MOVI NG STRUCTURE AND M CRO-M RROR DEVI CE USI NG THE SAME [ DETAI LED
DESCRI PTION OF THE | NVENTION] [Field of the Invention] [0001] The
present invention relates to a noving structure which swings a noving plate
pi voted by hinge units around a rotation axis, and a mcro-mrror device
for light scanning which scans |ight using the noving structure.
[ Background Art] [0002]

MOVING STRUCTURE AND MICRO-MIRROR DEVICE

USING THE SAME

[DETAILED DESCRIPTION OF THE INVENTION]
[Field of the Invention]
[0001]

The present invention relates to a moving structure which
swings a moving plate pivoted by hinge units around a rotation axis,
and a micro-mirror device for light scanning which scans light using
the moving structure.

[Background Art]
[0002]

Conventionally, there are some optical instruments such as
bar-code readers or projectors that a micro-mirror device is mounted
thereon to scan light beams by swinging a moving plate to which a
mirror is provided and reflecting the light beams incident to the
mirror to desired direction exist. Such a micro-mirror device is one
to which a miniature moving structure formed by so-called
micro-machining technology is mounted, and a moving plate is held
by a pair of beam shaped hinge units supported by circumferential
frame unit. The moving plate receives driving forces such as
magnetic forces or electrostatic forces, and swings with twisting the
hinge units using the hinge units as a rotation axis.

[0003]

By the way, in the above mentioned moving structure, there



Conventionally, there are sone optical instruments such as bar-code readers
or projectors that a mcro-mrror device is nounted thereon to scan |ight
beans by swinging a noving plate to which a mrror is provided and
reflecting the light beanms incident to the mrror to desired direction
exist. Such a mcro-mrror device is one to which a mniature noving
structure formed by so-called mcro-machining technology is nounted, and a
noving plate is held by a pair of beam shaped hinge units supported by
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level, so that various kinds of shapes which enable to reduce torsional

rigidity of the hinge units are considered.
[0004]

For example, a patent document 1 discloses a technology to
form a cross-sectional shape of the hinge units to "X shape". In
addition, a patent document 2 discloses a technology to form the
hinge units by two supporting rods which are obliquely disposed to
face each other with a space,

[Patent Document 1] JP 2002-321196A

[Patent Document 2] JP 2003-15064A
[Disclosure of Invention]

[Problems that the Invention is going to Solve]
[0005]

In order to increase the stability of the swing motion of the
moving plate mentioned above, it is effective to increase the

resonance frequencies in the "in-plane translation mode", the



[ Patent Docunent 2] JP 2003- 15064A [Di scl osure of Invention] [Problens that
the Invention is going to Solve] [0005] In order to increase the
stability of the swing notion of the noving plate nentioned above, it is
effective to increase the resonance frequencies in the "in-plane
transl ati on node", the "in-plane turn node", the "out-of-plane
transl ati on node" and the "out-of-plane turn node", and thus, it is
necessary to increase tensional rigidity and flexural rigidity of the hinge

uni ts suffincpRritd yurnHaMRIEY, then' diheof-pthneltegyslatiomnniodd hendlibee pat ent
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tensional rigidity and the flexural rigidity decrease simultaneously, so

that it cannot increase the stability of the swing motion of the moving
plate. In addition, the hinge units shown in the patent document 1 is
not suitable for the optical instruments such as the bar-code readers or
the projectors which are based on the premise of mass production
because it is difficult to obtain the design objective rigidity
characteristics due to complex manufacture processes and problems in
processing precision.

[0006]

The present invention is conceived in consideration of the
above mentioned problems and purposed to provide a moving
structure which enables to increase a quality of an image of an optical
instrument or the like at a popular price by manufacturing the hinge
units having desired rigidity characteristics in simple processes.
[Means to solve the Problems]

[0007]

For achieving the above mentioned purpose, the invention of
claim 1 relates to a moving structure comprising a moving plate,
beam shaped hinge units which pivot the moving plate swingably, and

a frame unit which supports the hinge units, wherein each of the hinge



[ 0006] The present invention is conceived in consideration of the
above nentioned probl ens and purposed to provide a noving structure which
enables to increase a quality of an inmage of an optical instrunment or the

| i ke at a popul ar price by manufacturing the hinge units having desired
rigidity characteristics in sinple processes. [Means to solve the Probl ens]
[ 0007] For achi eving the above nentioned purpose, the invention of
claiml relates to a noving structure conprising a noving plate, beam

shaped hinges %%ist§lm&hsl@éﬁ@habrﬂﬁgWhﬂgupﬂ%@ﬁt%%%dgfﬁﬁd/crm‘si)i@céﬁ ame unit
whi ch supports the hinge units, wherein each of the hinge wunits has a

![ ﬁgd?\r/vi ﬁk@ﬁgggéﬁé&gv%égﬁdgh@Fg@ggs?ilj&rm%sr@@g crosspi eces bridged between
[0008]

The invention of claim 2 relates to the moving structure
described in claim 1, wherein upper faces and lower faces of the twin
supporting rods and the crosspieces in thickness direction are
respectively formed on the same levels as those of the moving plate.
[0009]

The invention of claim 3 relates to the moving structure
described in claim 1 or 2, wherein the twin supporting rods are not
disposed in parallel with each other in planar view.

[0010]

The invention of claim 4 relates to the moving structure
described in one of claims 1 to 3, wherein the crosspieces are not
disposed perpendicular to the supporting rods.

[0011]

The invention of claim 5 relates to the moving structure
described in one of claims 1 to 4, wherein each of the hinge units has
a first end portion coupled to the moving plate and a second end
portion coupled to the frame unit, and fillets are formed at coupling
corners of the first end portion and the moving plate and at coupling
corners of the supporting rods and the frame unit.

[0012]
The invention of claim 6 relates to the moving structure

described in one of claims 1 to 5, wherein fillets are formed at



The invention of claim2 relates to the noving structure described in claim
1, wherein upper faces and | ower faces of the twn supporting rods and the
crosspieces in thickness direction are respectively formed on the sane

| evel s as those of the noving plate. [0009] The invention of claim3
relates to the noving structure described in claiml or 2, wherein the twn
supporting rods are not disposed in parallel with each other in planar

vi ew. [0010] The invention of claim4 relates to the noving structure

descri bedcoiping @drndrgiotbthke $WppPortiierelds 4t tiee esopirieessare not di sposed
per pendi cular to the supporting rods. [0011] The invention of claimb5

rel ates tp@ig) noving structure described in one of claims 1 to 4, wherein
each of the hi'nge units has a first end portion coupled to the noving plate

and a second englhpqhkiefi diPBPIAAith7 tBRES A% Hifcko-rANidof iddvate are for med

at coupling corners o Irst end portion and the noving plate and at
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The inve aim € noving structure describéd in one

of claims, 1119 a2acteI& T thid B1S n%sir{é) E:)'ITEL% Rds a mirror for reflecting

light, and electrodes for driving the moving plate swingably are
provided on a mirror portion of the moving plate and a portion of the
frame unit facing it.

[0014]

The invention of claim 8 relates to a micro-mirror device
comprising the moving structure described in claim 2, and
characterized in that the moving plate has a mirror for feﬂecting light,
and electrodes for driving the moving plate swingably are provided on
a part of the moving plate and a portion of the frame unit facing it to
be perpendicular to the moving plate and in parallel with each other.
[Effects of the Invention]

[0015]

According to the invention of claim 1, since the hinge units are
formed as the ladder shape, it is possible to increase the tensional
rigidity and the flexural rigidity of the hinge units sufficiently while
restraining the torsional rigidity of the hinge units by honeycomb
structure of the ladder. Thereby, it is possible to increase the
response and stability of the swing motion of the moving plate, and to
improve quality of images of an optical instrument easily and

inexpensively.



coupling corners of the supporting rods and the crosspieces. [0013]

The invention of claim7 relates to a mcro-mrror device conprising the
novi ng structure described in one of clains 1 to 6, and characterized in
that the noving plate has a mirror for reflecting light, and el ectrodes for
driving the noving plate swingably are provided on a mrror portion of the
novi ng plate and a portion of the frame unit facing it. [0014] The
invention of claim8 relates to a mcro-mrror device conprising the noving
structure[(®s@) i bed in claim2, and characterized in that the noving plate
has a mrror for reflecting |light, and electrodes for driving the noving

pl ate swi ngabl yAcerd rE%"t@'QHeQHVénﬂQM oPlldite 210hoE thkateinand a portion of
the frame unit facing i be perpendi cul ar to the novi ng plate and in
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described in claim 1 can be obtained by simple processes similar to
those of the normal moving structure conventionally exists, and it is
possible to improve the quality of images of the optical instrument
more inexpensively.
[0017]

According to the invention of claim 3, since the twin
supporting rods are not disposed in parallel with each other, it is
possible to increase the flexural rigidity of the hinge unit in
concentrative, so that it is possible to restrain vibrations of the
moving plate in the in-plane translation mode or in the in-plane turn
mode, for example.

[0018]

According to the invention of claim 4, since the crosspieces
are not disposed perpendicular to the supporting rods, it is possible to
increase the tensional rigidity of the hinge unit in concentrative, and
to restrain vibrations of the moving plate in the modes other than in
the torsion mode.

[0019]

According to the invention of claim 5, since the fillets are



[ 0016] According to the invention of claim2, since the twn
supporting rods and the crosspieces are forned on the sane plane as the
noving plate, the supporting rods and the crosspi eces can be forned

si mul t aneously when peri pheral portion of the noving plate is renoved by
dry etching or the like. Thereby, the noving structure described in claim1l
can be obtained by sinple processes simlar to those of the normal noving
structure conventionally exists, and it is possible to inprove the quality
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[0020]

According to the invention of claim 6, sinée the fillets are

formed at the coupling corners of the supporting rods and the

crosspieces, it is possible to disperse stress acting on the coupling
corners. Thereby, it is possible to restrain occurrence of cracks at
the above coupling corners and to increase dﬁrability of the hinge unit
furthermore, when the moving structure will be used for a long time.
[0021]

According to the invention of claim 7, it is possible to obtain
the micro-mirror device superior to response and stability of the
swing motion of the moving plate easily and inexpensively.

[0022] |

According to the invention of claim §, since the twin
supporting rods and the crosspieces are formed on the same level of
the moving plate, and the electrodes for driving the moving plate
swingably are provided perpendicular to the moving plate and in
parallel with each other, it is possible to form the electrodes and the

hinge units of ladder shape simultaneously by removing peripheral

portion of the moving plate and the honeycombed potion of the hinge
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formed in the first end portion and in the second end portion of the hinge
unit, it is possible to disperse stresses acting on the first end portion
and the second end portion. Thereby, it is possible to restrain occurrence
of cracks in the first end portion and in the second end portion and to
increase durability of the hinge unit furthernore, when the noving
structure will be used for a long tine. [0020] According to the
invention of claim®6, since the fillets are forned at the coupling corners

of the suppikthythd edmeapeotdss auesapidgestchihgi s Phesitl,ahkeo di sperse
stress acting on the coupling corners. Thereby, it is possible to restrain
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durability of the hinge unit furthernore, when the noving structure will be
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use dt %] |
it is possi bﬁge}gto obtain t J)mcro-m rror device superior to response and

stability: -sMd.ng notion of the noving plate easily and i nexpensively.
[ 0022] ln%fxﬂ,&'égtl)?%:whg to the invention of claim8, since the twin

vovi ng. pl QYIS O G e DR B IR PAL™ "ot ng bl at ¢ svi ngably are

provi ded dicular to the noving plate and in parallel with each other,
it is pos to formthe el ectrodes and the hinge units of |adder shape
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structure in accordance with a first embodiment of the present
invention will be described below. FIG. 1, FIG. 2 and FIG. 3 show
an example of the rhicro-mirror device in accordance with this
embodiment. The micro-mirror device (hereinafter, abbreviated as
mirror device) | consists of a miniature moving structure which is
formed by processing silicon layers with a manufacturing method
utilizing so-called micro machining technology. The mirror device 1
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).

[0024]

| The mirror device 1 is configured of a triple-layered SOI
(Silicon on Insulator) substrate 11 which is joined a first silicon layer
11a and a second silicon layer 11b each having electro-conductivity

via a silicon oxidation film (insulation film) 11c having insulation

characteristics. A thickness of the SOI substrate 11 is about 400



units by the same process such as dry etching. Thereby, the mcro-mrror
devi ce superior to response and stability of the swing notion of the noving
pl ate can be obtained nore easily and i nexpensively. [Mde for Carrying Cut

the Invention] [0023] A mcro-mrror device for |ight scanning which -
uses a noving structure in accordance with 'a first enbodi ment of the ,
present invention will be described below FIG 1, FIG 2 and FIG 3 show

an exanple of the mcro-mrror device in accordance with this enbodi nent.
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consists of a mniature noving structure which is formed by processing

silicon 'ﬁMﬁFﬁl Mt 8 r8s PR 861 HbbE sERERMIGets! [l Ll 2G5 Seeéral §ehnit] Cr O

machi ni ng technol ogy. The mrror device 1 is to be nounted on an opti cal
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an image on an external screen, or a [ight swt an as a function to
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of atripleylayered SLLJ: . | ns r r.at ich is . joined

a first s'ﬁ"rfq & upgesﬁeggﬁpé éﬁgEgpyg%%ﬁqeﬁtﬁ%}g%sﬁg%ﬁ O%lgg} é%%\ﬂ havi ng

el ectro-co dsgctti vift Vi a silicon oxidation film(insulation film 11c

havi ng i t36n 1Rh &FA8 RS st i cs. A thickness of the SO substrate 11 is

about 400 (Hi']rr], and thicknesses of the first silicon layer 11 a and the
m

i nsul ati o lie are respectively about several tens [p.nm and several

[im, for exanple. The m.rror. device IS rectangul ar solid, device that
an upper face i/ BONSRERALE éyW ,1%Jfg¥m % ﬁqﬁﬁ‘—ﬁtaﬂg ALSAAPG; ew, and

nount ed on the optical,instrunent 8%1-‘“ sposed on .a gl ass substrate, for
exanpl e. for example, twin beam shaped hinge units 3 which are respectively

disposed coaxial in both sides of the moving plate 2, and a frame unit
4 which holds a top end portion of each hinge unit 3 opposite to a
region where the moving plate 2 is provided are integrally formed on
the first silicon léyer 11a. As shown in FIG. 2, a space 40 is formed
in a region of the insulation film 11c and the second silicon layer 11b
below the moving plate 2, and the moving plate 2 is swingably
pivoted by the hinge units 3 and held on the frame unit 4. When the
mirror device 1 is in a static state not driven, it is configured that top
faces of the moving plate 2, the hinge units 3 and the frame unit 4 are
aligned substantially flat.
[0026]

The frame unit 4 is arranged to surround the moving plate 2.
Perpendicular combs (comb tooth electrodes) 5 which generate
driving forces of the moving plate 2 are formed on the moving plate 2
and the frame unit 4. Electrode pads 7a, 7b are formed on the top

face of the frame unit 4 for applying driving voltages to the



[ 0025] A nmoving plate 2 which is formed to be a rectangul ar shape,
for exanple, twin beam shaped hinge units 3 which are respectively di sposed
coaxial in both sides of the noving plate 2, and a frane unit 4 which hol ds
a top end portion of each hinge unit 3 opposite to a region where the
noving plate 2 is provided are integrally formed on the first silicon |ayer
11 a. As shown in FIG 2, a space 40 is fornmed in a region of the
insulation filmllc and the second silicon layer 11 b bel ow t he novi ng

plate 2, MM@HCWWSGS.G 2 is swngably pivoted by the hinge units 3
and held on'the frane unit 4. When the mrror device 1 is in a static state

not driv 027] is configured that top faces of the noving plate 2, the
hinge units 37and the frame unit 4 are aligned substantially flat. [0026]

The frame unit A ect@%ﬁ?}%éﬂhﬁ rs@ SdiendeNg @'s%@t&uﬁquendi cul ar

conbs (conb toot whi ch generate driving forces of the noving
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moving plgtcen er Of r%%ll y o?d[he movmg plate 2 is located in the vicinity of

an axis which is formed by arrangement of the two hinge units 3.

Therefore, the moving plate 2 is rotated around the hinge units 3

serving as the rotation axis while twisting the hinge units 3 when it is

driven to swing by the perpendicular combs 5, so that it is swingable

in a balanced manner. A mirror film (mirror) 2a of a rectangular

shape is formed on a top face of the moving plate 2 for reflecting

light beams incident from outside, for example. The mirror film 2a

is a metal film of such aluminum or gold which is selected

corresponding to a kind of a light source used with the mirror device

1. In addition, the shapes of the moving pléte 2 and the mirror film

2a are not limited to a rectangle, and, it may be a circle or an oval, for

example.

[0028]

The frame unit 4 has supporting portions 4a for supporting the
hinge units 3, and two stationary electrode portions 4b which are
disposed to surround two side end portions of the moving plate 2

which become free ends in swing motion and in which the

perpendicular combs 5 are formed. The supporting portions 4a and
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A center of gravity of the noving plate 2 is located in the vicinity of an
axis which is forned by arrangenent of the two hinge units 3. Therefore,
the noving plate 2 is rotated around the hinge units 3 serving as the
rotation axis while twisting the hinge units 3 when it is driven to sw ng
by the perpendi cular conbs 5, so that it is swingable in a balanced manner.
Amrror film(mrror) 2a of a rectangular shape is formed on a top face of
the noving plate 2 for reflecting Iight beans incident fromoutside, for

exanpl e. theestatiomryféledtald poationkab hird @ledtridadhy ahsufianedneachgol d whi ch
is selected corresponding to a kind of a |light source used with the mrror

devi ce 1.oferasidifé@nntidhershaped firhbe BPyémbvihattheitiedn hgyer rror film
2a are not limted to a rectangle, and, it may be a circle or an oval, for

exanpl e. iP@ﬁ?boundariJ%fftheﬁﬁ | dx %._S%P@Eléd”tgo@@gﬂd%%,@bfor
supporting the hinge units 3, and two stationary el ectrode portions 4b

whi ch ar i ?)%%@i\}egzsfbrrh?éﬁ‘%ntﬂﬁ $h %ﬁgﬂgﬁ%ﬁ@ﬂaa%d fige MOVi Ng plate 2

whi ch become €e en in swng notl t he perpendi cul ar conbs
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are formed of hg pare netal, e es that of, the mrpgr o1 2a. fo

example.

[0029]

The perpendicular combs 5 have electrodes 2b consisting of a

plurality of comb tooth formed in the side end portions of the moving

plate 2 which become free ends in swing motion, and electrodes 4d

consisting of a plurality of comb tooth formed at regions of the

stationary electrode portions 4b facing the side end portions of the

moving plate 2. The perpendicular combs 5 are configured so that

the electrodes 2b and 4d are arranged to engage with each other at a

distance of several [um], for example. In other words, the electrodes

2b and 4d are arranged perpendicular to the moving plate 2 but in

parallel with each other.

[0030]

The electrodes 2b are conducted to the electrode pad 7a via the .
supporting portion 4a, the hinge unit 3 and the moving plate 2.  On

the other hand, the electrodes 4d are conducted to the electrode pads
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The perpendi cul ar conbs 5 have el ectrodes 2b consisting of a plurality of
conb tooth forned in the side end portions of the noving plate 2 which
becone free ends in swing notion, and el ectrodes 4d consisting of a
plurality of conb tooth fornmed at regions of the stationary el ectrode
portions 4b facing the side end portions of the noving plate 2. The

per pendi cul ar conbs 5 are configured so that the el ectrodes 2b and 4d are
arranged to engage with each other at a distance of several [jim, for

exanpl e. 7b vihhbe watidharyhdeetrecte pagsord 4and Fhen e woltapged
perpendi cular to the noving plate 2 but in parallel with each other. [0030]

The el ect4ggRsd Wt it tivletd@doles Dieakd el hvdepPadrd ahui thé heosingpor ting
portion 4a, the hinge unit 3 and the noving plate 2. On the other hand, the
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el ectrode portions 4b. en a voltage 1s applie etween the el ectrodes 2b

d 4d i } I - d ptdl d h
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frame uni e state es 2b and the el ectrodes
4d are di e [ ' ' dj ¢ ' | 2,
attracti ohcpnRisuldl.fh HEFRLAT: BRARCIT R0 TohOfs BRKLEBENTRR,
el ectrostatic farce so,th the i y ed, b hi nge units
3 is dri v’éef‘?ptegft]rvtﬁ gfe’é:trqq’é%?heﬂ%gggbrbgﬁejgl%gg%t%%g) g?%sc%too%qatl}gﬁgr ound t he
hinge units 3 serving as the rotation axis..acts qn the nmoving plkate 2 when
the el ectm&s‘flggiElaF%%cBlﬁ%ngrgYéﬁeﬁynlgﬁeuW? |}1598916/Ietrlaté)er 5t e(}%to t he
per pendi cul.ar conhs 5 acts, on the novin | a 2 .subst anti al | .
per pendi cONET] ‘Q’,Orgg% ?‘R&ﬁe?‘ﬁ@sm}w ﬁ%r%eagé&énﬁ& gharhl\‘?&ff ‘E%‘%% ?1%}‘.“{15031]
Subsequently, notion of .the nirr?%édevLce I coq{i ured above is descri bed.
The novi ngs Pharetation s aqts oy theendng platard VPG Rlgclrpgiatic
per pendi cul ar conbs 5 generates the dyiving forces ﬁt a pregeternined
dri vi ng ff(@*@@eg@wa'mdgq)éﬂp%dm\@agavo aespplied tathgaetpyngdpgihtng
vol tages of predeterm ned driving frequency between the el ectrodes 2b and
4d by freqoeits § acss pinndha m@m@p}at@%wbmﬁr}élalbf perpenfeatlatlye spads 7b
di sposed in the stationary el ectrode portions 4b under a state that the
el ect r odethpddheamdivipgseldte 2 tshdriveppior swhggportion 4a i s connected to a
ground electric potential and the el ectrodes 2b of the noving plates 2 are
in the ref@3hke electric potential. Wien electric potentials of the two
el ectrodes 4d of the perpendicular conbs 5 are varied to a predeterm ned
driving el ectri8ubsequently, motion of the mirror device 1 configured above

is described. The moving plate 2 of the mirror device 1 is driven by

that the perpendicular combs 5 generates the driving forces at a

predetermined driving frequency. The perpendicular combs 5 are

driven by applying voltages of predetermined driving frequency

between the electrodes 2b and 4d by frequently varying the electric

potential of the electrode pads 7b disposed in the stationary electrode

portions 4b under a state that the electrode pad 7a disposed in the

supporting portion 4a is connected to a ground electric potential and

the electrodes 2b of the moving plates 2 are in the reference electric

potential. When electric potentials of the two electrodes 4d of the

perpendicular combs 5 are varied to a predetermined driving electric
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potential (for exanple, several tens volts) sinmultaneously, the two

el ectrodes 2b forned in both end portions of the noving plate 2 are
attracted to the electrodes 4d facing them by el ectrostatic forces
sinmultaneously. In this mrror device 1, it is configured that pul se

vol tages of rectangul ar waveforns are applied to the perpendi cul ar conbs 5
and the driving forces due to the perpendi cular conbs 5 are periodically
generated, for exanple. In addition, the second silicon layer lib is
connect edpdteritiel gwa@rﬂpmtgeiv@r@btam ivalts) simudmrdwmisiyhtherowiong pl ate 2
and the hinge units 3 are driven in a state to be the same electric

pot enti al g]elchrdddss2 BHBRHI M botRQ#d portions GMdieatovingnp e sases, the
above nmentioned noving plate 2 inclines a little not level in the static

state dueaﬂtﬁcledt@ﬂec'b“ﬁie éﬁéc%ﬁéd&eﬂﬁriﬁeﬂc?ﬁ%itHethy%l@@H&t@ﬂi@%?ées Therefore,

even fromt static state, when the perpendicul ar conbs 5 are driven, the

driving fﬁé@,ﬁﬁe@u . UNEn AR Hgn%aa@vi%ei P,ﬁi@idcgpggg{nﬁpgggﬁgdwl ar to

it, and t novi ng plate can rotate aroun nits 3

serving [ i.S. \V - L.ng forces
due to t?120}65gsé%%&?%rlg%loaﬁrbvgﬁgg&gﬂrg%&éaaspéayﬁéé\qﬁﬁg%r%\h}?lr(\igé% gte 2 takes
a posture_that the ect,rod C Vi ng
plate 2 c%?l’?’i%r?uésantdg{ eofiﬁltvéggf%?f: ggl(a Aeéﬁol grpgbgiﬁée%{(\%ﬁc:{ﬁé} ? %I%[%?ﬁg%he hi nge
units 3. Wen the.inertial force of the myving,.plate,2 in th ion

di recti onp%@&’gﬁ‘é%e“&ﬁ?é\er?te‘i o?’f%p?%'r ggg %c?dlglr?éq’ﬁihﬁgsee%ﬁ}(fgﬂgéoaﬁ he
rotation of the myving plate 2 jn that direct.ion st LAt this time, the
per pendi Cfﬂ}’z%r U?ﬂ‘)%CQ%QFQt%‘fWéheﬁ&‘ﬁ’i‘,ddeol{?&%flﬁepmgﬁ?a tog, §Peth?tsthgrts to
rotate in the opposite direction by fhe restoring.force f .the hinge units
3 and themi)r‘il@gr@laft%ﬁc%%dégetm@gﬁe‘%gﬁé 8IR SrIVEShiy a5s_ta§ey? é’&e&iq ng the
rotations due to the driving forces of the perpendicular conbs 5 and the
restori ngsamﬁc%l@CHﬂCtpﬂéeﬁtlﬁgelmﬁﬂksse@boﬁh@%vi ng plate 2 is swng. The

per pendi cul ar conbs 5 are driven by applying the voltages having a
frequency[Q0®2} i mes as large as a resonance frequency of a vibration system
configured by the noving plate 2 and the hinge units 3, and it is

confi gured that Generabyj iy npamy eages sthir abewevnehtioasdnasdangheladergnon to
increase a swing angle thereof. In addition, since voltage application
manner anthdliheedailvitlegndt éeuelnaythod stdtec stdteadee 66 internpéspeasdi cul ar conbs
5 are not limted to the above, it is possible to be configured that the
driving Vgéﬁ@@@dahetmﬂhépidlgapr@émoi Thkrafores evEurfirber the atatic is

possi ble to be configured that electric potentials of the el ectrodes 2b and

4d vary i 538! WiRasthepetpaidivulal 00838s 5 are dfiven, $heliensing foraleson nodes
and resonance frequencies calculated by sinulation of the noving plate 2

driven by i 25in SidisEctibh eRdiOhRiraoZti anlthason the
frame uni ?@ﬁbﬁﬁﬁgulgw&%qﬂ?ﬁ%e t?ni ts 3, it Ifgs}l{)vi br1 at ed iOn1 ?'irnl- pl ai n

transl ati ffe gf’gﬁgg[ éie[’c'epi 88R okt ARsend tﬁ@q{ingé-m&i%@@ $¢ranabald Qe node”

and "out - rn no showmn 1n FIG 4 due to expansion and

e R e G

t orsi due=t o torsion

transtorngfl 88,80, §%1 5 R8BS &3 ALRENE Wiléh ERE #h60Thg plate 2 takes

a posture.that the electrodes 2b and 4d completely overlap, the
moving plate 2 continues to rotate by its inertial force while twisting
the hinge units 3.  When the inertial force of the moving plate 2 in
the rotation direction becomes. equal to restoring forces of the hinge
units 3, the rotation of the moving plate 2 in that direction stops. At

this time, the perpendicular combs 5 are driven again, and the moving
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axis. [0034] As nmentioned above, since it is necessary to control the
posture of the noving plate 2 precisely in order to scan the |ight beans
precisely, it is required to increase response and stability of the swng
notion of the noving plate 2. In order to increase the response of the
swing notion of the noving plate 2, it is necessary to design the hinge
units 3 so that the resonance frequency in the "torsion node" to be equal
to or smaller than a constant level, and it is effective to decrease the

torsional }i)ratelzj'staftmo trbeatli 1mngﬂlelJOpp8sﬁe dinettienddnehe rasthring fordes to
increase the stability of the swing notion of the noving plate 2, it is

necessar yof ehé fh(iﬁgéﬁﬁn'té"@ 4188 Phe iz &y i geﬂ(blx&:@sl @Sth@})bhpendrbuflhﬁlc@mbs
transl ati on node" i n-plane turn node" out - of - pl ane transl ati on node"

and "out - gf - ? epkHfin rotadiths Bubf’coecfhfee&h'v‘{@ tforé&¢ bEahe tensional
rigidity and raI Igidity of the hinge unlts 3 sufficiently. However,

gener al | yg?f}%ﬁ{cﬁ%hlépcbﬁﬁfseg?%& f]}?e ?@ﬁ%&gﬂ%}foféé’é gF e ?‘ﬁﬂgbh.ﬁnfté gxur al

rigidity e hinge units torsi r|g|d|ty of the hingé units 3

orount (g BRGNS | SbIpEEaths PELOEIBLAY coResER S
oo o AP B DSBS e R e
a1 et PP S AP LRI 0
BT IR TR B G
) [?aqc j is driven with resonance phenomenon to increase a swing
angle thereof. In addition, since voltage application manner and the
driving frequency of the voltage of the perpendicular combs 5 are not
limited to the above, it is possible to be configured that the driving
voltages are applied as sinusoidal waves. Furthermore, it is possible
to be configured that electric potentials of the electrodes 2b and 4d
vary in antiphase each other.
[0033]

FIG. 4 shows vibration modes and resonance frequencies
calculated by simulation of the moving plate 2 driven by

perpendicular combs 5.  Since the moving plate 2 is hung on the

frame unit 4 through the hinge units 3, it is vibrated in "in-plain

LI 4 "non

translation mode", "in-plane turn mode", "out-of-plane translation
mode" and "out-of-plane turn mode" shown in FIG. 4 due to
expansion and contraction transformation or bending transformation
of the hinge units 3, further to rotation ("vibration in torsion mode")

due to torsion transformation of the hinge units 3 around the rotation
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FIG 5 shows an extended hinge unit 3. The hinge unit 3 has tw n supporting
rods 3a arranged in parallel wth each other, and crosspi eces 3b bridged
bet ween the twin supporting rods 3a, and the supporting rods 3a and the
crosspieces 3b are fornmed in plane with the noving plate 2 to be the | adder
shape in planar view. The supporting rod 3a is forned to have a wdth

di mensi on of several [lim, a thickness dinension of several tens [n]
(which corresponds to a thickness dinension of the first silicon |ayer
11a), andagisl ength di nension of several hundred [jtm. A distance between
the supporting rods 3a is selected to be several him. The crosspieces 3b
are proviﬂgﬁy{F a plural nunber, and respectively arranged substantially
per pendi cul ar to the supporting rods. [0037] Spaces encl osed by the

supporting rodsA3a,and diael 558%5;5%@@0[?@(5%%&6 dnigyrepped portion 3c

SO as to restrain the torsional nge units 3. In other

(Fanst o e P AT RLACS BTSRRI iR BTl o o ne
s e R e e R e A

i <1 ane SHE RSaRCSE e RSl BURRPRT gl R MRaBesfE e °

supporting rods 3 nd the crosspie 3b properly i,n.consideration with
Such ri gi ChPPISAAR At PAREdBOotiqn g (EIBeRIBE m)afdr dbeneRES Y dRance
frequencies .in r&{f@ﬁ in-plain translation node", »in-plane tyrn node",

"out - of - parien: thenhings YR1tsodso thg fesenapCa & caUERCHIBHG t h assuri ng
the resonance, frequency in the "torsion de" in the sa | evel as that of
the strai g‘]ﬁ)tfslﬂmgé?g%s%/%b@v@mlﬂ er Smaﬁg’éél'rl%ﬁl I@gC@)@Sttaﬁémiﬁﬁprﬁ ion shown
in FIG 4, the resonance frequencies in the "in-plain translation node",

"i n- pl aneisteffactiveeto deerassei thersustanalrrigedity 01 the hinge windtd 3r, QB t hat
an effect to restrain unnecessary vibrations of the noving plate 2 is
expect ed. tHeoodsir hand, inThedéi bgénargasesthesstababredfithet Siwimpmetopl ate 2 at
a first end portions 31, and coupled to the noving plate 2 at a second end
portion 3&f tle mevm@Bpldtavi ng ia neckissarpftoducvesse thofeSonand®d [jini, for
exanple, are fornmed at the first end portion 31 and the second end portion
32. I n adffiequencids in ehs "34-plavih ngarsslatidnus cafe"s Uingplane ofrnseoeled, Di n,
for exanple, are forned at coupling portions of the supporting rods 3a and

the crossph@ices-plane tgndliatict sndde" dAdarcutrof-plantttedntmode" aaadsibape
(R-type shape) and they may be a |inear shape (C-type shape). [0039]
is effective to increase tensional rigidity and flexural rigidity of the
hinge units 3 sufficiently. However, generally in order to increase
the tensional rigidity and the flexural rigidity of the hinge units 3, the
torsional rigidity of the hinge units 3 around the rotation axis is
increased incidentally, consequently the response of the swing motion
of the moving plate 2 is decreased.
[0035]
Therefore, in the mirror device 1, the hinge units 3 are formed
to have a ladder shape with honeycombed portions 3¢ as shown in FIG.

1 to FIG. 3 (it is described as "ladder hinge" in FIG. 4), so that the

tensional rigidity and the flexural rigidity of the hinge units 3 are
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Subsequent |y, manufacturing processes of the mrror device 1 are descri bed.
First, the first silicon layer 11 a is processed by so-called mcro
machi ni ng technol ogy such as |ithography or etching to form shapes which
will be the noving plate 2, the hinge units 3, the frane unit 4, and the
per pendi cul ar conbs 5 (first process). At this tine, the hinge units 3 are
partially penetrated so that the honeyconbed portions 3c are forned. Then,
anetal filmis formed on a top face of the silicon layer Ila of the SO

subst r at ejinklesisdd@vieh sRWLERIG Oge meEdiodal tiridéranblthe }Bnﬁeamies 3ng the netal
film a mrror film2a is formed on the top face of each the noving plate 2

and the elig¢fllaPHS tRAHST fRorn(Al ASE@ sh@ﬁ@ﬁ%i@rgetsm%ﬁmtﬁ@ﬁsl19fe>ei@.9bitti@e frame
unit 4. [0040 Subsequently, the second silicon layer 2 is processed

]
by bul k naggcﬁémgignisqgaig%ghﬂﬁ QoyntpEGoam shapes which will be the franme

unit 4, sim secon rocess). After’ processing the first silicon
| ayer Ila[r(@%the second silicon layer lib, etching of the oxidation film
1l1c is pe orn]ed. The etching is perforned frombelow the mrror device 1,

o XD e, SSRfdah 05 X b P TN QUG AR
B 9% UL o LSRR 6 R B0 by o, (0091
dev o5 T AL SO0 50 Sl Al A Bt LRSS ©
M or dewRRAT NG FRdsen, RGt et QSRR ema B yorsyed Tn Plne Wik ' 1°

the moving plate 2 to be the ladder shape in planar view. The

supporting rod 3a is formed to have a width dimension of several

[um], a thickness dimension of several tens [pm] (which corresponds

to a thickness dimension of the first silicon layer 11a), and a length

dimension of several hundred [pm]. A distance between the

supporting rods 3a is selected to be several [um]. The crosspieces

3b are provided in a plural number, and respectively arranged

substantially perpendicular to the supporting rods.

[0037]

Spaces enclosed by the supporting rods 3a and the crosspieces

3b become the honeycombed portion 3¢ so as to restrain the torsional

rigidity of the hinge units 3. In other words, the hinge units 3 have

rigidity characteristics that it is transformabléin torsional direction in

particular due to existence of the honeycombed portions 3c. On the

other hand, the rigidity characteristics of the hinge units 3 becomes

hard to transform in tensional direction and in flexural direction due

to the twin supporting rods 3a arranged with a distance and the
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that it is possible to decrease the manufacturing cost of the mrror
devices 1. In addition, the manufacturing processes of the mrror device 1
are not limted to these, and it is possible to be forned by | aser process,
ultrasoni c wave process or the like, and it may be fornmed one by one.
[ 0042] According to the above mrror device 1, since the hinge units
3 is forned as the | adder shape having the honeyconb portions 3c, it is
possible to increase the tensional rigidity and the flexural rigidity of
the hi _ngecﬂ&'sg?e@assyﬁfdd‘ih%ﬁhﬁidg fyerhhe Byp@esikbnddg thdsuipatihd heds _
crosspieces 3b while restraining the torsional rirgidity of the hinge units
3 by hon debehropdilyiin RASSBEAiSR Withr gL rigapgnse and
stabiIit$3%%E¥%%k£gﬁ%§&ﬁgggon sﬁyéﬁe %pving plate 2, and thu$,2¥hggﬁirror
device 1 ORiA9cA90ds! ﬁsﬁolgéﬁiﬁ'l‘é’tétiﬁgfédsleyt rdihatile redRieh@fedln t he
mrror cah easily and’ i nexpensively obtalned, and 1t I's possible to inprove
quality of_ i# Of : LAST T LG L0 .S RE twn
%u}gﬁgﬁi%ﬁhggﬂéﬁﬂﬁbﬁQhoﬂg Eénekﬂp??ﬁb%é., 0 BF?ﬂﬁﬁﬁ

supportin e Crosspletes are formed i’n plane w t he
moving plate 2..the sypportin S nd. t i [ . n be fornmed
easily byTPBHAHMNY pad8 angd @?ﬁ?’%&?ﬁ%&yé‘ Iy ’B‘;d%o?‘?g@pg%gﬁh@gttggt he
honeyconbed portions 3c sinultangously when e ing the ciycunferepnce of

t he movi nifSONAREC rﬁﬁuﬁpﬁye‘ll]c{h%g{)qpl%rhg]?aﬁe.IH!I%Y}&S%‘W???Kgf?r’f’%%?O evi ces
1 can be gbtained by.the sinple pro es simlar,.to those qf e _nor mal
mrror de %%@aké?ﬁ/%mg%rﬁaﬂs oW E}ﬁgﬁél t Acsopging B?BBFcf’éﬁﬁBt t he
quality of the | na(l;e of flhe opti cal fj nstrunent, i ri%ép.enslv.el% 0043]

I'n addi ti $howa wcEIond, thejresenance feequenelesan thee M-psneHgnsHieRn 31
and the second end portion 32 of the hinge unit 3, it js possible to

di sper se gaded's éénplanggien mesler' gan benacserseddramai@lihet second end
portion 32. Thereby, in case of using the noving structure in a |long tine,
it is pospatsieulas, seshatian effeot tenestrain unackessary vibrations ehthgortion 31
and the second end portion 32, and thus, durability of the hinge units 3 is
enhanced. mSivinkaplage Xinerpebted.il ets 34 are forned at the coupling
portions of the supporting rods 3a and the crosspieces 3b, it is possible
to dispergB)38} esses acting on the coupling portions. Thereby, in case of

using the nmoving structure in a long tine, it is possible to restrain
occurrence of cTheKsinige thit Zﬁb@\t:@u?ﬂa@Itbrtgxepmrd\iings;ﬂaamd athagirstenabi | ity
i 0

of the hinge units 3 is enhanced. 044]

‘ ~ portions 31, and coupled to the moving plate 2 at a second end
portion 32. Fillets 33 having a radius of curvature of 5 to 10 [um],
for example, are formed at the first end portion 31 and the second end
portion 32. In addition, fillets 34 having a radius of curvature of
several [um], for example, are formed at coupling portions of the
supporting rods 3a and the crosspieces 3b. The fillets 33, 34 are not
limited to an arc shape (R-type shape) and they may be a linear shape
(C-type shape).

[0039]
Subsequently, manufacturing processes of the mirror device 1

are described. First, the first silicon layer 11a is processed by

so-called micro machining technology such as lithography or etching
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In addition, the present invention is not limted to the above nenti oned
configuration of the enbodinent, and it is possible to nodify in various
manners properly within the scope not changi ng the purpose of the
invention. As shown in FIG 6, the twin supporting rods 3a may be di sposed
not in parallel with each other, for exanple. FIG 6(a) shows an exanple
that a di stance between the supporting rods 3a at the first end portion 31
is set to be narrower than a di stance between them at the second end

portion 3@ feid sﬁa@esfwhicl’iI‘J@M’ﬁbarthbhﬁrovéhggﬁlaee Dhahetiagdistiande bet ween
the twin supporting rods 3a at the first end portion 31 is set to be w der

than the @jesHanse ubst veand thepeaieddieus@ceothtand (st ppocés). AcAer ding to
the exanpl e shown in the figure, since the twin supporiing rods 3a are not

di sposed {ifis RARGL kisk [1hbB \fE0 304 pard iy Petiirdledrd@tidid theol the hinge

units 3 can be i hcreased in concentrative, ‘and thus, it is possible to

restral n.thefhg«féééf'n | gé{tﬁaﬁs @%V%lfwf@ﬂrﬁéa. 2 phEgChimetal ﬁpnti@e%irﬁ%e]m ai n

transl ation de or e in-plain turn node, for exanple. [004
Furthernore, jt_ i i.hl e1: y i : endi cul ar
fo the sbpartdmdfrEaI 8 FLEOurlshRRT0 4 DR G SRR SEFRfraft T1hs e 8GOl
an exanpl e_that. t he Qsspleces..3h ar r i ..W 1 h each
ot her, an%Plllltltamg(%e%éﬂgmgoﬁﬁé?iﬂgﬁeexa Iégl{e%gg g‘tt{qleep ﬁegéisgllheﬂéme% 3b are
arranged symet Lic wi t-h each other, abgut a.vir | axi icular to
t he suppo‘i’r’%{frﬁ’d ﬁb@:i%és fopme ‘PﬂrtF‘ﬁéPﬂ?D © f&?‘cé%gﬁ&ﬁé’@‘ﬁggﬁﬁ%?e that two
crosspi eces . 3p, ich forma,.counterpart, are c¢rossed. and coupled at center
portions #td ttﬁﬁrﬁ%ﬁ@@gﬁdﬁ)%s /8> ?%earé:ggqmgg cghﬁk}ﬁm%?ﬂ%ﬁﬁoée%fﬁhﬁﬁ G 8,
- since the _crosspi,eces 3b are not arranged perpendicular to the supporting
rods 3a, f@m&usdkdible to increase the tensional rigidity of the hinge
units 3 in concentrative, and thus, it is possible to restraint vibrations
of the noM@0blate 2 in the nodes other than the torsion node. [0046]
In addition, the hinge units and the electrodes constituting the
per pendi cul ar cBubsequgntly, the second silieosdayed %19 preressegeby vkt hey may
be configured of a single silicon substrate other than the SO substrate,
or they mmjiche ncactiinjngeechhodogy Horfaremisbepdssybiclhowill be the frame

unit 4, similarly (second process). After processing the first silicon

layer 11a and the second silicon layer 11b, etching of the oxidation

film 11c is performed. The etching is performed from below the

mirror device 1, for example, so that the oxidation film I1c at

portions other than the frame unit 4 is removed (third process).

Thereby, it is a state that the hinge units 3 are transformable and the

moving plate 2 is swingable.

[0041]

After passing the first to third processes, a plurality of the
mirror devices 1 are formed on the SOI substrate 11.  After the third
process, a plurality of the mirror devices 1 formed on the SOI

substrate 11 is individually cut out. By these series of processes, a

plurality of the mirror devices | are manufactured simultaneously, so
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nmetal plate. Furthernore, the noving structure may be configured to have
flat conmbs or driving el ectrodes which are arranged to face a plane of the
novi ng plate replacing with the perpendi cul ar conbs, and to drive the
noving plate using electrostatic forces generated by themas driving
forces. Then, the noving structure may have a driving structure to drive
the noving plate by nagnetic forces, electrostriction forces,
heat-striction forces, for exanple. The present invention is not limted to

one suitaff itqs ﬁdsgi@krwtiéé@a@,fe_tﬂqfeelﬂaﬂrﬁifhcﬁﬁaggimudfrn}wnﬁmrce, but it
may be applicable widely to a noving structure ich pivots a noving plate

sw ngabl y byjdusnpe qgi dGdiSHAD @R @%n@qﬁshﬁﬁﬁgi{%c%@é@bfth@rm%wpl e.
[Brief Description of Drawi ngs] [0047] [FI G T1] A perspective view show ng

an exanbl gepfc Al Hrehoiinfi96d 48 1hese Uahdt 3 FRUIM S bE i Medibaccor dance
oélrrento the p on. [FIG 2

with a first en%) resent 1 nventi ] A perspective

view of the Mt sdeyFEARRAWUGE o8B rMte like, and it may be
formed one by one.
[0042]

According to the above mirror device 1, since the hinge units 3
is formed as the ladder shape having the honeycomb portions 3c, it is
possible to increase the tensional rigidity and the flexural rigidity of
the hinge units 3 sufficiently by the supporting rods 3a and the
crosspieces 3b while restraining the torsional rigidity of the hinge
units 3 by honeycomb structure. Thereby, it is possible to increase
response and stability of the swing motion of the moving plate 2, and
thus, the mirror device 1 having good response and stability of the
swing motion of the mirror can easily and inexpensively obtained, and
it is possible to improve quality of images of an optical instrument.
In addition, since the twin supporting rods 3a and the crosspieces 3b
are formed in plane with the moving plate 2, the supporting rods 3a
and the crosspieces 3b can be formed easily by removing the first
silicon layer 11a corresponding to the honeycombed portions 3¢
simultaneously when removing the circumference of the moving plate
2 by dry etching or the like. Thereby, the mirror devices 1 can be
obtained by the simple processes similar to those of the normal mirror
devices conventionally exist, and it is possible to improve the quality

of the image of the optical instrument inexpensively.
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[FIG 3]A plain view of the mrror device. [FIG 4]A table show ng
resonance frequencies of a noving plate in respective vibration nodes
calculated by sinmulation. [FIG 5] A plain view showi ng an enl arged hi nge
unit. [FIG 6]A plain view showing a nodification of the hinge unit. [FIG
7] A pl ain view showi ng anot her nodification of the hinge unit.

[0043]

In addition, since the fillets 33 are formed at the first end
portion 31 and the second end portion 32 of the hinge unit 3, it is
possible to disperse stresses acting on the first end portion 31 and the
second end portion 32. Thereby, in case of using the moving
structure in a long time, it is possible to restrain occurrence of cracks
in the first end portion 31 and the second end portion 32, and thus,
durability of the hinge units 3 is enhanced. Similarly, since the filets
34 are formed at the coupling portions of the supporting rods 3a and
the crosspieces 3b, it is possible to disperse stresses acting on the
coupling portions. Thereby, in case of using the moving structure in
a long time, it is possible to restrain occurrence of cracks in the above
coupling portions, and thus, durability of the hinge units 3 is
enhanced.

[0044]

In addition, the present invention is not limited to the above
mentioned configuration of the embodiment, and it is possible to
modify in various manners properly within the scope not changing the
purpose of the invention. As shown in FIG. 6, the twin supporting
rods 3a may be disposed not in parallel with each other, for example.
FIG. 6(a) shows an example that a distance between the supporting
rods 3a at the first end portion 31 is set to be narrower than a distance
between them at the second end portion 32, and FIG. 6(b) shows

another example that the distance between the twin supporting rods 3a

at the first end portion 31 is set to be wider than the distance between
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[FIG 8]A plain view show ng still another nodification of the hinge unit.
[ Description of Marks] [0048] 1: light scanning mrror device (noving
structure) 2: noving plate 2a: mrror film(mrror) 3: hinge units

them at the second end portion 32. According to the example shown
in the figure, since the twin supporting rods 3a are not disposed in
parallel with each other, the flexural rigidity of the hinge units 3 can
be increased in concentrative, and thus, it is possible to restraint
vibrations of the moving plate 2 effectively in the in-plain translation
mode or in the in-plain turn mode, for example.

[0045]

Furthermore, it is possible to arrange the crosspieces 3b not
perpendicular to the supporting rods 3a, as shown in FIG. 7 and FIG. 8.
FIG. 7(a) shows an example that the crosspieces 3b are arranged in
parallel with each other, and FIG. 7(b) shows another example that the
crosspieces 3b are arranged symmetrical with each other about a
virtual axis perpendicular to the supporting rods 3a. Still
furthermore, FIG. 8 shows an example that two crosspiebes 3b, which
form a counterpart, are crossed and coupled at center portions of them.
According to the examples shown in FIG. 7 and FIG. 8, since the
crosspieces 3b are not arranged perpendicular to the supporting rods
3a, it is‘possible to increase the tensional rigidity of the hinge units 3
in concentrative, and thus, it is possible to restraint vibrations of the
moving plate 2 in the modes other than the torsion mode.

[0046]

In addition, the hinge units and the electrodes constituting the
perpendicular combs may be formed on the second silicon layer, or
they may be configured of a single silicon substrate other than the

SOI substrate, or they may be configured of another semiconductor or

° 21



‘4: frame unit 5: perpendicular conbs (conb tooth el ectrodes) 3a: supporting
rods 3b: crosspieces [CLAIMS [daiml] A noving structure conprising
a noving plate, beam shaped hinge units which pivot the noving plate

swi ngably, and a frame unit which supports the hinge units, wherein

metal plate. Furthermore, the moving structure may be configured to
have flat combs or driving electrodes which are arranged to face a
plane of the moving plate replacing with the perpendicular combs,
and to drive the moving plate using electrostatic forces generated by
them as driving forces. Then, the moving structure may have a
driving structure to drive the moving plate by magnetic forces,
electrostriction forces, heat-striction forces, for example. The
present invention is not limited to one suitable for the structure of the
light scanning mirror device, but it may be applicable widely to a
moving structure which pivots a moving plate swingably by hinge
units such as an acceleration sensor, for example.

[Brief Description of Drawings]

[0047] | |

[FIG. 1] A perspective view showing an example of a
micro-mirror device using a moving structure in accordance with a

first embodiment of the present invention.

[FIG. 2] A perspective view of the mirror device observed from
below.

[FIG. 3] A plain view of the mirror device.

[FIG. 4] A table showing resonance frequencies of a moving

plate in respective vibration modes calculated by simulation.

[FIG. 5] A plain view showing an enlarged hinge unit.

[FIG. 6] A plain view showing a modification of the hinge unit.
[FIG. 7] A plain view showing another modification of the hinge
unit.



each of the hinge units has a | adder shape having tw n supporting rods and
crosspi eces bridged between the supporting rods. [C aim 2] The novi ng
structure in accordance with claim1, wherein upper faces and | ower faces -
of the twin supporting rods and the crosspieces in thickness direction are
respectively forned on the sane | evels as those of the noving plate. [Claim

3] The noving structure in accordance with claim1 or 2, wherein the
twi n supporting rods are not disposed in parallel with each other. [Claim
4] @Gog] ng st Aysltain e/iew showidgnstél] wirkdthenenodifitaion of the 3,

wherein the crosspieces are not disposed perpendicular to the supporting
rods. [ ginpdlhnit.

[Description of Marks]
[0048]
1: light scanning mirror device (moving structure)
2: moving plate
2a: mirror film (mirror)
3: hinge units
4: frame unit
5: perpendicular combs (comb tooth electrodes)
3a: supporting rods

3b: crosspieces



The noving structure in accordance with one of clainms 1 to 4, wherein each
of the hinge units has a first end portion coupled to the noving plate and
a second end portion coupled to the frame unit, and fillets are forned at
coupling corners of the first end portion and the noving plate and at
coupling corners of the supporting rods and the franme unit. [C aim 6]

The noving structure in accordance with one of clains 1 to 5, wherein
fillets are forned at coupling corners of the supporting rods and the

Crosspi eCGECL[A@'MSH‘ 7] A mcro-mrror device conprising the noving
structure described in one of clains 1 to 6, and characterized in that the
nmoving plate has,.a mrror for reflecting light, and el ectrodes for
driving th ]ﬁ‘ﬁ%}‘i]r]g pl ate swi ngably are provided on a mirror portion of the
nmovi ng pl at e andl moping stosctofe cdraptisingea umtinggdategbeam shaped hinge

units which pivot the moving plate swingably, and a frame unit which

supports the hinge units, wherein

each of the hinge units has a ladder shape having twin supporting

rods and crosspieces bridged between the supporting rods.

[Claim 2]

The moving structure in accordance with claim 1, wherein upper
faces and lower faces of the twin supporting rods and the crosspieces in
thickness direction are respectively formed on the same levels as those of
the moving plate.

[Claim 3]
The moving structure in accordance with claim 1 or 2, wherein the
twin supporting rods are not disposed in parallel with each other.

[Claim 4] .

The moving structure in accordance with one of claims 1 to 3,
wherein the crosspieces are not disposed perpendicular to the supporting
rods.

[Claim 5]

The moving structure in accordance with one of claims 1 to 4,
wherein each of the hinge units has a first end portion coupled to the
moving plate and a second end portion coupled to the frame unit, and fillets
are formed at coupling corners of the first end portion and the moving plate
and at coupling corners of the supporting rods and the frame unit.

[Claim 6]

The moving structure in accordance with one of claims 1 to 5,
wherein fillets are formed at coupling corners of the supporting rods and the
crosspieces.

[Claim 7]

A micro-mirror device comprising the moving structure described in
one of claims 1 to 6, and characterized in that

the moving plate has a mirror for reflecting light, and
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[ Cl ai m 8] A m cro-mnor device conprising the noving structure
described in claim2, and characterized in that the noving plate has a

m nor for reflecting light, and el ectrodes for driving the noving

pl ate swingably are provided on a part of the noving plate and a portion of
the frame unit facing it to be perpendicular to the noving plate and in
parallel with each other.

electrodes for driving the moving plate swingably are provided on a
mirror portion of the moving plate and a portion of the frame unit facing it.

[Claim 8]

A micro-mirror device comprising the moving structure described in
claim 2, and characterized in that

the moving plate has a mirror for reflecting light, and

electrodes for driving the moving plate swingably are provided on a
part of the moving plate and a portion of the frame unit facing it to be
perpendicular to the moving plate and in parallel with each other.



