SEMICONDUCTOR MECHANICAL STRUCTURE [DETAILED DESCRIPTION OF THE INVENTION]
[TECHNICAL FIELD] [0001] The present invention relates to a semiconductor mechanical
structure formed on a semiconductor substrate and having a moving unit which is pivoted by hinges
and configured swingable. [ BACKGRAOUND ART] [0002]

SEMICONDUCTOR MECHANICAL STRUCTURE

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

The present invention relates to a semiconductor mechanical
structure formed on a semiconductor substrate and having a moving
unit which is pivoted by hinges and configured swingable.
[BACKGRAOUND ART]

[0002]

Conventionally, it is known that some optical instruments such
as bar-code readers or projectors use a light scanning mirror to scan
light beams incident to a mirror by swinging a moving unit to which
the mirror is provided (see patent document 1, for example). Asfor
the light scanning mirror, a miniature one having a semiconductor
mechanical structure formed by using micro-machining technology is
known. Such a semiconductor mechanical structure has a moving
unit to which amirror face is formed when it is used as a light
scanning mirror and a stationary frame which supports the moving
unit. The moving unit and the stationary frame are coupled by
hinges each other. The moving unit is driven by a pair of comb
tooth electrodes interdigitated each other formed between the moving
unit and the stationary frame. The comb tooth electrodes are formed
so that comb teeth of them are interdigitated with a distance of
several u m, for example, and to generate an electrostatic force be
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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 unit to which the
mirror is provided (see patent document 1, for example). As for the light scanning mirror, a miniature
one having a semiconductor mechanical structure formed by using micro-machining technology is
known. Such a semiconductor mechanical structure has a moving unit to which a mirror face is formed
when it is used as a light scanning mirror and a stationary frame which supports the moving unit. The
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while twisting inges so as to swing arou S servi e axes by applying a driving

force gencrgisyi g@eawmm@ég@g@m% thEYSRYRYoth Blelidgasscanning mirror,

in order to a ing angle necessary to scan light by a small driving voltage, it is sufficient to

decrease a[em])'@g constant of the hinges in torsion direction by thinning the hinges. However, when
thinning the hinges, the hinges become weak for a physical shock, and the hinges may be broken

when a mechanicalBlyohesweampliad sgoh euisgies sodrihixsgting liobt scamridernorassome become
immovable. Although a structure of a light scanning mirror in which a cover substrate is joined to a
semiconducwi Bghangie inetessaryl (o sa@nt tghtiiogra snoédpldcarnrgtwolktageoiing unit is not
restrained even when the cover substrate is provided, so that when a mechanical shock is applied
from outsidSHEChEetOnGiSCHease ke ERE CORShanIR] AR EdNPES hé®iONsubstrate. [PARENT

DOCUMENT. 1] JP 2004-109651A _ o _
diréction by thinning the hinges. However, when thinning the hinges,

the hinges become weak for a physical shock, and the hinges may be
broken when a mechanical shock is applied from outside, and thus,
the light scanning mirror may become immovable. Although a
structure of alight scanning mirror in which a cover substrate is
joined to a semiconductor substrate is disclosed in patent document 1,
displacement of the moving unit is not restrained even when the cover
substrate is provided, so that when a mechanical shock is applied
from outside, the hinges may be broken before the moving unit
contacts the cover substrate.
[PARENT DOCUMENT 1] JP 2004-109651A
[DISCLOSURE OF INVENTION]
[PROBLEMS THAT THE INVENTION IS GOING TO SOLVE]
[0004]

The present invention is conceived in consideration of the
above mentioned problem and purposed to provide a semiconductor
mechanical structure, which can prevent breakage of the hinges and
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[DISCLOSURE OF INVENTION] [PROBLEMS THAT THE INVENTION IS GOING TO SOLVE] [0004]
The present invention is conceived in consideration of the above mentioned problem and purposed to
provide a semiconductor mechanical structure, which can prevent breakage of the hinges and be
manufactured easily and has a high crashworthy even when an impact shock is applied from outside.
[MEANS TO SOLVE THE PROBLEMS]

be manufactured easily and has a high crashworthy even when an
impact shock is applied from outside.

[MEANS TO SOLVE THE PROBLEM ]

[0005]

For achieving the above mentioned purpose, the invention of
claim 1 relates to a semiconductor mechanical structure wherein a
moving unit, twin hinges constituting an axis of swing motion of the
moving unit wherein an end of each hinge is connected to the moving
unit, and a stationary frame to which another end of each of the twin
hinges is connected and which supports the hinges are formed on a
semiconductor substrate, and the moving unit is configured with
respect to the stationary frame while twisting the twin hinges,
characterized in that a protection substrate for protecting the moving
unit isjoined to at least one face of the semiconductor substrate; and
the protection substrate has stoppers formed to protrude toward a
center axis of swing motion of the moving unit, and thus,
displacement of the moving unit in a direction perpendicular to the
semiconductor substrate is restrained.

[0006]

The invention of claim 2 is characterized in that the stoppers
are formed distant from the hinges so as not to contact the hinges
when the moving unit is displaced, in the invention of claim 1.
[EFFECTS OF THE INVENTION]

[0007]
According to the invention of claim 1, the displacement of the
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[0005] For achieving the above mentioned purpose, the invention of claim 1 relates to a
semiconductor mechanical structure wherein a moving unit, twin hinges constituting an axis of swing
motion of the moving unit wherein an end of each hinge is connected to the moving unit, and a
stationary frame to which another end of each of the twin hinges is connected and which supports the
hinges are formed on a semiconductor substrate, and the moving unit is configured with respect to the
stationary frame while twisting the twin hinges, characterized in that a protection substrate for
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enhanced. Since the stoppers are formed to protrude toward the axis

of the swing at which displacement of the moving unit is smaller in
the swing motion of the moving unit, it is possible to approach the
stoppers to the moving unit without interfering the wing motion of the
moving unit around the hinges serving as the axis, and thus, the
displacement of the moving unit in the direction perpendicular to the
semiconductor substrate can be restrained effectively.

[0008]

According to the invention of claim 2, since the stoppers do
not contact the hinges, it is possible to prevent atrouble of breakage
of the hinges by contacting of the stoppers.

[BEST MODE FOR CARRYING OUT THE INVENTION]
[0009]

Hereinafter, an embodiment of the present invention is
described below with reference to figures. FIG. 1, FIGS. 2(a), (b)
and FIG. 3 show an example of alight scanning mirror (a
semiconductor mechanical structure) in accordance with this
embodiment. The light scanning mirror 1 is a miniature one which
IS to be mounted on an optical instrument such as a bar-code reader, a
projector apparatus which projects an image on an external screen, or
alight switch, and has a function to scan light beams which are
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moving unit in a direction perpendicular to the semiconductor substrate is restrained, so that breakage
of the hinges can be prevented even when an impact is applied from outside, and thus, crashworthy of
the semiconductor mechanical structure can be enhanced. Since the stoppers are formed to protrude
toward the axis of the swing at which displacement of the moving unit is smaller in the swing motion of
the moving unit, it is possible to approach the stoppers to the moving unit without interfering the wing
motion of the moving unit around the hinges serving as the axis, and thus the displacement of the

moving unit.in th ction endjc 0 the semic e can.be restrained effectively.
ooos” Attt TEaR BXTB e Hah o et AR Tnoh SO AEe himes. it o
possible to Rf)\;ﬁg/@gé%trouble of breakage of the hinges by contacting of the stoppers. [BEST MODE
FOR CAR T THE INVENTION] [0009] Hereinafter, an embodiment of the present

invention is ed below with reference to figures. FIG. 1, FIGS. 2(a), (b) and FIG. 3 show an
example of ‘a light-scanning mirror (a semiconductor mechanical structure) in accordance with this

etzcment such as o L e O e O age on an exte
projector apparatus which projects an image on an external

screen, or ajigey RMeigh. and _pB R NALIPNEY $candghyReatsnhigh @ ror 1 has a
semiconductor unit 100 which is configured of atriple-layered SOI
(Silicon on Insulator) substrate (a semiconductor substrate) 200
consisting of afirst silicon layer (activated layer) 200a and a second
silicon layer (substrate layer) 200b having electric conductivity which
are joined viaasilicon 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. In addition, an oxidation film
220b is formed on a part of atop face of the SOI substrate 200 (it is
illustrated in FIG. 3). Asshown in FIG. 2(a), the light scanning
mirror 1 is arectangular solid device that top face is substantially
square or substantially rectangular of about several mm in planar view,
and configured by the semiconductor unit 100, an upper protection
substrate (protection substrate) 110 joined to a top face of the first
silicon layer 200a, a lower protection substrate (protection substrate)
120 joined to a bottom face of the second silicon layer 200b, and so

on.

[0011]



incident from external light source or the like (not shown in the figures). [0010] First, a configuration
of the light scanning mirror 1 is described. As shown in FIG. 1, the light scanning mirror 1 has a
semiconductor unit 100 which is configured of a triple-layered SOT (Silicon on Insulator) substrate (a
semiconductor substrate) 200 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 nd silicon layer 200b are electrjcally insulated each other. A
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and so on. @ pheries of the mirror unit 2, and a stationary frame 4 formed to
surround peripheries of the moving frame 3 and to serve as side
peripheries of the light scanning mirror 1. The moving frame 3 and
the stationary frame 4 are coupled by bean shaped twin first hinges 5
which are formed from two side faces of the stationary frames 4
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 mirror unit 2
and the moving frame 3 are coupled by beam shaped twin second
hinges 6 which are formed to serve as an axis by arranged each other
in adirection crossing a longitudinal direction of the first hinges 5 at
right angle. The first hinges 5 and the second hinges 6 are formed so
that the axes formed by them pass through a center of gravity of the
mirror unit 2 in planar view. Width dimensions of the first hinges 5
and the second hinges are respectively about Sum and 30um, for
example. The mirror unit 2 is supported by the moving frame 3 to
be swingable with respect to the moving frame 3 around the second
hinges 6 serving as an axis of the swing motion. On the other hand,
the moving frame 3 is supported by the stationary frame 4 to be
swingable with respect to the stationary frame 4 around the first
hinges 5 serving as an axis of the swing motion. In other words, in
this light scanning mirror 1, the mirror unit 2 and the moving frame 3
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As shown in FIG. 1, the semiconductor unit 100 comprises a mirror unit 2 having substantially a
rectangular shape in planar view and a mirror face 20 formed on a top face thereof, a moving frame 3
formed to be a substantially rectangular ring shape to surround peripheries of the mirror unit 2, and a
stationary frame 4 formed to surround peripheries of the moving frame 3 and to serve as side
peripheries of the light scanning mirror 1. The moving frame 3 and the stationary frame 4 are coupled
by bean shaped twin first hinges 5 which are formed from two side faces of the stationary frames 4
facing each othey.to cross at right angle ta the faces to serve as an axis by arranged each other. On
the other NRIHAVER BTURN 316 THeaR O ek o LR 0 e by BB LEtwin second
hinges6wfgi(]1;#g #)r %ﬁ)sr a S@% rr gb fhgri-ﬁtiir iQn Cpossing a
longitudinal ﬁﬁ) gﬁtﬁ %t%f&é%‘?ﬁﬁ Yﬁ%@ﬁe Eé@t % %g @'i ﬁmi%scg’?ﬁd hinges 6 are
formed so tl:fj{ : {%ﬁm eg (:f RS ' &(‘g& ' it 2 in planar
view. Width iggﬁggﬁz 0 lhe ir%é%@r%ﬂeg%ég @L(Heﬂé]econ(?]‘ m%@ggﬁ%rﬂe pec f\@q %ﬂgl)%nut 51 tm and

30Rm, for exanplg. thix§ NS ihe IS/THRE B BhE roSietp EANESHIG Gar el pARRwith respect

to the moving frame 3 around the second hihges 6 serving as an axis of the Swing motion. On the
other h?ndﬂ'thrFﬁ’MQéﬁ BaAc !ﬁélﬁ@i@@ﬁﬁﬂ Mh@@ss@tm%@/éf@mm“i FPF:’FG:VQ(‘B _,b!% with respect to
the stationary frame 4 around the first hinges 5 serving as an axis of the swing motion. In other words,
in this light scppant nyreiniter 9jrwhictt Rdoinked twving frovend) deestiti® somasytieg unit 50
which is swingable with respect to the stationary frame 4 around the axis configured by the first hinges
5. The mirrdpaugi nigatoleigated ral be widkotinensiowatig $wéemetde ssquaVidedars diehe swing
motions respectively configured by the first hinges 5 and the second hinges 6. As shown in FIG. 2(b),
a supportin @iterbdieeadiidhe e thameang franedi toas tbreedhiraehe hokgrally with the

moving frame 3, is provided on the bottom face of the moving frame 3. In addition, three through-hole

connection GRSIECHON G et 10R, stOkoandJLos HEestanpRE O the Stal et aMgitudinal

e AR A R e s
Z-direction. In additipn,.the sh f the mi it 2 irror face 20 or. th ving f 3i
imite 0 a LG ikt Lt e R R R e By AR canning
Semicondudtl) Lo Fe S e e o e UL B SRR AL moving frame
3 and the Sgﬁ'élr’rffé V?gﬂ?ébt’i’ﬁﬁr R '%:—‘ﬂﬁ%éﬁfﬁ]?"t o Hit‘"f‘BHf‘ﬂ’f?%%B% poth

electrodes 8 are tormed at regions between the mirror unit 2 and the moving fram ere the

second hingpg §e GOLIFHTE T RriFs bF TRBA TR S FECRRS, 11§ AR ¢ Athat electrodes 3b

respectively formed to be comb tooth shape on two side faces of thé moving frame 3 substantially

perpendicuIamqmt&@rmmgg@,aﬁadgﬂd 0aae Gilesitecde arnaealedively dpnpies at positions
on the stationary frame 4 facing the electrodes 3b. The second comb tooth electrodes 8 are configured
so that elecf@@E8]2a respectively formed to be comb tooth shape on two side faces of the mirror unit 2
substantially perpendicular to the Y-direction are arranged to engage electrodes 3a respectively
formed to be comb tloehl $ghp seapoEtEpimi srohd eovingSitdead facngite 218strodes 2a. In the first
comb tooth electrodes 7 and the second comb tooth electrodes 8, gaps between the electrodes 3b and
4a, and gayR Betiastaticf gecanasdrivang 3arGescdeigaxampliss frdi te to 51_tm, for example.
The first comb tooth electrodes 7 and the second comb tooth electrodes 8 generate electrostatic

forces actingBMECAREetPbIIE D Htreamb HRatk &l eclrodes JueteiuReth@r electrodes 2a

and 3a when applying voltages between the electrodes 3b and 4a or electrpdes 2a and 3a. [0013
regPBrstlgetw n the movmgframegancp the stationary frame 4 w ere[ ]

the first hinges 5 are not formed, and second comb tooth electrodes 8
are formed at regions between the mirror unit 2 and the moving frame
3 where the second hinges 6 are not formed. The first comb tooth
electrodes 7 are configured so that electrodes 3b respectively formed
to be comb tooth shape on two side faces of the moving frame 3
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The mirror unit 2, the moving frame 3, the stationary frame 4 and so on are formed by processing an
SOT substrate 200 with micro machining technology, which will be mention later. Each portion of the
semiconductor unit 00 including each layer of the SOT substrate 200 will be described below. [0014]
The mirror unit 2 and the moving frame 3 are formed on a first silicon layer 200a. The mirror face 20 is
a thin film of aluminum, 8 for example, and formed on a top face of the mirror unit 2 to reflect light
beams incident from outside. The mirror unit 2 is formed substantially symmetrical with respect to a

Coingable SHIRATL ALY HE MRORL S a1 AL At N RS '@“r”%;%ﬁx fohdtien
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connected to the pivoting portions 3c via a conductive portiort 3d and pivoted by the other of the first

hinges 5, arfi e AW Sidieetiprs ifarpamierbe DRIt 2Y0BSiaRA/N yhe conductive portion 3d
with respect to a center of the mirror unit 2. Since the trenches 101a dividethe first silicon layer 200a,

these five reginperadiceleatricatiiengutiitesttah atbesr faragietti oo, éshg AgéehigredenS3f are not

necessarily formed.
respectively formed to be comb tooth shape at positions on the
moving frame 3 facing the electrodes 2a. In the first comb tooth
electrodes 7 and the second comb tooth electrodes 8, gaps between
the electrodes 3b and 4a, and gaps between the electrodes 2a and 3a
are configured to be from 2um to Sum, for example. The first comb
tooth electrodes 7 and the second comb tooth electrodes 8 generate
electrostatic forces acting in adirection of gravitation each other
between the electrodes 3b and 4a or electrodes 2a and 3a when
applying voltages between the electrodes 3b and 4a or electrodes 2a
and 3a.
[0013]

The mirror unit 2, the moving frame 3, the stationary frame 4
and so on are formed by processing an SOI substrate 200 with micro
machining technology, which will be mention later. Each portion of
the semiconductor unit 00 including each layer of the SOI substrate
200 will be described below.

[0014]
The mirror unit 2 and the moving frame 3 are formed on a first

silicon layer 200a. The mirror face 20 is athin film of aluminum,
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[0015] The supporting member 9 is configured of the oxidation film 220 and a second silicon layer
200b below the moving frame 3 (z-direction). The five regions of the moving frame 3 divided by the
trenches 101a are joined with the supporting member 9. In other words, the supporting member 9 is
formed below the regions of the moving frame 3 where the trenches 101a are formed while being
joined with the first silicon layer 200a. In this way, the moving frame 3 and the supporting member 9
are configured to be swingable integrally around the first hinges 5 as the axis of the swing motion by

I Tormedt ol LIRSS BP0 A, APt ) FH AT BB B view (0
cover the rggiqns,o f f ving frame e and 3b, in this
em boé.mej?%}aﬁéém?%{ﬁﬁﬁﬁﬁ&ﬁ?&%é%q of%%slﬁgiﬁ?rtlgﬁ'é 2 tfgr? gﬁ%ﬁgsti ngsof thet

nd sili [ ] i :hi region of th
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hinges 5 (a plane In parallel with a y-Z plane). In addition, the trenches 101a of the’'moving frame 3 are

provided 2t 95figny e 5AAGEBI@ BFCUNEIANEUBCHITITT igeb BRERRP {2 thagerbendicuiar

plane passing the first hinges 5 for forming the balancing regions 3f. Thereby, a center of gravity of the
moving unitspidineludirel Be3uprpithesEdlzEndsigiseotiahuen caidds onthdhepéndftbe swing

motion consisting of the first hinges 5 in planar view, so that the moving unit 50 including the
supporting avdatier encbafdived itsb\sihcarlageh& OEaldngesdnstitutidly and to perform
scanning by the light scanning mirror 1 properly. In addition, the thickness of the portion of the
supporting GkE-ShapREtSRPCEheacbbng dMcan RYilaoop fbiybdX0rraead teimeador thicker than
e e the Tt Silicon layer 200a. - By forming Hhe trenches L01a, the o - o 0+
moving frame 3 is divided into five regions of aregion whichis
connected to one of the first hinges 5 and integrated with the
electrodes 3a and 3b, a region consisting of two pivoting portions 3c
which support the second hinges 6 and a pivoting portion 3e which is
connected to the pivoting portions 3c via a conductive portion 3d and
pivoted by the other of the first hinges 5, and three balancing regions
3f formed to be point symmetrical to the conductive portion 3d with
respect to a center of the mirror unit 2. Since the trenches 101a
divide the first silicon layer 200a, these five regions are electrically
insulated each other. In addition, the balancing regions 3f are not
necessarily formed.
[0015]
The supporting member 9 is configured of the oxidation film
220 and a second silicon layer 200b below the moving frame 3
(z-direction). The five regions of the moving frame 3 divided by the
trenches 101a are joined with the supporting member 9. In other
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The stationary frame 4 is configured by the first silicon layer 200a, the oxidation film 220 and the
second silicon layer 200b. Three through-hole connection area 10a, 10b and 10c are formed and
arranged on a top face of the stationary frame 4. Trenches 101b (grooves) are formed on the
stationary frame 4 to divide the first silicon layer 200a into a plurality of regions, similar to the trenches
101a. Since the oxidation film 220 and the second silicon layer 200b are joined below the first silicon
layer 200a and the trenches 101b are formed on only the first silicon layer 200a, entire of the

tati frame 4 is formed integrally. [0017] . .The t 101h divide the first silicon layer 200
o the StatioN Pat i RS0 b SPAEH h kS AR HPOLEI o BT B botome
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4e which is formed narrower b e trenches 101b. In addition, the region which is to be

substantiallyrhsypanmg MMW@WP&@EFH?E@%%'@F@Q%W @n@r@mm%mib}b hyps the

pivoting portion 4f which supports the other of the first hinges 5. The region which is to be substantially
the same elggitnicgptetitihas itegt ohthernhtioedippler camyeneenizer® 10cAstBhgeaimof the

stationary frame 4 except the above mentioned two regions to be the same electric potentials as those
of the throubhGoR{ bpntietBuppertsrigaemiob Sarsifihenetet coukd dd yrtoftyened at this region.
substantially symmetrical with respect to the first hinges 5 in planar
view to cover the regions of the bottom face of the moving frame 3
except the electrodes 3a and 3b, in this embodiment. In addition, a
thickness of the region of the supporting member 9 consisting of the
second silicon layer 200b is formed to be substantially the same as a
thickness of the region of the stationary frame 4 consisting of the
second silicon layer 200b. In other words, the supporting member 9
is formed substantially symmetrical shape with respect to a
perpendicular plane passing the first hinges 5 (a plane in parallel with
ay-z plane). In addition, the trenches 101a of the moving frame 3
are provided at positions with shapes to be substantially symmetrical
with respect to the perpendicular plane passing the first hinges 5 for
forming the balancing regions 3f. Thereby, a center of gravity of the
moving unit 50 including the supporting member 9 substantially
coincides with the axis of the swing motion consisting of the first
hinges 5 in planar view, so that the moving unit 50 including the
supporting member 9 is configured to swing around the first hinges 5
smoothly and to perform scanning by the light scanning mirror 1
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[0018] In this way, three regions are provided on the first silicon layer 200a by forming the trenches
10l1a and 101b to include a region on which the through-hole connection area 10a 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 10b is formed and which is to be substantially the same electric
potential as that of the electrodes 3a and 3b of the moving frame 3, and still another region on which
the through-hole connection area 10c is formed and which is to be substantially the same electric

Conmection BFORSHs 108 SRRTLEThrLSHILA TS S PR LW SRR A, and the.

fi b . i b ing the electri

potentials ol HELEh D g RLAE T Dhel i e o0 s el ek S O b Y BHeing miror 1
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each other Fpé}ﬁg%ed&l@%iﬁ p&wﬂj@@@éﬁm%ryq)g 92@055-:- first comb tooth electrodes 7

and the second comb tooth elettrodes 8. In addition, these three regions of the voltage application
areas are efgpyn@illy insulated by insulation areas including the trenches 101a and 101b, gaps
between the mirror unit 2 and the moving frame 3 and gaps between the moving frame 3 and the

stationary frame 4 fqineestari treafiysf siivendaecéffigPedddy the first silicon layer
2004, the oxidation film 220 and the second silicon layer 200b.
Three through-hole connection area 10a, 10b and 10c are formed and
arranged on atop face of the stationary frame 4. Trenches 101b
(grooves) are formed on the stationary frame 4 to divide the first
silicon layer 200a into a plurality of regions, similar to the trenches
101la. Sincethe oxidation film 220 and the second silicon layer
200b are joined below the first silicon layer 200a and the trenches
101b are formed on only the first silicon layer 200a, entire of the
stationary frame 4 is formed integrally.
[0017]

The trenches 101b divide the first silicon layer 200a of the
stationary frame 4 into three regions which are electrically insulated
each other and become substantially the same electric potentials as
those of the through-hole connection areas 10a, 10b and 10c.

Among these areas, an area to be the same electric potential as the
through-hole connection area 10a has the pivoting portion 4d which
supports one of the regions connected to the pivoting portions 3e of
the moving frame 3 and distant farther from the through-hole
connection area 10a. The through-hole connection area 10a and the
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The upper protection substrate 110 and the lower protection substrate 120 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 4. The upper protection substrate 110 has a joint portion 111 which is joined to the
stationary frame 4, a light transmission portion 112 located above the moving unit 50, and three
through-holes 113 respectively formed at positions corresponding to the through-hole connection
areas 10a, 10b and 10c. As shown in FIG. 3, the light transmission portion 112 has a cavity structure,

and a recess. 112a which js grayved from the bgttom face side, that is, the semigonduyctar unit 100 side
s formed sPNITHIEIRSHOM A AHE FRHRC O EVEEHEY STy Bep A WRE Sormed on
h -hol . h -hole ' ,
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voltages to He REQHgR -ﬁew%ﬁﬁﬁﬁ%%éﬁb@%é%é’ﬁ'%ﬁ@i fhpprface of the

semiconductor unit 100 by the upper protection substrate 110. The through-holes 113 are located

substantiallyg epnéerS B thethecyEeh B¢ aeatertionirgas 502, Thiaaedikis wandiipmeters of

them are preferably smaller than dimensions of the through-hole connection areas 10a, 10b and 10c,

and it shoulbleeababstahtnal | ot lexaamvle. ¢D8C0] ¢ patahisatraBatiatent, the stoppers 115 are

provided to restrain the displacement of the moving unit 50 in the z-direction other than torsion
direction. Thierstagpehol ¢ Tarmecivole dreabitds theaegiensadtitiverst aoeag\rdrap@tions of the
recess 112a above the regions of the moving frame 3 where two of the first hinges 5 are respectively
connected. hexpepivinesaayeoeialpsed 1 arcagignrs ficehejiaeisamenalectedess 112a to

protrude toward the center axis of the swing motion of the moving unit 50. The stoppers 115 are
formed so tRAL YIRS A assidbe thr apaiaeal © ernesthory & easol b dOBe first hinges

5 when it dEBI(iC s. Therefore, it is possible to prevent the trouble of breakage of the first hinges 5 by
contacting (@Iﬁ)@ @thQ%Q%% kR HEGHPOnit 50. In addition, the stoppers 115

are arrangeﬁ??gt not to block the swing motion of the mirror unit 2. Bottom ends of the stoppers 115
serve as co gL portions which can contact the moving unit 50 when the moving unit 50 displaces

in the z-direction. S‘?Tﬁg}&%&gw%%@g?%ﬂ% %@gﬁem @ Sﬁetwévﬁr}#i%i @ﬁ/ﬁ}agls £s about 10

degrees, for examp shapesin-considera pe where the

; N - STOPPEIS 2 . . . i it
dimensions TR0 R T e L BT R 31 8o ave o e
100Rm to 3RPIRAM H'BhIHRIEHRHORSE GHAERHBNS FESEDR I AR PSP URRPIY By tep unit SO by

the stoppers 115 when the moving unit 50 contacts the stoppers 115. In addition, the stoppers 115 are

formed to hpeesgRsAitRaAYt (R BRIPS @RsatN thparaideiicshgiuesh the eletaeedésBanoving unit

50 and it when the moving unit 50 is in a balanced position. In this way, by providing the stopper 115
on the uppeantiterticegiobstatevhl 0lpttrentate tythdolevocgwnattiorita dsdidbersent of the moving

unit 50 in the z-direction, that is, in the direction perpendicular to the semiconductor substrate is
restrained. fioeaddoandywibriamgsto siemdrstansi al ki thielsanieneltatihe paipaiathas
displacement of the mirror unit 2 and the moving unit 50 in the swing motion, the swing motions of the
mirror unit 2RAldahdheoeiegtinEed Jacand cithrkkbe imaving faame 3, and still

another region on which the through-hole connection area 10c is

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

that of the electrodes 4a of the stationary frame 4. Electric

potentials of the through-hole connection areas 10a, 10b and 10c are

variable from outside, which will be described later, and the first

comb tooth electrodes 7 and the second comb tooth electrodes 8 are

driven by varying the electric potentials of these through-hole

12



[0021] The lower protection substrate 120 has a cavity structure similar to the upper protection
substrate 110, and a recess 121 which is graved at a portion corresponding to the moving unit 50 and
the supporting member 9 from the top face, that is, the semiconductor unit 100 side so as not to block
the swing motion of the moving unit 50. [0022] In this embodiment, a stopper 125 is provided on
the lower protection substrate 120 similar to the upper protection substrate 110 to restrain the
displacement of the moving unit 50 in the z-direction other than the torsion. The stopper 125 is

21, In othdrQRIBSLEE S5Eor 925 AOB et SPofirle L 16D ShriRl DA 198 center axis o
21, In other wHtes er 12 | enter a
which can SoHREAL LG8 Bori it VSRR FACOHLS SEARERY den i e SRR "
displ MOV it pQ. : i Vi i
50 suroly wio e o G S oA ge e Von e (R e G pte movine et
displacemeghfyiBeryfingr@elians! hoHmaing oeibAR EUCEHRANY indingesiamisne x-direction is

set to be about 100ttm to 400ttm. In addition, the stopper 125 is formed to have a gap about 10Rm to
30Rm in theytdiresiastReiveeenliey@ayipt call 6A areds whebly Vet Rg EsitSeHe ifi fae balanced

state. Since the stopper 125 is provided near to the moving unit 50, the displacement of the moving
unit 50 in theorriyreotieh, ¢hetisotiesdirerignire sevshtl eombh®etmelentrotiesBhbstrate is

restrained. In addition, since the stopper 125 is formed in consideration with the scope of the
displacemeadlith thersvtingsa dhivecf dgeonsvdfgt heitsil | dgesappdi cadtion af éasaoeing unit 50 in the
normal driving is never blocked. Besides, a dimension of protrusion of the stopper 125 may be
modified préel@eciicabiyepsi@terkbyxissaiomareastact dimpd bedsencihasdbear 9 or the
thickness of the supporting member 9 so as to restrain the quantity of the displacement of the moving

unit 50 effe@NRFOMPEIRE DESWEREAE R AMBEIQT 9t 2@0RE0® MY tRgiasre &upporting

member 9 is thin, it is preferable to form the stopper 125 so as not to blgck the swing motions of the
mirror unit SRS BEWEO AR TIRVANE ARG A S PALRIEE Y Y i 50

displaces In S Rt e el G 20h T e SogRpPers 1o
[0019]

The upper protection substrate 110 and the lower protection
substrate 120 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 4. The upper protection substrate 110 has a joint
portion 111 which is joined to the stationary frame 4, alight
transmission portion 112 located above the moving unit 50, and three
through-holes 113 respectively formed at positions corresponding to
the through-hole connection areas 10a, 10b and 10c. Asshown in
FIG. 3, the light transmission portion 112 has a cavity structure, and a
recess 112a which is graved from the bottom face side, that is, the
semiconductor unit 100 side is formed so as not to block the swing
motion of the moving unit 50. Two stoppers 115 are formed on the

recess 112a. The through-holes 113 are formed so that the

13



[0023] In addition, since the upper protection substrate 110 and the lower protection substrate 120
protect internal semiconductor unit 100, it is sufficient to select the thickness about 0.5mm to 1.5mm,
but it is preferable to be about 0.6mm, for example, in consideration with the size after the joining. In
addition, it is preferable to select the depths of the recesses 112a and 121 to be about 0.3mm, for
example, so as not to block the swing motion of the moving unit 50. [0024] Furthermore, it is
preferable that the upper protection substrate 110 should be a glass substrate because of the light

Pyrox (o0 SO R DG -oh APy 1R AR AL FL SR ORE S Ean be jomed
iiv with icon. 7 o . al

orotection ST A b sdet ke e B Pttt B SRt S S8l hores 113
4 1h . . al b . . etchi

?nnetk:og f)ﬁ%%ﬁ#é %%wnﬂgd |tit'§ﬁ ,I%g' @(?r'stl;]e o@%@:ﬁ%’g gﬁ%s?ﬁaﬂgqg?f@%%%ts{ggbsetﬁt?gan

be used singé}(,té) p%ﬁcgw%@tﬁ)]égpﬁg%%ﬁﬁggg Wfﬁ@aﬂﬁl‘&g%ﬁ URBRE protection

substrate 110 and the lower protection substrate ited to this. In addition, the stoppers

115 and the-siepaefi bPparexsPedarmen aifomaeiaoliffereneiial e abibig anAgeies of the

upper protection substrate 110 and the lower protection substrate 120 each, and they may be joined to

the main bagehefttheougieholdatinnectiomnsts 649 Ed, tholoaed droteoiinil ewmitatintR0. As for

the upper protection substrate 110, it should be configured that at least the light transmission portion
112 is formédetepiaeeaivthiersean cansiudtight heta k3G dlyet keauppebproédghorcanning mirror
1. On the other hand, since the lower protection substrate 120 is not required the transparency other
than the uppebptoaéetibhGubstfaget DIoLigbahalesddid @il ocaiadtstistank ab yildon which is
easyto P centers of the through-hole connection areas 10a, 10b and 10c , and

diameters of them are preferably smaller than dimensions of the

through-hole connection areas 10a, 10b and 10c, and it should be

about 0.5mm, for example.

[0020]

In this embodiment, the stoppers 115 are provided to restrain

the displacement of the moving unit 50 in the z-direction other than

torsion direction. The stoppers 115 are provided to protrude toward

the stationary frame 3 from portions of the recess 112a above the

regions of the moving frame 3 where two of the first hinges 5 are

respectively connected. In other words, the two stoppers 115 are

respectively provided on the recess 112ato protrude toward the center

axis of the swing motion of the moving unit 50. The stoppers 115

are formed so that the moving unit 50 does not approach to the first

hinges 5 not to contact the first hinges 5 when it displaces.

Therefore, it is possible to prevent the trouble of breakage of the first

hinges 5 by contacting the stoppers 115 in the displacement of the

14



[0025] Subsequently, the motion of the light scanning mirror 1 is described. The first comb tooth
electrodes 7 and the second comb tooth electrodes 8 respectively serve as so-called perpendicular
electrostatic combs, so that the mirror unit 2 is driven by generating driving forces at predetermined
driving frequencies by the first comb tooth electrodes 7 and the second comb tooth electrodes 8. The
first comb tooth electrodes 7 and the second comb tooth electrodes 8 are driven by varying the electric
potentials of the electrodes 2a and the electrode 4a periodically in a state that the electrodes 3a and

forces, In (1RSI H i) SN G, OB OBRCER A oLy EhATHES SEoAS B tooth
vottages of AAGRAT wAULioe o O RTE BEa UREE iR IR SRAY HBing hame :
formed as :%fg@%i)grt\%gag&lgé %%%Hi%ﬁﬂaijggggﬁgmir&?é erc@ﬁfaﬁ& édue to occurrence

of internal e time of forming In ma ore en the first comb

e O e

6 serving assipRECfABOMAHE MR [VIBHRDtINE AREPIENINGIETD) McedAvRle with swing
angles about 10 degrees, for example, the stoppers 115 are formed as
shapes in consideration with a scope where the mirror unit 2 and the
moving unit 50 displace in the swing motion. For example, itis
formed that dimensions in the x-direction are to be 100pum to 400um,
and dimensions in the y-direction are to be 100pum to 300um. Lower
limits of these dimensions are set to enable to support the moving unit
50 by the stoppers 115 when the moving unit 50 contacts the stoppers
115. In addition, the stoppers 115 are formed to have gaps of about
10pum to 30pum in the z-direction between the top face of the moving
unit 50 and it when the moving unit 50 isin a balanced position. In
this way, by providing the stopper 115 on the upper protection
substrate 110 proximate to the moving unit 50, the displacement of
the moving unit 50 in the z-direction, that is, in the direction
perpendicular to the semiconductor substrate isrestrained. In
addition, by forming the stoppers 115 in consideration with the scope
of the displacement of the mirror unit 2 and the moving unit 50 in the
swing motion, the swing motions of the mirror unit 2 and the moving
unit 50 are never blocked in normal driving.
[0021]

The lower protection substrate 120 has a cavity structure

15



Subsequently, when the driving forces of the second comb tooth electrodes 8 are released in a state
of the mirror unit 2 takes a posture that the electrodes 2a and the electrodes 3a completely overlap,
the mirror unit 2 continues to rotate while twisting the second hinges 32 by inertia force thereof. When
the inertia force of the mirror unit 2 in a rotational direction becomes equal to the restitution forces of
the second hinges 6, the rotation of the mirror unit 2 in the direction stops. At this time, the second
comb tooth electrodes 8 are driven again, and the mirror unit 2 starts to rotate in the opposite direction

cecirodes ST BTG GHLAES) AL S SLEARATOIE B RS Rl o of he

d com d itut] fth ' , ing f
ropoats tho R IMICAL AL B B h g EeD oo o T S LR S e voctinon
repeats the RO HE 5 e SOt st coln 501 e e restiution
with the SuSE RS e R L O e B b eners.
swings entifgly arﬁbt@?owéw@s%gg?@tsr%mhé ity MBESH aRE ROV (Rfeats

two-dimensional swing motion. [00
50.

[0022]

In this embodiment, a stopper 125 is provided on the lower
protection substrate 120 similar to the upper protection substrate 110
to restrain the displacement of the moving unit 50 in the z-direction
other than the torsion. The stopper 125 is provided only one to
protrude as a rib shape along the swing axis of the first hinges 5 in the
recess 121. In other words, the stopper 125 is provided to protrude
as the rib shape toward the center axis of the swing motion of the
moving unit 50. A top end of the stopper 125 serves as a contacting
portion which can contact the supporting member 9 displacing
integrally with the moving unit 50 in the displacement of the moving
unit 50. A shape of the stopper 125 is set so as to support the
moving unit 50 surely when the moving unit 50 contacts thereto in
consideration with the scope of the displacement in the swing motion
of the moving unit 50. For example, a dimension in the x-direction
is set to be about 100um to 400pum. In addition, the stopper 125 is
formed to have a gap about 10pum to 30um in the z-direction between
the moving unit 50 and it when the moving unit 50 isin the balanced
state. Since the stopper 125 is provided near to the moving unit 50,
the displacement of the moving unit 50 in the z-direction, that is, the

16



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 mirror unit 2 and the
second hinges 6. 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 mirror unit 2, the moving frame 3, the supporting member 9 and the first hinges 5.
Thereby, the mirror unit 2 is configured to be driven with resonance phenomenon so as to enlarge the

comb tooh HECHHEPPERETAL S iR RSDIk STB Rl S Rb I TE A move, it my
that e e e S GHB oA 2 b rea Tk S A R R S e

I d | ight: [ [
01 s descrT s Ot i et et MO RO B R R g AT oo ™
cross-scciqfl RN ORBERFION HEHASANY Ll P09 PURTTAMA BAfing Fibyagdaton fims

are formed on both of top and bottom faces of an SOI substrate 200 in a diffusion furnace of oxygen

and a steamICIeIeTB i ed) SURTRINSON of (I (PO TEEChSECTES pregot
Irs

lithography in the shapes of the moving unit 50, the first hinges 5 and the second hinges 6 on a
surface of the: eriddifaedilpr épaialiynedreasptmdiang o existivri@otayendhastienadist silicon layer

200a. After that, regions of the oxidation film 220b which is not masked by the resist is removed by
RIE (Reactitied soimporitigigs mesrtiberxfose the tbycasessiod filw siippoldyeg a0esribeyhch the
moving unit 50 and so on are not formed, and the resist is removed in oxygen plasma (FIG. 5). An
aluminum fig@ RSbeniestsal théhepordantotyheffitbesticm agpmend bR menhgGuRiium, for
example. The aluminum film is formed so that a thickness thereof becomes about 5,000 angstrom, for
example. TREhEHIRStHeading WieRt (R sRpesikag syemAsnifsgmehpraw ARt iohti8med to
remove a portioEé)f the ?I minum film other than the irrohface. 20, and thea[ﬁsist is.removed (FIG. 6).
Thereby, thE LG SR fSipRQyting member 9 isthin, it Is preferable to form

the stopper 125 so as not to block the swing motions of the mirror
unit 2 and the moving unit 50 and not contact the first hinges 5 when
the moving unit 50 displaces in the z-direction, similar to the stoppers
115.

[0023]

In addition, since the upper protection substrate 110 and the
lower protection substrate 120 protect internal semiconductor unit
100, it is sufficient to select the thickness about 0.5mm to 1.5mm, but
it is preferable to be about 0.6mm, for example, in consideration with
the size after the joining. In addition, it is preferable to select the
depths of the recesses 112a and 121 to be about 0.3mm, for example,
so as not to block the swing motion of the moving unit 50.

[0024]

Furthermore, it is preferable that the upper protection substrate

110 should be a glass substrate because of the light transparency and
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[0029] 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 lon 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 unit
50, the first hinges 5, the second hinges 6 the first comb tooth electrodes 7 and the second comb

tooth electrodes 8 are for ed on flr Ia er 200a. Simultaneously, the trenches 101a are
formed m a8 EASESE KOS SHIGRH 28 00 ok BRI to bo the

Zecond o .“&i%ﬂi%ﬁsﬁ@&'@a&eﬁ%ﬁéﬁ%*%gf e T e O e
o the Tt SR I 2 H0a AP T e S T e o example.
First, a resigy I%%%r'?t%gtfﬁ@%%é‘ %iﬁ?ﬁg B8 REGHIO M L7R6) U’(ﬂ@@‘i‘ﬁ"ﬁﬁ’esglr&e of the

second silicon layer 220b by photo’lithography. The resist 232 is formed in shapes Corresponding to

the supporting SrendcheatalivprsieamodnByebe foipnad| Fegriiiien film 220b in which
the resist 232 is not formed is etched by RTE and the exposed second silicon layer 200b is graved by

D-RTE (FIGng] utishisgineecss Berandrwditroager- Ao0essldG aritoltbestopjatienFil® 220 due to

the difference of the etching rates, similar to the above, and the oxidation film 220 is rarely etched.
After that, thel thsissi Peptiseghass sulbstnagerbylavakdingddéitiodt lnenpdingpniigiited that the resist
232 is removed during etching of the second silicon layer 200b, and in that case, manufacturing
processes &ifiégimpsited mirbkasidretbrthosdinladelidiqst asiiekibss| 6fves resist 232

corresponding to the supporting member 9 so that the su portln member 9 is etched a little when the

etching is cBARESLDRARY BRIEALRLPAIKADISES s $hHibae AR, (0031]
upper protection substrate 110. Besides, the materials of the upper

protection substrate 110 and the lower protection substrate 120 are not
limited to this. In addition, the stoppers 115 and the stopper 125
may be formed of a material different from that of the main bodies of
the upper protection substrate 110 and the lower protection substrate
120 each, and they may be joined to the main bodies of the upper
protection substrate 110 and the lower protection substrate 120. As
for the upper protection substrate 110, it should be configured that at
least the light transmission portion 112 is formed of a material which
can transmit light beams to be scanned by the light scanning mirror 1.
On the other hand, since the lower protection substrate 120 is not
required the transparency other than the upper protection substrate
110, it can be configured of a material such as silicon which is easy to
process.
[0025]

Subsequently, the motion of the light scanning mirror 1is

18



Subsequently, the oxidation film membrane 220 exposed below the semiconductor unit 100 is
removed by RIE. Thereby, the moving unit 50 and the mirror unit 2 become swinagble through the first
hinges 5 and the second hinges 6. 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 3 insulated and divided by the trenches 101 are joined. In
addition, the oxidation film 220b on the surface of the second silicon Iayer 200b IS removed,

232 above AFHIRSthe LG L0 A Cr0SHD. RSP G b G PBFAA0 Eabioonductor
' , th dtoth
cemicondusB TN o0 Th 0 e eUER %ﬁﬁéﬁé@&?ﬁéﬁﬁ‘%ﬁ 55 Substrates a6
h d

ihe SOT SO0 T it S ey I 2 on b WA Oy
The joining @fﬂfﬁ@%%&% REATIARA ARy 1ARaNederdew iHaprEn Brhpirate 120 are

performed so that the upper protection substrate 110 |s Joined to top sid of the semiconductor unit

100 first in ¢pp$iIQROMES T UAEiENeOsden MM EBids e GOt ANE Exdriores Boteqtiea fiykptrate 120 is

joined to the bottom side of the semiconductor unit 100 afterword. In the joining process of the upper

protection sgpritatdll, dhecttatiesubsirade heweocbritleosetssddda dmtthedes8drdoles 113 are
formed is superposed on the SOT

driven by varying the electric potentials of the electrodes 2a and the

electrode 4a periodically in a state that the electrodes 3a and 3b are

connected to the standard electric potential, for example, so that they

generate electrostatic forces. In thislight scanning mirror 1, 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.

[0026]

The mirror unit 2 and the moving frame 3 formed as above do
not take level postures and are inclined alittle 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 mirror unit
2 in the direction substantially perpendicular to it, and thus, the

mirror unit 2 rotates around the second hinges 6 serving as the

rotation axis while twisting the second hinges 6, for example.

Subsequently, when the driving forces of the second comb tooth
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substrate 200 of the semiconductor unit 100 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 glass substrate and the SOT substrate 200 became desired temperature, a voltage of about
400V to 800V with respect to the silicon layer, that is, the first silicon layer 200a of the SOT substrate

20 minutes B0 DR BHE L EARHD I ool S S TBEUT0 A b K P G uctor uni

. After jQjni e estion s Igwer iqn S is joined to the

second s SRR AR B et o R YR, YE%oe above (FiG.
’ h . . ror ) A | ninia method i
ot imited 4 I0EO S s e U e e R R P o To0sa)
As mentiongg ahRYR SRR EEIRRACCMR/I G e AWRLHBR BrthRE HTAIOR/f restrained by

the stoppers 115 and 125 in this embodiment, it is possible to prevent the breakage of the first hinges

5 and to enfiarepdhig RSN URrEUtBNBdEhi ReRBAINE BT R ULIeN ddreesastiadlehock is

applied to the light scanning mirror 1 from outside. Since the stoppers 115 and 125 are formed to
protrude toweobtie lhinigestae gvenmradton ef Whhilisoacamentiof tie ot onitstéps.small in

the displacement of the moving unit 50, it is possible to configure the stoppers proximate to the moving
unit 50, andA¢ thssrsimbettisgecendrcaitbd onibire) eclit 60ds tharedirvimn agiaiaivatyd Since the
stoppers 115 and 125 are disposed above and below the moving unit 50 in this embodiment, effect to
enhance théhgdshivorthiynia s atisaleetoéate iteliie opposite direction by the

restitution forces of the second hinges 6 and the driving forces of the

second comb tooth electrodes 8. The mirror unit 2 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 6.

The moving frame 3 repeats the rotation due to the driving forces of

the first comb tooth electrodes 7 and the restitution forces of the first

hinges 5, similar to the swing motion of the mirror unit 2, and thus, it

swings integrally with the supporting member 9. At thistime, the

moving unit 50 including the supporting member 9 swings entirely,

and the posture of the mirror unit 2 varies. Thereby, the mirror unit

2 repeats two-dimensional swing motion.

[0027]

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 mirror unit 2 and
the second hinges 6. In addition, the first comb tooth electrodes 7
are driven by being applied the voltages having a frequency about two

20



[0035] 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 115 and the stopper 125 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. In addition, the light
scanning mirror is not limited to biaxial gimbals type in the above mentioned embodiment, and, it may

face 15 oA GHER By SHREAC o GBS A D LA B i case, by forming
croehwortng ST P el s SRR St R ML prctecton

Gisposed ot Rk e R LU chit 100 e e 2T S e moving uni
When the StoRfg i RERING PREAPD&T I AFIfesHiaAEe BFRINBAMGH BT SoPH8 e ) igrtie z-direction

can be restrained by the stoppers, and thus, it is possible to prevent the breakage of the hinges and to

enhance thetsasiiyRitanghtlk hesresimorentagl gRiveO g wele el KA Bnharmheinaledsilicon

substrate or a metal plate other than the SOT substrate, the driving forces to swing the mirror unit 2

and the mofregiuehci@sel tireelasitragtsiofaricest aaiingorabvesot Aatieentoriss /eigutyomagnetic

forces, electrostriction forces or heatstriction forces instead of the electrostatic forces acting between
comb toothtdlecsemtzsd loamp daxet HheliectrddebSsavppent bmhiegdtocthiealbobearate to protrude
toward the axis of the swing motion of the moving unit, it is possible to restrain the displacement of the
moving unitTiadh&e-epetiighy edd falisheidposspley el ngesrare appied RS théstird@s and to
enhance the crashworthy of the semiconductor unit. [0036] Still furthermore, the present invention

is not limiteW@/# [@F8Ea i MaYoPRAMTY 19 HIAGhActhrsekeChbit BesARY! akwid ith@dely
At respecoIE S AR, Al A R TSP P G RSB M ate. 1 other
ctoppers oS P B R TR 4P iast one face of the semiconduUoior subelate to
restrain a d'[mment of the moving unit in a direction perpendicular to the semiconductor substrate.
Manufacturing processes of the light scanning mirror 301 is

described below with reference to FIG. 4to FIG. 9. In addition, FIG.

4 to FIG. 9 are cross-sectional views of the region substantially the

same region shown in FIG. 3. 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. 4). Subsequently, a

resist (not illustrated) is patterned by photo lithography in the shapes

of the moving unit 50, the first hinges 5 and the second hinges 6 on a

surface of the oxidation film 220b formed on atop face of an

activation layer, that is, afirst silicon layer 200a.  After that, regions

of the oxidation film 220b which is not masked by the resist is

removed by RIE (Reactive lon Etching) so as to expose the regions of

the first silicon layer 200a in which the moving unit 50 and so on are
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[BRIEF DESCRIPTION OF THE DRAWINGS] [0037] [FIG. 1]Perspective view showing a light
scanning mirror which is a semiconductor mechanical structure in accordance with an embodiment of
the present invention [FIG. 2](a) is a perspective view showing an upper side of the light scanning
mirror, and (b) is a perspective view showing a lower side of the light scanning mirror.

not formed, and the resist is removed in oxygen plasma (FIG. 5). An
aluminum film is formed on the top face of the first silicon layer 200a
by sputtering aluminum, for example. The aluminum filmisformed
so that a thickness thereof becomes about 5,000 angstrom, for
example. Then, after pattering aresist (not illustrated) by photo
lithography, the RIE is performed to remove a portion of the
aluminum film other than the mirror face 20, and the resist is removed
(FIG. 6). Thereby, the mirror face 20 is formed.

[0029]

After forming the mirror face 20, aresist 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 lon 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 unit 50, the first hinges 5, the
second hinges 6, 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 aregion to be the
moving unit 50, and, the trenches 101b are formed in aregion to be
the stationary frame 4 (FIG. 7). Theresist 230 isremoved it in
oxygen plasma.

[0030]
Subsequently, a second silicon layer 200b (bottom face side) of
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[FIG. 3]A-A sectional view in FIG. 2(a) [FIG. 4]Cross-sectional side view in a manufacturing process of
a semiconductor unit of the light scanning mirror [FIG. 5]Cross-sectional side view in the
manufacturing process of the semiconductor unit of the light scanning mirror [FIG. 6]Cross-sectional
side view in the manufacturing process

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, aresist 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
232 is formed in shapes corresponding to the supporting member 9
and the stationary frame 4. Then, regions of the oxidation film 220b
in which the resist 232 is not formed is etched by RIE and the
exposed second silicon layer 200b is graved by D-RIE (FIG. 8). 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
isremoved in oxygen plasma. In addition, it may be configured that
the resist 232 is removed during etching of the second silicon layer
200b, 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 alittle when the etching is completed, and thus,
the thickness of the supporting member 9 is made smaller.

[0031]

Subsequently, the oxidation film membrane 220 exposed below
the semiconductor unit 100 is removed by RIE. Thereby, the moving
unit 50 and the mirror unit 2 become swinagble through the first
hinges 5 and the second hinges 6. In addition, thereby, the
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of the semiconductor unit of the light scanning mirror [FIG. 7]Cross-sectional side view in the
manufacturing process of the semiconductor unit of the light scanning mirror [FIG. 8]Cross-sectional
side view in the manufacturing process of the semiconductor unit of the light scanning mirror [FIG.
9]Cross-sectional side view in the manufacturing process

supporting member 9 consisting of the oxidation film 220 and the
second silicon layer 200b is formed below the trenches 101ain a state
that a plurality of regions of the moving frame 3 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 semiconductor unit 100 is completed
by removing the resists 230 and 232 above and below the
semiconductor unit 100.

[0032]

After completion of the semiconductor unit 100, the upper
protection substrate 110 and the lower protection substrate 120 are
joined to the semiconductor unit 100. In this embodiment, it is
described the case of using the glass substrates as the upper protection
substrate 110 and the lower protection substrate 120. The glass
substrates and the SOI substrate 200 can be joined easily and surely
by the anode joining, for example.

[0033]

The joining processes of the upper protection substrate 110 and
the lower protection substrate 120 are performed so that the upper
protection substrate 110 is joined to top side of the semiconductor
unit 100 first in consideration with protection of the mirror face 20
and the lower protection substrate 120 is joined to the bottom side of
the semiconductor unit 100 afterword. In the joining process of the
upper protection substrate 110, the glass substrate to which the recess
112a and the through-holes 113 are formed is superposed on the SOI
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of the semiconductor unit of the light scanning mirror [LIST OF MARKS] [0038] 1 light scanning mirror
(semiconductor mechanical structure) 4 stationary frame

substrate 200 of the semiconductor unit 100 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
glass substrate and the SOI substrate 200 became desired temperature,
a voltage of about 400V to 800V with respect to the silicon layer, that
IS, the first silicon layer 200a of the SOI substrate 200 to be joined is
applied to the glass substrate. By keeping the state of applying the
voltage in about 20 minutes to 60 minutes, the upper protection
substrate 110 properly joined to the semiconductor unit 100. After
joining the upper protection substrate 110, the lower protection
substrate 120 is joined to the second silicon layer 200b of the
semiconductor unit 100 by the anode joining similar to the above (FIG.
9), so that the light scanning mirror 1 shown in FIG. 3 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.

[0034]

As mentioned above, since the displacement of the moving
unit 50 in the z-direction is restrained by the stoppers 115 and 125 in
this embodiment, it is possible to prevent the breakage of the first
hinges 5 and to enhance the crashworthy of the light scanning mirror
1 even when a mechanical shock is applied to the light scanning
mirror 1 from outside. Since the stoppers 115 and 125 are formed to
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5 first hinges (hinges) 50 moving unit 110 upper protection substrate (protection substrate) 120 lower
protection substrate (protection substrate) 200 SOI substrate (semiconductor substrate) [CLAIMS]
[Claim 1]

protrude toward the axis of the swing motion at which displacement
of the moving unit 50 is small in the displacement of the moving unit
50, it is possible to configure the stoppers proximate to the moving
unit 50, and to restrain the displacement of the moving unit 50 in the
z-direction effectively. Since the stoppers 115 and 125 are disposed
above and below the moving unit 50 in this embodiment, effect to
enhance the crashworthy can be obtained effectively.

[0035]

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 115 and the stopper 125 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.
In addition, the light scanning mirror is not limited to biaxial gimbals
type in the above mentioned embodi ment, and, it may be one which
can swing around a single axis having a structure that a moving unit
to which amirror 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 protrude an axis of swing motion of the
moving unit, the crashworthy of the light scanning mirror can be
enhanced, similarly.  Still furthermore, the protection substrate may
be joined to at least one face of the semiconductor unit 100, and the
stoppers may be disposed at least a side of the semiconductor unit 100
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A semiconductor mechanical structure wherein a moving unit, twin hinges constituting an axis of swing
motion of the moving unit wherein an end of each hinge is connected to the moving unit, and a
stationary frame to which another end of each of the twin hinges is connected and which supports the
hinges are formed on a semiconductor substrate, and the moving unit is configured with respect to
the stationary frame while twisting the twin hinges, characterized in that a protection substrate for
protecting the moving unit is joined to at least one face of the semiconductor substrate; and the

pr:qrco)\t/(;:‘r(]:g(zjr;] ittéjit@r%t{ sto éeﬁr’T formed to ﬁ%&fﬂ%dﬁ?ﬁf%d dﬁ@ Ir;[ﬁ(ézﬁls oh%évj %%motlon of the
semiconduciol BRI 8%%5 Y ST dip MBRUmAL e ARG SR Yih claim 1.
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 100 may be a
single silicon substrate or a metal plate other than the SOI substrate,
the driving forces to swing the mirror unit 2 and the moving unit 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 unit, it is possible to restrain the displacement of the moving
unit 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.
[0036]

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 mechanical structure that a
moving unit which is configured swingable with respect to a
stationary frame by twin hingesis formed on a semiconductor
substrate. In other words, it is possible to enhance crashworthy of
the semiconductor mechanical structure by providing stoppers on a
protection substrate provided on at least one face of the

27



characterized in that the stoppers are formed distant from the hinges so as not to contact the hinges
when the moving unit is displaced.

semiconductor substrate to restrain a displacement of the moving unit
in adirection perpendicular to the semiconductor substrate.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0037]

[FIG 1] Perspective view showing alight scanning mirror which
IS a semiconductor mechanical structure in accordance with an
embodiment of the present invention

[FIG. 2] (a) is a perspective view showing an upper side of the
light scanning mirror, and (b) is a perspective view showing alower
side of the light scanning mirror.

[FIG. 3] A-A sectional view in FIG. 2(a)

[FIG. 4] Cross-sectional side view in a manufacturing process of
a semiconductor unit of the light scanning mirror

[FIG. 5] Cross-sectional side view in the manufacturing process
of the semiconductor unit of the light scanning mirror

[FIG. 6] Cross-sectional side view in the manufacturing process
of the semiconductor unit of the light scanning mirror

[FIG. 7] Cross-sectional side view in the manufacturing process
of the semiconductor unit of the light scanning mirror

[FIG. 8] Cross-sectional side view in the manufacturing process
of the semiconductor unit of the light scanning mirror

[FIG. 9] Cross-sectional side view in the manufacturing process
of the semiconductor unit of the light scanning mirror

[LIST OF MARKS]

[0038]
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1 light scanning mirror (semiconductor mechanical structure)
4 stationary frame

5 first hinges (hinges)

50 moving unit

110 upper protection substrate (protection substrate)

120 lower protection substrate (protection substrate)

200 SOl substrate (semiconductor substrate)
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[CLAIMS]
[Claim 1]

A semiconductor mechanical structure wherein a moving unit,
twin hinges constituting an axis of swing motion of the moving unit
wherein an end of each hinge is connected to the moving unit, and a
stationary frame to which another end of each of the twin hingesis
connected and which supports the hinges are formed on a
semiconductor substrate, and

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

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

the protection substrate has stoppers formed to protrude toward
a center axis of swing motion of the moving unit, and thus,
displacement of the moving unit in a direction perpendicular to the
semiconductor substrate is restrained.

[Claim 2]

The moving structure in accordance with claim 1,

characterized in that the stoppers are formed distant from the hinges

S0 as not to contact the hinges when the moving unit is displaced.
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