35 is ot
18 Gea 760 GTheat e RS, D€ TE6H PhfrS S0 d0F argraple.
ébgéility of_regions,_sinilar to the trenches_lQla.
[ the oxidation film 220 and the second silicon

| ayer 200 re joined below,fhe fjrst _silicaon |ayer
200a Ji)@ ﬁggt B¢ @maHLE MIGIG é@é singsdthenmotip g pate 21 by

first silicon layer 200a, entire of the stationary

elecirestbia Borces meadrivirgdaress, fogeszmple. In the

semiconductor unit 300, first comb tooth electrodes 7 are formed at



53 each other and becone substantially the sane
el ectric potentials as those of the through-hole
connection areas 10d, 10e and 10f. Anobng these areas,
an area to be the sane el ect49c potential as the
t hr ough- hol e connection area 10d has the pivoting
portion 4d which supports one of the regions connected
to.the,pivoti portions. 3e of _.th ving fra 35
reRid B PR R RO TR Mot SIS HAHABEEY g Beesd
10d. The t hrough-hgl e connegtion _area 10d and the
Vﬁﬁ@m they ﬁtaéF Bsena e Rnfriened, #yd aeeandgomb dooth
qortion 4e which is formed narrower by formng. the
aleetrodss 31819 formed dditeganns bgswieeiths MAVERS Plateo band
substantially the same electric %Qtential as that of
theemoning gramel 5 sdmrecthicosecond hingeha2 arpaqli fosmed;
ortion 4f which supports the other of the first
1 dst somiheothegiastrodéch dre ¢anfbgumdbse dmati eldcyrades 3b
same electric potential as that of the through-hole
respeetivebnfermed 16tbé sontte toedi shapé onhevesade taees/of the
frame 36 except the above nentioned two regions to be

hbeisgfrarabeds subspatrily pegpeadididset®@thé Medirection are
t hr ough- hol e connection areas 10d and 10e, and the

aet é@@'@%n‘g@{g%réieé%m%@ 44 rédpéctivdiyodrnld08B8positions on

In this way, three regions are provided on the first
1 4 . heg.
D B o auan - ad comb

téﬁggt%gén t?(ga?% g?ahl%oébﬂﬁggxféﬁrﬁg 3¢ e?%\%}t??%{ess ZEQCEE?ctoiyely

e sane ectric po as t

DS, HE R P L RO AL 51 B mgying plet
S IR SR L
Rt s R ared o M b Ry shape o
AN Y RELE S E A L

El ectric potentials_of the_ through-hole connection
fustgombgootinelegizpdes 7and e saperd foosnb daeth géectrodes 8,
which will be described |ater, and the first conb
gapsthetaress thlelectrades Bhangkdenandgrps beteen the

el ectrodes 8 are driven by varying the electric
epetteadenla aid Bheare ecdnigyhed db dbectnome Grinorioayeas food,
10e and 10f so that the |ight scanning mrror 301 can
ekantlevenTherfiot hembaodsh electrbidss @ndedithesecontdecomb
three regions of the first silicon |ayer 200a

toedpetddtvedes Bngdrnethtd eldigrdsvacienforoel actimpnectidinection of

areas 10d, 10e and 10f and electrically insul ated each

gPAVRAtIOANGAdH BilecvBéthiden #Redl6efrbaBs 3beaed Ua @PBlectrodes
voltages to the first conb tooth electrodes 7 and the

2894103 2GRkt flg'ti%%%ﬁ%egszbgtwfzéh fHdicldQPodéd 8% and 4a or

three regil ons application areas are

e?%gfé&ég@ §§“{§§“'ated by insulation areas including

renc a and 101b, gaps between the noving
[Qgggﬁ 21 and the noving frame 35 and gaps between the
rhg franme 35 and the stationary franme 36 fornmed on

the fﬂsetms()'\flihg% aJ(eaﬁE RS %C)V[I?go %‘A'zlme 35, the stationary

frame 36 and so on are formed by processing an SOI substrate 200



The upper protection substrate 310 and the | ower
protection substrate 320 are respectively joined to
the top face of the first silicon layer 200a and the
bottom face of the second sid30 con | ayer 200b of the
stationary frame 36. The upper protection substrate
310 has a joint portion 311 which is joined to the

stationary franme 3 a light transm.ssion rti 12

PR Banid sb TR hes i oRbardh e, Wil e Medion Bller *Bach
t hrough-hol es 313 r.espectivel y. for at posjition
p&ﬁm@sﬁéﬁa«?ﬁameomgc %Bﬁ&ri(mlﬂéc P8 GeBriayeedd the SOI
10d, 10e and 10f. As sho in FIG 18, the |ight
sub&ﬁ@ﬁeg&%mﬂld?@ descrbg O¥.cavity structure, and a
recess 312a which is graved fromthe bottom face side,
[0080]i s, the seniconductor unit 300 side is formed so

as not to block the swing notion of the noving plate

50. Tuthesmuppagsplatpdr asd shpeneyimy fraame 3fSoamagorcmed ona

the recess 312a. The through-holes 313 are forned so

. filsatsiliben tayern@bohol Efhemator dacaldas althin fitm @ihd
10f are exposed on the top face in a state that the

alppgnupt, oflopcdxiaanpelasid d6em3dQn 2 topi faeed ¢ Othdmoving plate

sem conductor unit 300. In other words, the

- 2ihgprefedolighit BEanse i dast FEn@! dafsidd eldw ardagislate 21

apply voltages to the through-hol e connection areas

i%%@rpﬁ@%xﬁﬁ@a&ﬁﬁllgﬁ%&ﬁﬁlét@iéﬂ apith ﬂe@gé@tpid’ a?r?gb%gg&ﬁlﬁr

rough-hol e nection areas 10d, 10e

PIge PSS 05t ind MinbEE B2 bl BT RSEANE KA Y0k blanc),
o eSS IS r iy Pl Y RhE WipGes s g0ty
A5 SR ACELE! 380 raaln! R R RiER ot AT Frpg o tor
BIGErdotitnadft o e it BEaR IR 200 dad Sonspipure,
SRRV R PRI S5 GG 1DE gPrist PR PR ATh g CaF dogped
O B8t O 50 0% ambssaBoHRUNE o ONLIeDT [ o the

recess _312a _above. t.he regi ons of the vi ng. frame. 35.
MRS R P o Mednided IATe o Jagians 0B3 rogion Whichis
connected to one of the first hinges 31 and integrated with the
electrodes 3a and 3b, a region consisting of two pivoting portions 3¢
which support the second hinges 21 and a pivoting portion 3e which
is connected to the pivoting portions 3¢ via a conductive portion 3d
and pivoted by the other of the first hinges 31, and three balancing
regions 3f formed to be point symmetrical to the conductive portion
3d with respect to a center of the moving plate 21. Since the
trenches 101a divide the first silicon layer 200a, these five regions are

electrically insulated each other. In addition, the balancing regions



respectively connected. In other words, the two
stoppers 315 are respectively provided on the recess
312a to protrude toward the center axis of the sw ng
notion of the noving plate 591 The stoppers 315 are
formed so that the noving plate 50 does not approach
to the first hinges 31 not to contact the first hinges
ﬁ?.mhen it displacgéf I@'other words, as shown in FIG
A Rt BPEGHETLYRHE™EE: of fset to the moving plate 50
big&ﬁrdly) fromthe first hinges 31 so as not to
[§9 ap the first hinges 31 in planar view Thereby,
t he stgppers 315 never contact the first. hinges, 31.
Ther efldtesupportingdusmhes 9 és gpadigrednd @%&Hd@%&ﬂ film
br eakage of the first hinges 31 by contactjng_.the
2Xbandras seamnd silisendayer 200hebelasy the aemingnamase
50. In addition, the stoppers 315 are arranged at,
(aedigedon). t Htherfinategivase Dthemadngdrams b sikidekby
swing notion of the noving plate 21 (not to overl ap
thedremchewy] fl atarejdined pridhahevwuppartidgr memied9. ofln other
the stoppers 315 serve as contacting portions which
veards; aheauppidrei ngpuiergbpt tis fimédbetdw thovieggops atfdhe
50 displaces in the z-direction. Since the moving
b ales Zdaraed 3 hehereviheorphehes 30 lar &redforwesd wiltibe beimg
angl es about 10 degrees, for exanple, the stoppers 315

jelted wrifkdhesighapksohnagen20dear at I‘rpﬂqiww&?r,atmcgming
where the noving plate 21 and the noving plate 50

158! 35 anidntHeNgu SYb it 52k édBer P hr&¥8RPgred ttol e swingable

ornmed that di lons”in the_x-dlrectlon are to be
: : [ [ :
40 i) ACTALALEDN, S e e iag e6rion

IR R R SR, A8 s
ié@%?fj@bg; ﬁ%%‘S?@Bﬁ%@g%ésgﬂf%@@é*%tfgg@a?tdt osH R e
sEBgf@%lzh&%qﬁﬁgﬁfﬁﬁﬁ AewRty @”ﬁei’f@%t:ﬁgﬁéﬁh%“h%nar
ition, | ' i, di .
B ERESGBLh oo o b S b BB A ARyg frame 35
RSk Satgrbles 33 AR R B alY DS b BB
the direction perpendicular to the sen caopductor,
thigknasstaf the TeE0ONe hEEe SURPABANEiBAMASY 4 sPRsHgingef the
stoppers 315 in consideration with the scope of the
saceptaikeentlayer 200 vis, formed 40eb@ substantiadlynthe agme as a
plate 50 in the swing notion, the swing notions of the

thimkineg s o fathe figiandof tiee statiomany ftend 0 6acansisting of the
bl ocked in normal driving. [0096] The | ower
secondailioondulet 200b.320n aken warnds; Yhssuppbuting member 9
simlar to the upper protection substrate 310, and a

i§ €6aBedbsthht Al lyss anavesi il shapy witnrexpocesoandi ng
to the noving plafe 50 and the supporting nenber 9

PLEGELPRIATE R 1 0 A S SIS, g
WALy PpldidY° 71 In addition, the trenches 101a of the moving
frame 35 are provided at positions with shapes to be substantially

symmetrical with respect to the perpendicular plane passing the first



In this enbodi nent, a stopper (lower stopper) 325 is
provi ded on the | ower protection substrate 320 sim| ar
to the upper protection substrate 310 to restrain the
di spl acenent of the noving @2ate 50 in the z-direction
other than the torsion. The stopper 325 is provided at
only one position to protrude as a rib shape along the

axi s qf fhe.sw.n tion of. the first .hinges 31

t3hses 30 fatr it Puods B blading B elo R form S TERS: RRaler of
protectjqn substrate 320 .| ther., 58 words, the
dregysert Bsmioy ipeoniasd U gpgint dee SUDPRETREYMSHARS 9
toward the center axis qf the swi.ng notion of the . .
stbstangiglnceimeides begl theiasrs ohthe swpng Mebenseonssting of
as a contacting portion which can contact th?

thedpest tilngesddbar planarsyleasi sogthaittbgmapvinginlate H@

moving plate 50 in the displacenment of the npving
ipthrdingtheAsipprsting meamnber Psis confiiguradk to sutnged oumd the
first hinges 31 and the stopper 325 is maintained in a
fitsy hérgeoB 1 tamapthlyazhd éagierfotmrsdapnimg boxthe bighé of

the supporting nmenber 9 provided on the bottom face of
sthenimy migrdir 30k @opeshy.t hbt additiopathte tsichkaess of the
contact. A shape of the stopper 325 is set so as to_
pouEpar &f tesipyorgnglmemtidd Mensistmgofithg secand silicon
contacts thereto in consideration with the scope of

lé#?@' QO@E'rﬁlﬁj%ﬂfoﬂrﬁe&f’cﬁiﬁﬂéﬁﬁr feicken than tthe thbokmess of the
pl ate 50. For exanple, a dinension in the x-direction

loFtiDa Rty BRI B8 dstihg!dT drdsééan silicon
pg?gggé%F§5§§?§ for#gggto Eave a gapgabout 10pmto 30pm
i -direction between the noving plate 50 and it
lé\lfﬁ%%ﬁgﬂé' noving plate 50 is in the bal anced state.
[gbgii the stopper 325 is provided near to the noving
50, the displacenent of the noving plate 50 in

the z~direct.ion, t [ . i [ r I r
o t hineairtoRdreEing 365 2putl dREHLRY HEGRREREbR Tayer
di tion, .since e pper..325 is forned kn
2005t Pixidafion AR F20 BREE odche $1RH By 200k,
he sw ng ti.on of the novin | ate 50, .t SWh N
Thsee Aoz o ion v 10k, e Fo At ard iifhed and
never bl ocked. Besides, a di nension of ro&rusi n ?f
arma gedoph ér togp et iBe ibaiipnary &aén@r%(& renches 101b
correspondi ng to_ exi stence or nonexistence_of th
(grppeesy)iarg feemest o9 the stasionaryifnems 36 t@ﬁbVédﬁég?‘tﬁlﬁ;é
menber 9 so 59 as to restrain the quantity of the
silicq drypere2®Onfintha pluratity pifaegisos,ofifddar telthe tvamohes
the supporting nenber 9 is not provided or the
10hackreissedh et dvei datimo filinn @ 20eabé the sesondi silicion layer
preferable to formthe stopper 325s0 as not to bl ock

2008 s jodns@bedow the fhst silvéaw [ayat 20Q4 andithdierenches
novi ng plate 50 and not contact the first hinges 31

1%9@&%&% ba @hgﬁpmé@i@g shi@sesayer 200azcttite i the,

simlar to the stoppers 315.
stationary frame 36 is formed integrally.
[0092]
The trenches 101b divide the first silicon layer 200a of the

stationary frame 36 into three regions which are electrically insulated



[ 0098] In addition, since the upper protection
substrate 310 and the | ower protection substrate 320
protect internal sem conductor unit 300, it is
sufficient to select the thiggness about 0.5mMmto

1.5mm but it is preferable to be about 0.6mm for
exanple, in consideration with the size after the
joining. In addition, it is preferable to select the
egept didesfanchbee oot svebstamwlgwn thesamoelestrbnetentidhsas
for exanple, so as not to block the sw ng notion of
thhee mf\theghpbagh-Bole ponasttion areafdlichermard §4f.i sAmong
preferabl e that the upper protection substrate 310
thbseibdeds an giaes so hebtdiar samebadeatise poftentiel bs ghe
transparency and the easiness to join it with the
thi¢wgh-didlecynd@teon 206a.1 bhaexheplivotinkepotttomd dawhich
Pyrex (registered trademark) glass by Corning, it is

sUpPOTtsobnt bt the tddAbaRaiGtactaddol theGsivoiig porEdns 3e of
eaSily with the siTicon by the anode j oi ni ng because

tﬁe%amﬂ% ffﬁﬁé@?%ggngfs*esnﬂfﬁ%ﬁed YRBEhrBLeheEbicon

substrat® 310 nay ormed Integrally to incfude the

Jg‘i@%\?\nﬁoﬁlg&a %bﬁ thfﬁHQﬁTS‘@%ﬁ%g’lje?’c : rr%tpg? %Qﬁgﬁ?ﬁ%ﬁld the

Wth using the grass substrate
pﬁ?@ﬁb@%ﬁﬁ@%& af sfb%&éﬁ%ﬁ%ﬁ%??v@ﬁc@&%i@%?@ Fovhidh is
i BRR Rty Fifwt et et e 101D. rmfn ARBon the
LR e 6 o BT o et bl g

i tion, .315 325 :
oAheciineh Hakerancaiionenet d¢ bas tRBDISOTRREDRRIAN 4f
bodi es of the upper protection substrate 310 and the, _ .
wisighyr suprReEs themthes afr theetisstohinges, 3 nd Theyegiop waich is
joined to the nmain bodies of the upper protection

te essubkstentadl yatite sama elastrigrpetentiad rasstid tafathe 320.
As for the upper protection substrate 310, it should
theougintiodarcenndcitomaread€f is thelreghon tofathenstatiomary frame
portion 312 is fornmed of a material which can transmt
36 gt eprethesab ovoenentioned two trbﬁidﬂsgtu bsahrrsargerdlectric
301. On the other hand, since the | ower protection

potdstiskt & B2osd dnbe theauphefblieheoinestsprraeay 10dend 10e,
than the upper protection substrate 310, it can be

agdnthicdtlcetr sfe s24 ARirerfodin&MENtIAS Righdgon which is easy
to process.
[0093]

In this way, three regions are provided on the first silicon layer
200a by forming the trenches 101a and 101b to include a region on
which the through-hole connection area 10d is formed and which is to
be substantially the same electric potential as that of the electrodes 2a,
another region on which the through-hole connection area 10e is

formed and which is to be substantially the same electric potential as

that of the electrodes 3a and 3b of the moving frame 35, and still



[ 0100] Subsequently, the notion of the |ight
scanning mn-or 301 is described. The first conb tooth
el ectrodes 7 and the second conb tooth el ectrodes 8
respectively serve as so-calggd perpendicul ar

el ectrostatic conbs, so that the noving plate 21
driven by generating driving forces at predeterm ned
driving frequencies by the first conb tooth el ect des
ahathdr rhgice oo ¢ doraugh-bole soanegtiopharem

conb tooth el ectrodes 7 and the second conb tooth
forandd addswBidr &s th besubsyanaalliyrthet sameledectricpotential as
potentials of the electrodes 2a and the 61 el ectrode
that perthedilesiroek iteaof tla¢ stdthahatyhfrashe 8t odEkecdrcand
3b are connected to the standard electric potential,

ﬁ&%n%@%‘f%e%ﬁréﬁgh Hdleycaansdtide agt e 10ds 1 Otiand 10f are
forces. In this light scanning mrror 301, the first

&aﬁ Ifeogfo*m esidodpRich Wil B desesBRE lafeth ahdahle first
ect rodes

are Fespectlvely configured to generate

wp bloYh eét%?%?p dHEGR #:b)idbé’o 5 %tﬁ%@%é‘@@des 8 are
ag J8s angu 01]

rec ar waver or ns or exanpl e

2%12%8’00%@@2@"2 T]ﬂe%g’uq RRERALS 9L chase ety ngg% °e
ld{{r{;{nﬁgﬁ g?qazs;zgg if)et Yot tlﬁﬁéoﬁw?iﬁ%ﬁ%ﬂ?&a%mng mirror
A ERn JBedriem L 1 DO Piosits: HE Duisiimbigthgb e fffee

driving

AR 1p§ﬂ|lt99§e§‘,§bﬁd%@ﬁreg wteivl inchoidife hes,

the npving plate 21 rot at und ec hi.nges
thpoughviolg Sennotioneaean Oyl g)e wﬁ qg;;;%fgﬁecmc%ﬁ
- Subsequently, when the posture of the noving plate 211
insulated eachpaihan eonsiituke vedtags applicatien asastAAPRLY
in a state that the el ectrodes 2a and the el ectrodes
W’ tageptetlee first sondp toothselectiodes 7tand the W%n(g GPERR

of the second conb tooth el ectrodes 8 are rel eased, so
toosh elbetrodes By plmadditionpthéseudweeaegions el whe vwltage
tw sting the second hinges 32 by inertia force
dppication Gheas the cleridadlyf mudatdd biyeinsuldton preze 21
in a rotational direction becones equal to the

inehiding ilenticaches 1914 hrd sdrldyddpnbeswsen theenoving plate
rotation of the noving plate 21 1n the direction

Bt and- thdt midvifigtrame 3Hanskgaps beeweehodichmelveng riogies 35
8 are driven agal n, and the noving plate 21 starts to
#1 B sttidReryORRese B8 Hriesd oRntiRy firbesilRsd Lagidra?00a.
[0094]

The upper protection substrate 310 and the lower protection
substrate 320 are respectively joined to the top face of the first silicon
layer 200a and the bottom face of the second silicon layer 200b of the
stationary frame 36. The upper protection substrate 310 has a joint

portion 311 which is joined to the stationary frame 36, a light

transmission portion 312 located above the moving plate 50, and three



62 forces of the second hinges 32 and the driving
forces of the second conb tooth el ectrodes 8. The
noving plate 21 is swing by repeating such rotations
due to the driving forces of 56he second conb tooth
el ectrodes 8 and the restitution forces of the second
hi nges 32. The noving frane 31 repeats the rotation
ue t h jying force f the first,.conmb too .
(BRI aeihe S Ee forma bl S8 arESihnging to
inges 31,.sjmlar to the sw i on,af.the,moving .
edgough-hile palectiohdeas th dis Andy) Qi « ASTRAOWn in
porting .menber 9. At this ti the noving plate 50
FHEY 08 thy ligat dranpgnissign rmfwﬂnglzvhm caniiy gqry,ct%rﬁd and
the posture of the noving plate 21 varies. Thereby,.
& iecersvd hda prhick migF from thedottom thed sidg, that is, the
motion. [0102] The second conb tooth el ectrodes
srateoniticten unit 300 sideg stfoemard sagssndtato hipek the swing
frequency about two tines as |arge as a resonance

fooéipreot yhefmavin g patieos0 sy shemstopperufusp e stopgpers) 315
novi ng plate 21 and the second hinges 32. In addition,

ateefdrimed onothie texwsh 3l 2t r Athesthfoagh-holesehl byarbdionmed so
appl i ed the vol tages having a frequency about two

thatehe aird@glghale contsnivnagedy ¢0denOy fifd a Ofidreasiposed
system configured of the noving plate 21, the noving

&1 A€ 3P fabBenWBRAE thAS tHE WipPer Dravetiog subkstatdididess
31. Thereby, the noving plate 217is configured to be

j@ﬁhé@rﬂowhbfke&ﬁmo%%g@%wn BPofifert Woeas aftge t he

swi ng angle thereof. In addition, since application
TRODED A0S TE0U8RL 8 b danenaol oyl iages
eSS RSBl bR THkES 181 LG 900 b 2200 Bl o
BB E LT SO0 T O 6 B S0t 101
G0 oS 1 s8R AL Unk 00 by the
upper protection substrate 310. The through-holes 313 are located
substantially at centers of the through-hole connection areas 10d, 10e
and 10f, and diameters of them are preferably smaller than
dimensions of the through-hole connection areas 10d, 10e and 10f,
and it should be about 0.5mm, for example.
[0095]

In this embodiment, the stoppers 315 are provided to restrain
the displacement of the moving plate 50 in the z-direction other than
torsion direction. The sfoppers 315 are provided to protrude toward

the stationary frame 35 from portions of the recess 312a above the

regions of the moving frame 35 where two of the first hinges 31 are



[0103] Manuf act uri ng processes of the |ight
scanning mrror 301 is described below with reference

to FIG 19 to FIG 24. In addition, FIG 19 to FIG 24
are cross-sectional views ofsghe region substantially
the sane regi on shown in Flg 18. First, oxidation
films are formed on both of top and bottom faces of an
SO substrate 200 in a diffusion furnace of oxygen and
respectavel3t cospoeted. ( Hincotier. weudscdeetwe wlopperssi ky are
(not illustrated) is patterned by photo |ithography in
réedyectiraglysprovided omvhegepesst 2138 totpretfudestowianigie genter
and the second hinges 32 on a surface of the oxidation
akid of 2B6lsvWinigmatbtion aftthp thevéngfplate 501 i VEhe stoppeyss,15
that is, a first silicon |layer 200a. After that,

aF€ foemedodo tiher thd ﬁkﬂwiﬁg platensD2@besvhot Appsoandt torblsk st
by the resist is renoved by RIE (Reactive |on Etching)

h§@%é‘§ 3ongxapeentde thedimishiakek!Bl falteat itsdispraves| ayler -
200a in which the noving plate 50 and so on are not

o?ﬁéxﬂ%rd@?q%ﬁ%vvﬁhqilc}q8,qﬁev5€t6pbersnzy gedrend fiseteto the

FIG 20) alumnumfilmis fornmed on the top face
. a teri
ngéﬁﬂkﬁggﬁ{t%%q %ieé‘,gﬁg#lgb aq/_ e %%%r%lr% f IsmyiI Is? 61(‘2& osrrrlr%tdtoso
[ f b
oy SPta fi S iRTacs 3] i pIABRP FEEnED THh ORI, ha RS AT 315
illust d [ LS
YSRGS Bl o0 PRlRes 15y R Bokible tg prevent
t her .t:h h ' f .. 64 t ' '
NGRS o broaed ShepERst Bt o PARAGRI e ©
f d. 104 . Af t f ' th i f "
SLorastal 938 %he gertelSREr PR Hob s Bkl 35 affvion,
Uk SLORDEIS 31 S P eSS &1 ORDACHT P IS YIgG BLRRE SO as
(Deep Reactive lon Etching). Since an et c&i n(%@gate of
nphéo dliogkt thers wingrnzoinos ol the wavisgialeiacd (s tpoverlap
l ess than 1% of an etching rate of the first silicon
thewyeovagplaten2] sripdanavriaw).m Dottoshends of the $@PPErs
the first silicon layer and the oxidation film 220 are

31 4r sy eedcbentactireg poytionbapkich caheontacithe myvangtate
50, the first hinges 31, the second hinges 32, the

50i whiencibrebmiondhl llaee S0adisplacenih the zséiroodonontSince the
tooth electrodes 8 are forned on the first silicon

n#@%@fg Bhfla.2 Shad mwshg g)lh’f@ 50rgrecdd v e OfHhasveing angles

ornmed in a region to be e noving plate 50, and, the

oLORIIUPACLRS, TOF S, 316993 19 e Slmcd s shapes
i 8BREEGeratidl wAKY dest A MRre [tBédnbving plate 21 and the
moving plate 50 displace in the swing motion. For example, it is
formed that dimensions in the x-direction are to be 100um to 400pum,
and dimensions in the y-direction are to be 100pm to 300pm. Lower
limits of these dimensions are set to enable to support the moving

plate 50 by the stoppers 315 when the moving plate 50 contacts the
stoppers 315. In addition, the stoppers 315 are formed to have gaps



Subsequently, a second silicon [ayer 200b (bottom face
side) of the SOT substrate 200 serving as a supporting
substrate is processed. The processing of the bottom
face side is perforned by coyering the top face of the
first silicon layer 200a which is the top face side by
the resist 230 for protection, for exanple. First, a
resist 232 is patterned on surface of the oxidation

a1 2heeDbBLmIAaDIR & i PARECEiOR IRETTEEBHCOP: (6R OF the
| ayer 220b bé photo |ithography. The resist, 6g f32 IS
rhovieg plates syl towhespdhedmeying plete §0gsdnta hglanced
menber 9 and the stationary frame 36. Then, regions of
positioni dakbi dnistwiy, bgoprowidisg the stepperss 53 ozatha Bppek
formed is etched by RIE and the exposed second silicon
prayectidAGubissraye Bl pbyx aRE (| Ehcmeang platehils theme,
the second silicon |layer 200b is graved to the o
dixptiasareent of th@2fo¢itey bateh®) dhfthersdécoion, that is, in the
etching rates, simlar to the above, and the oxidation

diréepigg Derpehdi@hdarabohedsem¥daidudiar subbgratedd sdstilded.

I's renoved in oxygen plasma. In addition, it may be

; 5 ' 15 ey b @vith th
Iglt Cc ‘.ﬂl%igﬁrg?b # ﬁ}?éggr;[ggitléﬁggﬁg?gégl ZOOSg,gegHr%d)i n 1t hat ©

CORE o B URSIHCL B ARSI VIR, RIBE 2T (R movine

t ' her nor €, t hi ckness

R R AT
A0SR0 5o S e AR b P

§b'k§§alquent ly, the oxidation filmnmenbrane 220 exposed
[ t he sem conductor unit 300 is renoved by R E

Thereby, the noving plate,50 and .t novi n late, 21
beco rrgly @vﬁ%‘ﬁ&ﬁ |pg0{(%qté% subsafe ggtohﬁ"’t‘% 6&3"%?&) 5&&}0{%
second hinges 32 (see FIG 16 or t like). In .
sandlar onthe Bppepprotertien spbstate 3&@%@5 %r%@ﬁsﬁ 321 yghich
of the oxidation film 220 and the second si li cg I aéeil
ig@ybved dtor pedtipal eevrespondimgtesha meving nlajeaanfdhe
a plurality of regions of the noving frame 35

suppoir ingrinemdbdi 9 fred hlye top facentitaisisi the semipondugtor
In addition, the oxidation film 220b on the surface of

urtie 396csined so bk awt toahkocketiibswsng enotied, of the moving plate
simul taneously. After that, the

50.
[0097]

In this embodiment, a stopper (lower stopper) 325 is provided

on the lower protection substrate 320 similar to the Upper protection
substrate 310 to restrain the displacement 6f the moving plate 50 in
the z-direction other than the torsion. The stopper 325 is provided at
only one position to protrude as a rib shape along the axis of the
swing motion of the first hinges 31 on the basis of the recess 321

forming a bottom of the lower protection substrate 320. In other



66 sem conductor unit 300 is conpleted by renoving the
resists 230 and 232 above and bel ow t he sem conduct or
unit 300. [0107] After_conpletion of the

sem conductor unit 300, the @%per protection substrate
310 and the | ower protection substrate 320 are j oi ned
to the sem conductor unit 300. In this embodinent, it

rdjse%ﬁ%' s%gg%?%z%safsegﬂ{) videdng gﬂﬁraaé%% tﬁ@kﬁﬁ 5BRPE tasvard

e dpper protectio strate 10 and the | ower

t@#e@&%f@ HPSE St e o AR TmYSE s A b
t&?eﬁ?@%ﬁt%&%%5&35/6?3{%%5%&@?@9 Fifu hiean
320

cmit cLHE aﬁaﬁé erﬁfn's?rﬂefr} 34 S Tatnd iR TRE AL,

ORI HOHE S0 i D6 GPBIAMERt 6F thadtaviG Pl ertsE%eO-zoAs
S%B%EEELI%“‘Z{&S& i steneohetnasmiing Srsuhinzdsopl and the
afterword. In the_joini ng process of the up
stoppec 8o ssussitedned an@ degeeqynas §0 @@m@a@h sach aiheE ’H>y
the recess 312a and the through-holes 313 are forned
the esupkenoeselith suppogingsubstten @ pzovidgd prghe bottom face
sem conductor unit 300 first and heated to about

ofehermovingdiretedddy sesh@ebstupantidemever womtact. A shape
envi ronnent of |lower than 10 Pa. At this tine, degree

o@th\t«'ﬁtbpg\eﬁm iy s¢tnsmgs cansuppEmtheardving platuegfh(é wibgn
maki ng the environnent less than 1 Pa, preferably. In

theghby iy platd 50 weaitacabitert k@e:@ntsi@eﬂaexrmlemtmﬂee scope
about 300 degrees Celsius to 400 degrees Cel sius.
offther disPddcewbaP if MRe swing motion of the moving plate 50. For
example, a dimension in the x-direction is set to be about 100um to
400um. In addition, the stopper 325 is formed to have a gap about
10um to 30um in the z-direction between the moving plate 50 and it
when the moving plate 50 is in the balanced state. Since the stopper
325 is provided near to the moving plate 50, the displacement of the
moving plate 50 in the z-direction, that is, the direction perpendicular
to the semiconductor substrate is restrained. In additioh, since the
stopper 325 is formed in consideration with the scope of the
displacerﬁent in the swing motion of the moving plate 50, the swing
motion of the moving plate 50 in the normal driving is never blocked.
Besides, a dimension of protrusion of the stopper 325 may be

modified preferably corresponding to existence or nonexistence of the

supporting member 9 or the thickness of the supporting member 9 so



67 gl ass substrate and the SOT substrate 200 becane
desired tenperature, a voltage of about 400V to 800V
with respect to the silicon layer, that is, the first
silicon layer 200a of the SOfgsubstrate 200 to be

joined is applied to the glass substrate. By keeping

the state of applying the voltage in about 20 m nutes

to 60 mnutes, the upper protection substrate 310

gy tpeestyajmtiredunntitho e dsplaceoentiof themeoviag plate 50
joining the upper protection substrate 310, the |ower
¢ffecdotlyon Whehrthtesuprimg niembet 8 iseotsproonded or the
silicon | ayer 200b of the sem conductor unit 300 by

thiek pegwlef e RupPostinigl mentbet Pesahaveit (FipBefeable so form
that the light scanning mrror 301 shown in FIG 18 is

thenibphed 32550286nbt 2. bIblRk 1hel Sivives mRstieds of thetmoving
l[imted to the anode joining, and it is possible to

i . ( ! _ i
p}ék@ 2Yah§itRE gggrvvg?glglmeﬂ% 4d aet kedsact[tBE0Rist hhelnges

nment 1 one nce the displacenent of t

RhIBsohn B0l ShegErcch . Leqrestionl g co e

Sggﬁgl gggltso prevent the breakage of the first hinges
St U0 enhance t he crashworthy of the Iight

@ ing mrror 301 even when a nechani cal shock is
gﬁ%ﬁed to the light scanning mrror 301 from outside.

B e Gt ORETcR B b R SR £ ltne
DR N TN LR CHER b R
30, it sugTicsert i Relov Theabh Qo AOGR: JanHbid oo mm, but
igltig:ﬁ)g@’?grai’gigttge@fégig{l? ((:)tér%r}n,e ffglSe g(iil\’/nefllg,. inSicgﬁ(seidterI]‘eettion with
the size after the joining. In addition, it is preferable to select the
depths of the recesses 312a and 321 to be about 0.3mm, for example,
so as not to block the swing motion of the moving plate 50.
[0099]

Furthermore, it is preferable that the upper protection substrate
310 should be a glass substrate because of the light transparency and
the easiness to join it with the first silicon layer 200a. For example,
when using a Pyrex (registered trademark) glass by Corning, it is
superior in the transparency and it can be joined easily with the
silicon by the anode joining because sodium is included in the glass.
The upper protection substrate 310 may be formed integrally to
include the recess 312a, the through-holes 313 and the stoppers 315

with using the glass substrate by molding method, bonding method,



325 are di sposed above and bel ow t he noving plate 50

in this enbodi nent, effect to enhance the crashworthy
can be obtained effectively. [0110] In addition,
the present invention is notghimted to the
configuration of the above nentioned enbodi nent, and

it is possible to nodify in various nmanners in a scope
not to change the purpose of the invention, in the
etching methibddonbiast methedanphedditions tagrfes, thedeverons
and nunber of the stopper 315 and the stopper 325 are
protedtion tsabstrate 3@k a4 glassesumtvatieneant be ansddtdisyilanto the
sel ect optinumones in consideration with the sw ng
uppéropratéctiba dutgtatecBihi nBesidesytheMmagerials of the upper
specifically, the stopper 315 and the stopper 325 can

ploteosed sudstese Hinandehdilopacpraettioh dubstratei IR are
plate 21 in thickness direction which is arranged

ndisliAgtdd o R, Nald hadRidh; thd sipiRérs\IrHlandtthe stopper 325
stoppers 315 may be protruded toward the center axis

@Egtﬁ@f@he& JT04 noAteffal td1ETeRRO TrL M 1he D 3B et dady &oddes of

noving plate 21 in planar vies, and the stopper

BE R oy Gb A1 o el g bortdeubstrate
37 ERACRSRNE ALY |G d WL ey e i wpper

RS IR R VY
P RE TR AT R N
B0 SR TR RS S bk i

crashworthy. of the |ight scanni m.rror. can be. 69 .
capnapsmit ilig%%ﬁarps teing pcanne gwn%}eeﬁgbhécwm%mlw
substrate may be joined to at_ |east a part of_ the .
i cOhuthe efhemhandosinegthe hewer peptaciiomubstrate 320 is
di sposed at |east a side of the sem conductor unit 320

nad negeiivedd the transpepeeye osher dhan iae mppics Proteetdon trate
the stoppers are provided on only a side, the |

3diGs it @aanen configuredrf/a matdraalesuch absilican rebidlots easy to
can be restrained by the stoppers, and thus, it is
Fﬂg@@b@le to prevent the breakage of the hinges and to
enhance the crashworthy. Still furthernore, the
[8¢@0qonductor unit 300 may be a single silicon

subsfrate or a netal plate other than the SOT

subst IR M i £ the 1Mt ahhéngadimmer 301 is
plate 21 Sﬂgeﬁﬂ"ﬁgsﬁggﬁgﬁg§eté% %%@ bg'eleg??ostatic

cge%?ﬁ)%d‘?‘c“'l‘ﬂg ﬂ?{-‘étV&ﬁﬁbfdo@theélee&fo%g% afilahbr QEREREEHfD
orces,.electrostrlctlon forces Or eatstrlctlpn
tégf}? %fedt?oc‘@g?? @sg%@ﬁg%{lf%é@é La?@o%ﬁﬂéﬂ?e@%{t/ﬂd?@ular

; ween co oot _ n any case orm ng
S BEPAPRRED 5D, SRR AR 2 YA erating
BB b BB Rl RS R B g comt
BRSBTSy RSP HB o RS 10T i
LS8 ot ool 7 4L Rt ol e

mrror face to scan |ight beans, and it is w de

dapyen babyartisgdheelceting patentindy pﬁgh@e‘d@@t@d@&i@aﬁné the
novi ng plate which is configured swingable with

respect to a stationary frane by twin hinges is forned
on a sem conductor substrate. In other



70 words, it is possible to enhance crashworthy of the
sem conduct or novi ng structure by providing stoppers
on a protection substrate provided on at |east one
face of the semconductor subbtrate to restrain a

di spl acenent of the noving plate in a direction

per pendi cul ar to the sem conductor substrate. List of

BRI Pl AR P ORGP RE B1c BN and 5b re
connected to the standard electric potential, for example, so that they
generate electrostatic forces. In this light scanning mirror 301, the
first comb tooth electrodes 7 and the second comb tooth electrodes 8
are respectively configured to generate the driving forces periodically
by being applied voltages of rectangular waveforms, for example.
[0101]

The moving plate 21 and the moving frame 35 formed as above
do not take level postures and are inclined a little in a state of rest due
to occurrence of internal stresses at the time of forming in many cases,
generally. Therefore, when the first comb tooth electrodes 7 are
driven from the state of rest, the driving forces act on the moving
plate 21 in the direction substantially perpendicular to it, and thus, the
moving plate 21 rotates around the second hinges 32 serving as the
rotation axis, for example. Subsequently, when the posture of the
moving plate 21 becomes in parallel with the moving frame 35, that is,
in a state that the electrodes 2a and the electrodes 3a completely
overlap in side view, the driving forces of the second comb tooth
electrodes 8 are released, so that the moving plate 21 continues to
rotate while twisting the second hinges 32 by inertia force thereof.
When the inertia force of the moving plate 21 in a rotational direction
becomes equal to the restitution forces of the second hinges 32, the
rotation of the moving plate 21 in the direction stops. At this time,
the second comb tooth electrodes 8 are driven again, and the moving

plate 21 starts to rotate in the opposite direction by the restitution



3: hinges 4: stationary frane (franme) 5: conb tooth
el ectrodes 6. stoppers 6a: chanfers 9: supporting
menber 10: mirror face 315: upper stoppers
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forces of the second hinges 32 and the driving forces of the second
comb tooth electrodes 8. The moving plate 21 is swung by repeating
such rotations due to the driving forces of the second comb tooth
electrodes 8 and the restitution forces of the second hinges 32. The
moving frame 31 repeats the rotation due to the driving forces of the
first comb tooth electrodes 7 and the restitution forces of the first
hinges 31, similar to the swing motion of the moving plate 21, and
thus, it swings integrally with the supporting member 9. At this time,
the moving plate 50 including the supporting member 9 swings
entirely, and the posture of the moving plate 21 varies. Thereby, the
moving plate 21 repeats two-dimensional swing motion.

[0102]

The second comb tooth electrodes 8 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 21
and the second hinges 32. In addition, the first comb tooth
electrodes 7 are driven by being applied the voltages having a
frequency about two times as large as a resonance frequency of a
vibration system configured of the moving plate 21, the moving frame
35, the supporting member 9 and the first hinges 31. Thereby, the
moving plate 21 is configured to be driven with resonance
phenomenon so as to enlarge the swing angle thereof. In addition,
since application manner and frequencies of the voltages of the first
comb tooth electrodes 7 and the second comb tooth electrodes 8 are

not limited to the above, it may be configured that the driving



325: | ower stopper 71 CLAIMS [Caim 1] 1. A
nMovi ng structure conprising: a noving plate; twin

hi nges constituting an axis of swing notion of the
nmovi ng plate wherein an end 8 each hinge is connected
to the noving plate; and a franme to which anot her end
of each of the twin hinges is connected and which
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varied with the electric potentials of the electrodes 2a and the
electrodes 4a.
[0103]

Manufacturing processes of the light scanning mirror 301 is
described below with reference to FIG. 19 to FIG. 24. In addition,
~ FIG. 19 to FIG. 24 are cross-sectional views of the region
substantially the same region shown in FIG. 18. First, oxidation
films are formed on both of top and bottom faces of an SOI substrate
200 in a diffusion furnace of oxygen and a steam atmosphere (FIG.
19). Subsequently, a resist (not illustrated) is patterned by photo
lithography in the shapes of the moving plate 50, the first hinges 31
and the second hinges 32 on a surface of the oxidation film 220b
formed on a top face of an activation layer, that is, a first silicon layer
200a. After that, regions of the oxidation film 220b which is not
masked by the resist is removed by RIE (Reactive Ion Etching) so as
to expose the regions of the first silicon layer 200a in which the
moving plate 50 and so on are not formed, and the resist is removed
in oxygen plasma (FIG. 20). An aluminum film is formed on the top
face of the first silicon layer 200a by sputtering aluminum, for
example. The aluminum film is formed so that a thickness thereof
becomes about 5,000 angstrom, for example. Then, after pattering a
resist (not illustrated) by photo lithography, the RIE is performed to

remove a portion of the aluminum film other than the mirror face 20,



stoppers, which restrain a displacenent of the noving
pl ate by contacting a part of the noving structure
when the noving pl ate displaces, are further
conprised. [Claim 2] 264The noving structure in
accordance with claim1, characterized in that

the stoppers are provided to restrain the displacenent

& e ot rramavad, [l (e LECon Bsidsy. ey Fade 30 i
ff%?ai g] 2, characterized in that the stoppers are
al ong the hinges in sides of the hinges. [Caim

ﬁ 4. The noving structure in accordance with
[0104h 1 or claim2, characterized in that

After forming the mirror face 20, a resist 230 is patterned on
the first silicon layer 200a, and etching an exposed portion of the top
face of the first silicon layer 200a by performing D-RIE (Deep
Reactive Ion Etching). Since an etching rate of the oxidation film
220 of the SOI substrate 200 is less than 1% of an etching rate of the
first silicon layer 200a, the oxidation film 220b on the surface of the
first silicon layer and the oxidation film 220 are rarely etched.
Thereby, shapes to be the moving plate 50, the first hinges 31, the
second hinges 32, the first comb tooth electrodes 7 and the second
comb tooth electrodes 8 are formed on the first silicon layer 200a.
Simultaneously, the trenches 101a are formed in a region to be the
moving plate 50, and, the trenches 101b are formed in a region to be
the stationary frame 36 (FIG. 22). The resist 230 is removed it in
oxygen plasma.

[0105]

Subsequently, a second silicon layer 200‘b (bottom face side) of
the SOI substrate 200 serving as a supporting substrate is processed.
| The processing of the bottom face side is performed by covering the
top face of the first silicon layer 200a which is the top face side by
the resist 230 for protection, for example. First, a resist 232 is
patterned on a surface of the oxidation film 220b formed on a surface

of the second silicon layer 220b by photo lithography. The resist



72 conb tooth el ectrodes, which are forned on a
part of the noving plate and a part of the frane to
face each other, and swing the noving plate with
respect to the frane, are fuesher conprised; and

the stoppers are disposed to contact another portion
of the novi ng structure except the conb tooth

el ectrodes, n the novin late spl aces

fig b Fanail iBghaes f@irgﬁagsﬁmg fo th Suﬁﬁer%g.rﬁambel‘ 9
structure in ac ordance with one of cl |m1 to cl ai

and Hhestafanarsetame it Ng { BSIENSO Flte pridajien fim
formed with the novi ngapl ate or the fra

22 0trive wisiohnthesresist d isotcBuneet b elghad %y :Raiﬁ]@nd the
ecgpacgs%%t gerciozneddsiil?cct)g ?;yer 200b is graved by D-RIE (FIG. 23). At
this time, the second silicon layer 200b is graved to the oxidation film
220 due to the difference of the etching rates, similar to the above,
and the oxidation film 220 is rarely etched. ~After that, the resist 232
is removed in oxygen plasma. In addition, it may be configured that
the resist 232 is removed during etching of the second silicon layer
200D, and in that case, manufacturing processes can be simplified.
Furthermore, it is possible to adjust a thickness of the resist 232
corresponding to the supporting member 9 so that the supporting
member 9 is etched a little when the etching is completed, and thus,
the thickness of the supporting member 9 is made smaller.

[0106]

Subsequently, the oxidation film membrane 220 exposed below
the semiconductor unit 300 is removed by RIE. Thereby, the moving |
plate 50 and the moving plate 21 become swinagble through the first
hinges 31 and the second hinges 32 (see FIG. 16 or the like). In
addition, thereby, the supporting member 9 consisting of the oxidation
film 220 and the second silicon layer 200b is formed below the
trenches 101a in a state that a plurality of regions of the moving
frame 35 insulated and divided by the trenches 101 are joined. In

addition, the oxidation film 220b on the surface of the second silicon

layer 200b is removed, simultaneously. After that, the



recesses are provided on the noving plate so that they
are fornmed to be concaved in a |longitudinal direction
of the hinges in the vicinities of portions pivoted by
the hinges; and the stopper§%%re integrally forned
with the frane and forned to be | ocated between the

hi nges and side end portions of the noving plate to

SHEARULELG 265290 X kRIS Ay g o i 230 and
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After completion of the semiconductor unit 300, the upper
protection substrate 310 and the lower protection substrate 320 are
joined to the semiconductor unit 300. In this embodiment, it is
described the case of using the glass substrates as the upper protection
substrate 310 and the lower protection substrate 320. The glass
substrates and the SOI substrate 200 can be joined easily and surely
by the anode joining, for example.

[0108]

The joining processes of the upper protection substrate 310
and the lower protection substrate 320 are performed so that the upper
protection substrate 310 is joined to top side of the semiconductor
unit 300 first in consideration with protection of the mirror face 20
and the lower protection substrate 320 is joined to the bottom side of
the semiconductor unit 300 afterword. In the joining process of the
upper protection substrate 310, the glass substrate to which the recess
312a and the through-holes 313 are formed is superposed on the SOI
substrate 200 of the semiconductor unit 300 first and heated to about
several hundred degrees Celsius under vacuum environment of lower
than 10 Pa. At this time, degree of vacuum after joining can be
enhanced much higher by making the environment less than 1 Pa,
preferably. In addition, it is preferable to keep the temperature about

300 degrees Celsius to 400 degrees Celsius. After that, when the



73 8. The noving structure in accordance with
one of claim1l1l to claim?7, characterized in that

the stoppers are configured to be the sanme electric
potential as that of another6portion of the noving
structure which contacts the stopper when the noving
plate displaces in a lateral direction. [Caim9]

s BT S S SRS RS th8) Blmperature,
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voltage in about 20 minutes to 60 minutes, the upper protection
substrate 310 properly joined to the semiconductor unit 300. After
joining the upper protection substrate 310, the lower protection
substrate 320 is joined to the second silicon layer 200b of the
semiconductor unit 300 by the anode joining similar to the above (FIG.
24), so that the light scanning mirror 301 shown in FIG. 18 is
completed. In addition, the joining method is not limited to the
anode joining, and it is possible to join by using various kinds of
methods.

[0109]

As mentioned above, since the displacement of the moving
plate 50 in the z-direction is restrained by the stoppers 315 and 325 in
this embodiment, it is possible to prevent the breakage of the first
hinges 31 and to enhance the crashworthy of the light scanning mirror
301 even when a mechanical shock is applied to the light scanning
mirror 301 from outside. Since the stoppers 315 and 325 are formed
to protrude toward the axis of the swing motion at which
displacement of the moving plate 50 is small in the displacement of
the moving plate 50, it is possible to configure the stoppers proximate

to the moving plate 50, and to restrain the displacement of the moving

plate 50 in the z-direction effectively. Since the stoppers 315 and



the stoppers are provided to restrain the displacenment
of the noving plate in thickness direction. [Caim 11]
11. The noving structure in accordance with claim 10,

characterized in that tdge noving plate, the
hi nges and the frane are provided on a sem conductor .
substrat e; a protection substrate for protecting

the noving plate is joined to at |east f th
%ﬂt@ﬁ@f&m&?ﬁ abpe raéqdebglm the moyHig Efaﬁépﬂ? s
protruded toward a center axis of sw.n [ f. th
ambodynghht effeebin enbapesdbe (8P QBERY agggeoghgalnede
cffectively.

[0110]

In addition, the present invention is not limited to the
configuration of the above mentioned embodiment, and it is possible
to modify in various manners in a scope not to change the purpose of
the invention, in the seventh embodiment. For example, structures,
positions and number of the stopper 315 and the stopper 325 are not
limited to those in the embodiment, and they can select optimum ones
in consideration with the swing motion of the light scanning mirror.
More specifically, the stopper 315 and the stopper 325 can disposed to
restrain the displacement of the moving plate 21 in thickness direction
which is arranged inside the moving frame 35. In other words, the
stoppers 315 may be protruded toward the center axis of the swing
motion of the second hinges 32 to overlap the moving plate 21 in
planar vies, and the stopper 325 may be protruded along the center
axis of the swing motion of the second hinges 32. In addition, the
light scanning mirror is not limited to biaxial gimbals type in the
above mentioned embodiment, and, it may be one which can swing
around a single axis having a structure that a moving plate to which a
mirror face is formed is supported by twin hinges on a stationary
frame, for example. In this case, by forming stoppers on a
protection substrate to pfotrude an axis of swing motion of the

moving plate, the crashworthy of the light scanning mirror can be



[Caim12] 12. The noving structure in

accordance with claim 11, characterized in that

the stoppers are fornmed at positions distant fromthe

hi nges so as not to contact gde hi nges when the noving

pl ate di splaces. [ aim 13] 13. The novi ng
structure in accordance with claim 12, characterized
inthat, . . each of the stoppers .include an upper
entwpsed, gimplesba i Stdl dvpbeapwrs; e m%%&%ﬁﬁ@traw may
pl ate; and t he upper stopper is forned_t
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hi nges so as to restrain the displacenent of the .
stoppers picat ke disposediat il easitheidmof tige seaigonductor unit 300
di spl acenment of the noving plate. [Caim 1{1{\}
to restrain the displacement of the moving plate. hen the stoppers
are provided on only a side, the displacement of the moving plate in
the z-direction can be restrained by the stoppers, and thus, it is
possible to prevent the breakage of the hinges and to enhance the
crashworthy.  Still furthermore, the semiconductor unit 300 may be a
single silicon substrate or a metal plate other than the SOI substrate,
the driving forces to swing the moving plate 21 and the moving plate
50 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. In any case, by forming the stoppers on the protection
substrate to protrude toward the axis of the swing motion of the
moving plate, it is possible to restrain the displacement of the moving
plate in the z-direction, and thus, it is possible to prevent the breakage
of the hinges and to enhance the crashworthy of the semiconductor
unit.
[0111]

Still furthermore, the present invention is not limited to a light
scanning mirror having a mirror face to scan light beams, and it is
widely applicable to a semiconductor moving structure that a moving

plate which is configured swingable with respect to a stationary frame

by twin hinges is formed on a semiconductor substrate. In other



14. The noving structure in accordance with claim 12,
characterized in that a supporting nenber is
integrally formed with the ving plate bel ow a bottom
face of the noving plate; the stoppers include a | oner
st opper disposed in a bottom face side of the noving

pl ate; and the | ower stopper is forned to

words! Ldis poveble & eahheceatiasharutthy efghehseniangductor
~axis of swing notion of the hinges so as to restrain

nS bR b e e et
pFoVided Bhait8eadbone face of the semiconductor substrate to
restrain a displacement of the moving plate in a direction
perpendicular to the semiconductor substrate.
List of Marks
[0112]

1: light scanning mirror (moving structure)

2: moving plate

2e: recess

3: hinges

4: stationary frame (frame)

5: comb tooth electrodes

6: stoppers

6a: chamfers

9: supporting member

10: mirror face

315: upper stoppers
325: lower stopper



in displacenent of the noving plate. [Caim15] 15, A
i ght scanning mrror having the noving structure in
accordance with one of claiml1 to claim14; and a
mirror face for reflecting iWntident |ight is provided
on a top face of the noving plate.

CLAIMS

[Claim 1]

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, which restrain a displacement of the moving plate by
contacting a part of the moving structure when the moving plate
displaces, are fufther comprised.
[Claim 2]

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

the stoppers are provided to restrain the displacement of the
moving plate in in-plane direction,.
[Claim 3]

3. The moving structure in accordance with claim 1 or claim
2, characterized in that

the stoppers are formed along the hinges in sides of the hingées.
[Claim 4]

4. The moving structure in accordance with claim 1 or claim

2, characterized in that
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comb tooth electrodes, which are formed 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, are further comprised; and

the stoppers are disposed to contact another portion of the
moving structure except the comb tooth electrodes, when the moving
plate displaces in the in-plane direction.

[Claim 5]

5. The moving structure in accordance with one of claim 1 to
claim 4, characterized in that the stoppers are integrally formed with
the moving plate or the frame.

[Claim 6]

6. The moving structure in accordance with claim 3,
characterized in that

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 7] |

7. The moving structure in accordance with one of claim 1 to
claim 6, characterized in that

a chamfer of a round shape is formed at each corner of the
stoppers.

[Claim §]
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8. The moving structure in accordance with one of claim 1 to
claim 7, characterized in that

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 a lateral direction.
[Claim 9]

9. The moving structure in accordance with one of claim 1 to
claim 8, 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 10]

10. The moving structure in accordance with claim 1,
characterized in that |

the stoppers are provided to restrain the displacement of the
moving plate in thickness direction.
[Claim 11]

11. The moving structure in accordance with claim 10,
characterized in that

the moving plate, the hinges and the frame are provided on a
semiconductor substrate;

a protection substrate for protecting the moving plate is joined
to at least one face of the semiconductor substrate; and

the stoppers are protruded toward a center axis of swing

motion of the moving plate from the protection substrate.
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[Claim 12]

12. The moving structure in accordance with claim 11,
characterized in that

the stoppers are formed at positions distant from the hinges so
as not to contact the hinges when the moving plate displaces.
[Claim 13]

13. The moving structure in accordance with. claim 12,
characterized in that

each of the stoppers include an upper stopper disposed in a top
face side of the moving plate; and

the upper stopper is formed to protrude toWard a center axis of
swing motion of the hinges so as to restrain the displacement of the
moving plate by contacting the moving plate in displacement of the

moving plate.

[Claim 14]

14. The moving structure in accordance with claim 12,
characterized in that

a supporting member is integrally formed with the moving
plate below a bottom face of the moving plate;

the stoppers include a lower stopper disposed in a bottom face
side of the moving plate; and

the lower stopper is formed to protrude toward a center axis
and along the center axis of swing motion of the hinges so as to
restrain the displacement of the moving plate by contacting the

supporting member which displaces integrally with the moving plate
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in displacement of the moving plate.

[Claim 15]

15, Alight scanning mirror having the moving structure in
accordance with one of claim 1 to claim 14; and
a mirror face for reflecting incident light is provided on a top

face of the moving plate.



