DESCRI PTI ON TI TLE OF THE | NVENTI ON MOVABLE STRUCTURE AND M CRO- M RROR
ELEMENT USI NG THE SAME Technical Field [0001] The present invention
relates to a noving structure which swings a nmoving plate pivoted by hinge
units around a rotation axis, and a mcro-mrror device for |ight scanning
VC\A(‘)li ch sg:ansI : I ght husi ng the noving structure. Background Art [0002]
nventionally, there are so ' | unents such as bar-code readers
or projectors that a mcro- m%ﬁgm%’gﬂlé%ﬁmunt ed thereon to scan |ight
beans by swinging a noving plate to which a mrror is provided and
reflecting the Iight beans incident to the mrror to desired direction
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as magnetic forces or electrostatic forces, and swngs with twisting the

hi nge utVSEN(STHEtS8MEnge units as a rotation axis.
Technical Field

[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



[0003] By the way, in the above nentioned noving structure there are five
kinds of "torsion node", "in-plane translation node", "in-plane turn node"
"out -of -plane transl ati on node" and "out - of - pl ane turn mode” in vibration
nodes of the noving plate, as shown in FIG 4. In order to scan the |ight
beans preC|ser, it is necessary to control the posture of the noving plate
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exanpl e, a patent docunent 1 d| scl oses a,.technol o t 0. rma.
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space, Prior Art Documents Patent Docunents [0003]
is demanded to increase response and stability of swing motion of the

moving plate. In order to increase the response of the swing motion

of the moving plate, it is necessary to design the hinge units to set the
resonance frequency in the "torsion mode" to be lower than a constant
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,

Prior Art Documents
Patent Documents
[0005]

Patent Document 1: JP 2002-321196A

Patent Document 2: JP 2003-15064A
Summary of Invention
Problems that the Invention is going to Solve

[0006]

In order to increase the stability of the swing motion of the



Pat ent Docunment 1: JP 2002-321196A Patent Docunent 2: JP 2003-15064A
Summary of Invention Problens that the Invention is going to Sol ve [0006]
In order to increase the stability of the swing notion of the nopving plate
mentioned above, it is effective to increase the resonance frequencies in
the "in-plane translation node", the "in-plane turn node", the
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notion of the nopving plate. In addjtion, the hinge units shown in the
pat ent deddreirplang gumm%@ﬁ'i,ﬁ thas, itHs nanassary tAdnFIRASSt s such as the
bar-code readers or the projectors which are based on the_prem se of mass
pr oduct itenstssed udgidity anddflexucal rigiditypebithe hingaauitmsetjieientlye rigidity
characteristics due to conpl ex manufacture processes and problens in
pr ocessiligweverj & the t¢clmndlogy shown in the above patent document 2,

although it can restrain the torsional rigidity, on the other hand, the

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.

[0007]

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

[0008]

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



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 image of an optical instrunent or the like at a
popul ar price by manufacturing the hinge units having desired rigidity
characteristics in sinple processes. Means to solve the Problens [0008]

F hi h ! i the i i i |
o o mo Hgige et PRI NEPe R dRs R GnisbaBul L el GLUR RS o & °°
whi ch pivat th i ng plate swingabl.y, and a.f it which ts th
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in planar view. [0009] . The ipvention of claim?2 relates to the noving
st r uct urt@dgedier n@%dlﬁpﬂiﬂdaﬁhpﬁ,ra]\lﬁg%ﬁh egRb Qthies 1BUMIBAL IVI§W ods have no
sides disposed in parallel wth each other in planar view [0010] The

i nventi d@0®9]cl aim 3 relates to the noving structure described in claim1
or 2, wherein upper faces and | ower faces of the twin supporting rods and
t he crosspi ecéBhe mventiknestchiinelt redatesy ® the peevingsiructureed on the sane
| evel s as those of the noving plate. [0011] ) The invention of claim4
rel at es desctriteedrinvichgimstlr,uehereindtsctwireduppostiagofodd have nb swled, wherein
the crosspieces are not disposed perpendicular to the supporting rods.
disposed in parallel with each other in planar view.
[0010]
The invention of claim 3 relates to the moving structure
described in claim 1 or 2, 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.
[0011]
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.
[0012]
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.

[0013]

The invention of claim 6 relates to the moving structure
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[ 0012] The invention of claim5 relates to the noving structure
described in one of clains 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 franme unit, and fillets are forned at coupling corners of
the first end portion and the noving plate and at coupling corners of the

t: ;ZF Eg ﬁf@%i%?@pﬁ?if itk ?E%%,L ﬁ%%%gi%ﬁ?%%%?fﬁ%@?‘t wherein fi11ets
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I n one TboihTinB 1 to 6, wherein each of the hinge units has

The invention of claim 7 relates to the moving structure
described in one of claims 1 to 6, wherein each of the hinge units has
a set of crosspieces, and the crosspieces are crossed and coupled each
other between the twin support rods.

[0015]

The invention of claim 8 relates to the moving structure
described in claim 7, wherein each of the hinge units has a plurality
of sets of crosspieces, and each set of the crosspieces are crossed at
an angle different each other.

[0016]

The invention of claim 9 relates to the moving structure
described in one of claims 1 to 6, wherein the twin support rods are
formed as curved lines.

[0017]

The invention of claim 10 relates to the moving structure
described in claim 9, wherein the curved lines are catenary curves.
[0018]

The invention of claim 11 relates to a micro-mirror device
comprising the moving structure described in one of claims 1 to 10,
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 mirror portion of the moving plate and a portion of the

frame unit facing it.



a set of crosspieces, and the crosspieces are crossed and coupl ed each

ot her between the twi n support rods. [0015] The invention of claim8
relates to the noving structure described in claim?7, wherein each of the
hi nge units has a plurality of sets of crosspieces, and each set of the
crosspi eces are crossed at an angle different each other. [0016] The
inventioHMEF claim9 relates to the noving structure described in one of
clainms 1 , Wherein the twin support rods are forned as curved |ines.

Gescr bed in ol BANYSRHRG: of RLERG LFoales Fodamife-BEuEREAS Vit ves. [ oo1e)
comprising the moving structure described in claim 3, 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.
Effects of the Invention
[0020]

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. In addition, 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.

[0021]

According to the invention of claim 2, since the twin
supporting rods have no sides disposed in parallel with each other in
planar view, it is possible to increase the flexural rigidity of the hinge

unit in concentrative, so that it is possible to restrain vibrations of the



The invention of claim1ll relates to a mcro-mrror device conprising the
novi ng structure described in one of clains 1 to 10, 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
noving plate and a portion of the frame unit facing it. [0019] The

invention of claimil?2 rel.ates to ) -1 r viice: LS t he

novi ng JPPYiRg 2 E&Ffl%é{}'l? nc?lg?ﬁg?fﬁ(gll}l?léﬁgroggse{rh%zle%%lq% %Egﬁgt he novi ng
pl ate has mJror for. retlecting,light, and ectrodes for driving the
novi ng HPQ%@’ &or ﬁ@‘é‘fﬁ@learsé%f vﬁoggbe gﬁv?tbgptoeflo?lcaﬂﬂ]e?rmvi ng plate and a
portion of tqe frame unit facing it to be perpendicular to the noving plate
and in dzmz el with each other. Effects of the Invention [0020]

According to the inyention of claim1,.sjnce_the hinge units are forned as
the | adder shapecoy lnigstopgﬁilbv%nﬁleni%?i@a%% ﬁéﬂc{f‘eﬂg? EWaR rigidity and the
flexural rigidity of the hinge units sufficiently ile restraining the

t or si onauppQyitalg yods anhethe expsspicees aLe korBagddam the samaievel ot he | adder .
Thereby, it is possible to increase the response and stability of the sw ng
not i on” dhetmovingiplgte) teesupparting irogsangd thacrosspecesnggasbdf an opti cal
instrunment easily and inexpensively. In addition, since the tw n supporting
rods ar foratedisapoasta comspyvah e lpenipherad grordtcieof the mevpg platesis o
increase the flexural rigidity of the hinge unit in concentrative, so that
it is pagshébvedty deptetehing/obrtheiltks. ofHdrebypthagnevate structhee i n- pl ane
transl ation node or in the in-plane turn node, for exanple. [0021]

Accor di ndedciBdie in e¥githiobr & ceh PeoBtaisiedcley shepliprosepges simgarods have
no sides disposed in parallel with each other in planar view, it is

possi bl gt dseCHLAFE nbPh Al BviaL sthedtdire Xorivdritforullg@xisis] aind it
concentrative, so that it is posSible to restrain vibrations of the
is possible to improve the quality of images of the optical instrument
more inexpensively.
[0023]

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, so
that it is possible to restrain vibrations of the moving plate in the
modes other than in the torsion mode.

[0024]

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

when the moving structure will be used for a long time.
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noving plate in the in-plane translation node or in the in-plane turn node,
for exanple, simlar to the invention of claiml. [6022] According to
the invention of claim3, since the twin supporting rods and the

crosspi eces are fornmed on the sane | evel of the noving plate, the
supporting rods and the crosspi eces can be fornmed sinultaneously when

peri pheral rtion of the noving plate is renoved by dry etching or the
like. Td@Pgﬁﬁ, the noving structure described in claim1 or 2 can be

obt ai ned by siple processes.simlar to those of thg nerymal noving
structure con\lgg‘fq”i?ﬁﬁglt? élﬁ upvention q’fC]iaémpgsgrlﬁeeﬁf%%ili%F&fg the quality
of images of fhe optical.instrunent re i nexpensively. 023] According to
Che | nvdaemad 8 U6 SoRPAnE EABSTR! i SupPOrBaEass did 4R pased
per pendi cul ar_  to the,suppqrﬁing .0ds, it is possible Lo I ncrease the
t ensi on&rOFsRiEEsy 1ofs PAESIRlG ge dispersenstept aating pndheOUMME it i s
possible to restrain vibrations of the noving plate in the npdes other than
in the teorsessh nddwerepyoals possibladedeatnagn scureenss ehcraeksatcl ai m 5,
since the fillets are forned in the first end portion and in the second end
porti on the abevehcayplimg cornarsiangse dhbreaseoddralpdity e fstheebtge anit ng on
the first end portion and the second end portion. Thereby, it is possible
to furthermore, when the moving structure will be used for a long time.

[0026]

According to the invention of claim 7, since a set of the

crosspieces are crossed and coupled each other between the twin

support rods, it is possible to increase the flexibility to design the

hinge units to have desired flexural rigidity and torsional rigidity, 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 effectively, for

example.

[0027]

According to the invention of claim 8, since each of the hinge

units has a plurality of sets of the crosspieces, and each set of the

crosspieces are crossed at an angle different each other, it is possible

to increase the flexibility to design the hinge unit to have desired

flexural rigidity and torsional rigidity. Thereby, it is possible to

restrain vibrations of the moving plate in the in-plane translation

mode or in the in-plane turn mode effectively, for example.

[0028]

According to the invention of claim 9, since the support rods

are formed as curved lines, it is possible to set the distribution of

8



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 time. [0025] Accordi ng
to the invention of claim6, since the fillets are fornmed at the coupling
corners of the supporting rods and the crosspieces, it is possible to

di sperse_ stress actin n the cquplin rners. rebyy. 1b.:i: sible to
rest rai PEESEPr Hég(?% &eaﬁ%gpgﬁlﬁgéogﬁﬁgeﬁoéﬁ ﬁ{%’gt gr%%xlrasblgi}gqﬁts) i ncr ease
durabilihy aof the hinge, unit furt er mr e, when the noving structure will be
used forthg 1ggs ‘t‘?ﬁe‘?aq[ B6Jgrreased MIEOVEng to the i nvention of claim 7,

since a set _qf the crosspieces are crossed and coupl ed each ot her between
the tw z)@&gort rods, it is possible to increase the flexibility to design
the hinge units to have desired flexural rigidity and torsional rigidity,
so that it is/eeerdng &Q)th%él'tl\’%ﬁlthoﬂiq;?‘él@ilﬁhiSoﬁlfiqf‘eah%WHBOSqlﬁge in the

i n-plane translation node or in the in-plane turn node effectively, for

exanpl e.rodsca®) formed asgasetnny cusveneitiinrorsible &9 destaibutg, thei nce each of
the hinge units has a plurality of sets of the crosspieces, and each set of
t he crostpissessaciing onodeesupportingngds miot¢ evemlyesethat e, it is
possible to increase the flexibility to design the hinge unit to have
desi r ed durability ofithiedhingeandittcars benalcreaggdiimagreohesr eby, it is possible
to restrain vibrations of the noving plate in the in-plane translation node
or in theo3@]pl ane turn node effectively, for exanple. [0028]
According to the invention of claim9, since the support rods are forned as
curved lines, A¢coRlings® Heinvemebntdcidift 11pig Ioposdible to obtain

the micro-mirror device superior to response and stability of the

swing motion of the moving plate easily and inexpensively.

[0031]

According to the invention of claim 12, 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

units by the same process such as dry etching. Thereby, the

micro-mirror device superior to response and stability of the swing

motion of the moving plate can be obtained more easily and

inexpensively.

Brief Description of Drawings

[0032]

FIG. 1 is a perspective view showing an example of a

9



stresses acting on the supporting rods freely, so that the durability of
the hinge unit can be increased noreover. [0029] According to the

i nvention of claim10, since the supporting rods are fornmed as catenary
curves, it is possible to distribute the stresses acting on the supporting
rods nore evenly, so that the durability of the hinge unit can be increased
nor eover .

.[.0030 . According to.the inventi.on of gl ai dy lt is
posei bl ani<OsBHiErar dRuidh br wnd rpay e st tEEL ifhsRorfaRbE b ng
stability of the.swn ion of the nmowving plate easily and inexpensively.
[ 0031] ﬁ&StGQA eépaﬁﬂg0&3%FW§Q%9926PVSHUSWLCIain112, since the twin
supporting roﬁiﬁg d.the crosspi eces ar t&grned on,the sgne Ieéel of the
movi ng pl ate, K2 IISPECHYS YigW Qi thergitnes RNicRPRNSVEdswi ngabl y are
provi ded perBendicuIar to the noving plate and in parallel with each other,
it is pd@@ﬁb elaw. formthe el ectrodes and the hi nge units of |adder shape
sinultaneousléig% renovi ng peripheral portion of the noving plate and the
honeyconbed pdilier &f atpleimivigw ohithe mirrondeyaee process such as dry
etching. Thereby, the micro-mrror device superior to response and
stability of tHé&. shing tablé showfingheesonaneg glequencm ot aobaiingd nor e
easily and i nexpensively. ) )

plate in respective vibration modes calculated by simulation.

FIG. 5 is a plain view showing an enlarged hinge unit.

FIG. 6 is a plain view showing a modification of the hinge
unit.

FIG. 7 is a plain view showing another modification of the
hinge unit.

FIG. 8 is a plain view showing still another modification of the
hinge unit.

FIG. 9 is a plain view showing still another modification of the
hinge unit.

FIG. 10 is a plain view showing still another modification of
the hinge unit.

Mode for Carrying Out the Invention
[0033]

A micro-mirror device for light scanning which uses a moving
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 micro-mirror device in accordance with this

embodiment. The micro-mirror device (hereinafter, abbreviated as

mirror device) 1 consists of a miniature moving structure which is

10



Brief Description of Drawings [0032] FIG 1 is a perspective view show ng
an exanple of a mcro-mrror device using a noving structure in accordance
with a first enbodi mrent of the present invention. FIG 2 is a perspective
view of the mrror device observed frombelow FIG 3 is a plain view of
the mrror device. FIG 4 is a table show ng resonance frequencies of

a movi ng DL A ol hictelEHd ¥RidsP ﬁ%é&“ﬁ?ﬁqusmaﬁh%&é&&ﬁ?g BYetHdy! ation.
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).

[0034]

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
ium], and thicknesses of the first silicon layer 11a and the insulation
film 11c are respectively about several tens [um] and several [um],
for example. The mirror device 1is a rectangular solid device that
upper face is substantially square of about 4 [mm] in planar view, and
mounted on the optical instrument by disposed on a glass substrate,

for example.

[0035]

A moving plate 2 which is formed to be a rectangular shape,
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 layer 11a. As shown in FIG. 2, a space 40 is formed

11



FIG 5 is a plain view showing an enlarged hinge unit. FIG 6 is a plain

vi ew show ng a nodification of the hinge unit. FIG 7 is a plain view
showi ng anot her nodification of the hinge unit. FIG 8 is a plain
view showi ng still another nodification of the hinge unit. FIG 9 is
a plain view show ng still another nodification of the hinge unit.

5 PP BrShE SR8 1 0RO R SR St P 0
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, that is, 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.

[0036]

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
perpendicular combs 5.

[0037]

An end of each hinge unit 3 is connected to a substantially
central portion on both sides of the moving plate 2. Two hinge units
3 are formed substantially symmetrical with respect to the moving
plate 2, so that they hold the moving plate 2 in a balanced manner.

A center of gravity of the moving plate 2 is located in the vicinity of
an axis that the two hinge units 3 serve. 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 rectangular shape for reflecting light
beams incident from outside, for example, is formed on the top face

of the moving plate 2. The mirror film 2a is a metal film such as

12



A mcro-mrror device for |light scanning which uses a noving structure in
accordance with a first enbodi nent of the present invention wll be
described below. FIG 1, FIG 2 and FIG 3 show an exanple of the
mcro-mrror device in accordance with this enbodi ment. The micro-mrror
device (hereinafter, abbreviated as mrror device) 1 consists of a

m ni ature noving str uh i.ch S lJ & | ayers
\_1_V|ht h a r‘?z ;Qyﬂﬂﬂfr%"%i”ﬁ‘damtsﬁ J%?tﬁéi (g(gﬁggi)fgégpﬁgg% k ?)Irtlﬁidngl%?lechﬁol ogy.
e mrror devic to _be noynted on ti.cal jinst hasa

bar - codlé%aease%awbﬁbf%%mr%ﬁsya%i ot RO hgﬁﬁwﬁﬁ

external screen ht switc d has nto scan. li ht beans
whi ch ar@ov%gd)éﬁ?e? BHAEPT %ilﬁhaasalﬁ?r‘&%th ]&ﬁg(%f)léké tﬁ&glghgwn in the
figures). [0Q034] The mrror ice 1 configured of a

triple-lI Abanay e Sicrdemioan VAl @’b?)‘ag}lﬁ&rate 11 which is joined a
first silicon layer 11 a and a second silicon layer Ilb each having

el ectro{003&dctivity via a silicon oxidation film (insulation filnm 11c
havi ng insul ati on characteristics. A thickness of the SOT substrate 11 is
about 400 [ gniTheficimeiwiibdskas suppontingi pertiens #ador sypportmgthed t he
insulation film1llc are respectively about several tens [gn] and several

[gm, fdringeanmpite3, Bnel tivorstatiomary elécireda pextiengydbawhsol iaedevi ce t hat
upper face is substantially square of about 4 [nm in planar view, and

nmount ed dl@gb@@d eptsuepdbundstvaisity ehy phrspmsedf the angvasg plates2rate, for
exanpl e 035] A noving plate 2 which is forned to be a rectangul ar

shape, f»@huﬂ%_@@@bﬁle fielehéa ih Seipednmutige and irs whichitble are respectively
di sposed coaxial in both sides of the noving plate 2, and a frane unit 4

a1 "qeipchelouprbungs a: icaeh TnseppiBepasos konsd 1o

silicon¢av@htibhaty ASctBAWpRidhbaredeieR@GEally inSul He@each
other by insulation grooves 9 formed by removing the silicon layer
11a at boundaries of them, for example. The electrode pads 7a, 7b
are respectively formed on the supporting portion 4a and the
stationary electrode portions 4b, and it is configured that electric
potentials of the supporting portions 4a and the stationary electrode
portions 4b can be varied independently by changing electric
potentials of the electrode pads 7a, 7b. The electrode pads 7a, 7b are
formed of the same metal films as that of the mirror film 2a, for
example.
[0039]

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
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in aregion of the insulation filmlie and the second silicon layer IlDb

bel ow the noving plate 2, and the noving plate 2 is swi ngably pivoted by
the hinge units 3 and held on the frame unit 4. Wen the mrror device 1 is
in a static state, that is, not driven, it is configured that top faces of
the noving plate 2, the hinge units 3 and the frame unit 4 are aligned

substantially flat. [0 The. fr i .4 ] surround
t he mvirﬁavblf{%tpéa%. 2%?@@%&%’%8?1%@%30%?%8% %‘%eof: hﬁgﬁﬁfg? ?o eg whi ch
gener at e, dri,vi orges of ,the novin lLate 2 are.for vi ng

]E)I ate fztgﬁoelfﬁ §n€b &H%t“é.af%aé&%‘?g%@ B LREEE w}ﬂl gggﬂfcgtmgﬁoagot he top
ace of the fra unit 4 fo | yi ng.driwving,vol tages to the. perpendi cul ar
cogbs 5.({1[5‘|E?F§’ﬂ Y severqd‘r[pgp,&, gﬁp%%%li@%r‘?ngﬁ%‘ﬂ?herSWng%o%e% eé:(gpché)sa
substantjally central portion on hoth sides of the vin late 2. Two

hi nge urﬂlh gngd %5@“?@%%%?9% ’él‘ﬂ?r@ tmpg&mg&ﬁgwg W to the-
noving plate 2, so that they hold the noving plate 2 in a bal anced manner.
A _centerparallquamthwaﬂh othetmovi ng plate 2 is located in the vicinity of an
axis that the two hinge units 3 serve. Therefore, the noving plate 2 is
rotated [80d4@d the hinge units 3 serving as the rotation axis while
twisting the hinge units 3 when it is driven to swing by the perpendicul ar
conbs 5, so tlEhe eledtsodes Apaitecconducteal totlee eriacrtmege padr/arai the m

(mrror) 2a of rectangular shape for reflecting |light beans incident from

out si de,sufpporexanpbetionstd, cheelinge thit 3 and' deenmivinigeplateizhg fate 2. The
mrror film2ais a nmetal filmsuch as alum numor gold which is selected

cor r espahgi sihelr hahdithe élecerddegMd s@ercvndisstddvot thet dlectiodopadsvice 1. In
addition, the shapes of the noving plate 2 and the mrror film2a are not

'[ 63135 ]ed 19 via tRE sBNFbRarPRictrbd 8Pbrefoms 4br CIWHEh avdlwgte i or exanpl e.
applied between the electrodes 2b and 4d in a posture that the moving
plate 2 is a little slanted to the frame unit 4, that is, the state that the
electrodes 2b and the electrodes 4d are discrepant in a direction
perpendicular to the moving plate 2, attraction forces occur between
respective electrodes 2b, 4d due to electrostatic forces, so that the
moving plate 2 pivoted by the hinge units 3 is driven to rotate. In
other words, an electrostatic torque around the hinge units 3 serving
as the rotation axis acts on the moving plate 2 when the electrostatic
force generated by the driving voltage applied to the perpendicular
combs 5 acts on the moving plate 2 substantially perpendicularly, so
that the moving plate 2 is driven to swing.

[0041]
Subsequently, 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
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The frame unit 4 has supporting portions 4a for supporting the hinge units
3, and two stationary el ectrode portions 4b which are disposed to surround
two side end portions of the noving plate 2 which becone free ends in sw ng
notion and in which the perpendicular conbs 5 are fornmed. The supporting
portions 4a and the stationary electrode portions 4b are electrically

i nsul ated.each other by ingul ati . I he silicon
| ayer hacijr YGBQ%GBP@&’Y%VO@%&%% qwﬁ%(%géﬁﬁége&ﬁg@%ﬁﬁ %gg& \éggg a, 7b are
respectively fornmed o S orti artion 4 . 1 i Qpary
electro eﬁﬁ‘r"t‘feé @5‘% Jéagﬂi flpqquue&)&ﬁ?ivgaygtg E}h%?l%qgg‘tgﬁesrgﬁleﬁ ials of the
supporti ortiops 4 d,the statignary el ectrode pottions 4b gan be

vari ed it%gégl@ﬁ&@dfq Pa§§/a7n(bn§¥§@°r§§dellne@'fer p{atmégﬁ@ plgﬂcépq)c?e Pﬂéagpéc ode pads
7a, 7b. The el ectrodge pads 7a, 7pb ar ornmed of the sane netal filns as
that of YWIMEIHR SEe § aﬁ&ﬁ%@@?ﬁ@%@%@ﬂf@. dispessf in the SHRROY&RBendi cul ar
conbs 5 have el ectrodes 2b consisting of a.plurality of conb tooth forned
in the Padiamdagsreomrrcted tona gr@un%gelﬁpétﬂé @Rﬁﬁ?’@ﬁa@é}c free ends in
swi ng notion, and el ectrodes _4d consisting of a plurality of conb tooth
formed alectigides2bofithe moatingplajeel arerisddherelicrence £be¢tats ng t he si de
end portions of the noving plate 2. The perpendi cular conbs 5 are

conf i gurmatential hatWitem elemtricopletenzinlaraf the tve electnoged 4dodribage with

each other at a distance of several [rim, for exanple. In other words, the

el ect r odssrpeihdacdl e @andsay nao yadiquetpanpiiecidtarmined ldeivimg elgcptiat e 2 but
in parallel with each other. [0040] The el ectrodes 2b are conduct ed

to the gl@entikdgfopdxamplea seherslufemervohg) panulanebasly,thehfwge unit 3 and
the moving plate 2. On the other hand, the el ectrodes 4d are conducted to

the el eclleed®deadsh fhrivied fBoth @hldope¥tYors efithedaordngiplate 2tareVhen a

vol tage is applied between the el ectrodes 2b and 4d in a posture that the

. ! 4 f bbtai is, the stat
Moving PlifaR1dd 1 thelcleblitdusdd Fichy iem' baBlediobidtic foled s, L he state

the el ectrodes 4d” are discrepant in a direction

per pend!ﬁﬂhﬁ"taﬁgo%@g.sﬁg\bﬂ ﬂggﬁlcrj)?fr%r%eﬂ%rlaqttiig%ofnﬂ it ggﬂaggpmkmen

respective electr ue to electrostatic that the

oYL 805eds BEYBL RS aPLAURLS o e e penatalge L ot et
ot o b8 S50, 4, A R LA e RSB RUBLER FO S50 o
on 1 RGBS S sAeniog b Ao PEASKERIAG, i BRI 1
dovi co 1ayer difviscognesied tonihe erpundi derdic aBaus! jeresatbet e ari vi ng
forces aIilO%iIFl)é epdlg%eerzrg&? 9clhe(:j rhllgzgg%glrcse %uaGrrécc){fiVyﬁeinpg rs?aetre]:dtioc Iee}[ econbs > are

same electric potential, in this embodiment.

[0042]

Generally, in many cases, the above mentioned moving plate 2

inclines a little not level in the static state due to internal stress

generated in the shaping process. Therefore, even from the static

state, when the perpendicular combs 5 are driven, the driving forces

act on the moving plate 2 in a direction perpendicular to it, and thus,

the moving plate 2 can rotate around the hinge units 3 serving as the

rotation axis. Subsequently, even though the driving forces due to
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driven by applying voltages of predeterm ned frequency between the

el ectrodes 2b and 4d by frequently varying the electric potential of the
el ectrode pads 7b di sposed in the stationary el ectrode 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 el ectrodes 2b of the

novi ng ates 2 ar.e in the,referen | act ki t i-al . tric

pot ent i ﬁ:hg R)Efrpﬁl?éfl re"f%IPtb o%@ggﬁgﬁec?%e?h‘é’hgglr%%ng{bb{}ﬁgrp lgg%sﬁ%&% e varied
to a predeterm ned i viing, el ecty,ic _porential,(for exanpl several tens
vol ts) S?}Hﬂfs{"arﬁe@l?éﬂb? etlﬁgtrﬂfﬁseﬁéépﬁo%‘g§%p’f%FfPé8Vieﬁ ote[neend portions of
the noving plate 2 are attracted to the.electro 4d fagi .t hem by

el ect rosrflﬁf"inégféﬁ%g conhinves Lo fotate by 1§%}I§ermagﬁﬁfcﬁé¥]§ﬁ8q%lsFlpgi s
configured that pulse voliages. of. rectangul ar vefornos are applied to the
per penditbﬁllﬂmg?o%§553-ana{78ﬁ€ thej iperta EPE%Oé\SECtrBOFh%g[Pé?E?eEdPCUI ar conbs
5 are periodically generated, for exanple. In addition, rheﬁ)ﬁecond silicon
| ayer 11he nofatienndigeetionobesrmgsaaithldioetastpringotaises A1 twohinge t hat t he
moving plate 2 and the hinge units 3 are driven in a state to be the sane
el ect ri auyios 8ptthalrotation o sthevbay imgnplatg irpthat direcGomestonsy, At nany
cases, the above nentioned noving plate 2 inclines a little not level in

t he st atthés sitrat pthikiperpendicer ankcosibe S sargediivaneagdin, ane dreapioningr ocess.
Therefore, even fromthe static state, when the perpendicul ar combs 5 are
driven, plage dritartsotd eotacs iadheasppdsiteritewion dtyetlie restardig éotdesn
perpendicular to it, and thus, the noving plate 2 can rotate around the

hi nge unift the3hhiesey uRitsa3 dnethiotaiviag forces ofubseperpendicubarecomibsugh t he
driving forces due to the perpendicular conbs 5 are rel eased when the

movi ng P at By répkasng thesiothfiohRatud be the elriviadefortlesasftifdsd conpl etely

overlap, the "noving prate 2 continues to rotate by its inertial force while

twi st n%e{r?%n@i&%&r%ﬁlﬁs a%eﬂhetlkh%tbflﬁg fotces Yt Ohindeuiptsi 9 pl ate 2

in the tion direction becones equal to restoring forces of the hinge

units 3’thter1’fmﬁé/‘?%gtﬂl%e 9f it muggx%?ggﬁﬁgﬂdﬁ@ufaﬁaéorﬂbé?ﬁgf@ ArifedpPs. Al

this tine, rpendi cul ar riven agal n, t he noving plate
2 starts tg retate n_t I s [ ' t j rces of the
i nge. unpt SPBRLRIE THE viIARRGRR L R, S AR ECR Patelias 9775,
repeating the rotations due. to.the.drivi forc e.pe i.cul ar
conbs 5r§ﬁ8nﬁﬁger{g§(ﬂ'&??% Oqgggrag*oq ﬁgspﬁquceoqﬁgygg%?)gltwge ﬁg(ﬁlﬂﬂé plate 2
is swng., Th e ndi.cul ar conbs 5 are driyen b i ng the voltages
avi ng Plefeg it yhengedniiag. ol aoniiget BEFH BRVER of a

vi bration system configured by the npving plate 2 and the hi.nge units 3,
and it iRJatAfisydF¥en: WHh tqf@n%men@h%m%%@nm%oawwevﬂ BW1Hésonance
phenonenon to increase a sw ng angle thereof In addition, si ncci—: vol t age
appl i catanglertheneef.andntaddision,isigce vedtagr gpplicalion maniise and the

per pendi cul ar conbs 5 are not |imted to the above, it is possible to be
confi gurdnivirnmfraduentyi of thewltage ofdhe paypenddcalarstombsi vare wales.
Furthernmore, it is possible to be configured that electric potentials of

t he el edimdtizht@bhamboist, itiy possibititphbes e oadiguredhdrat theodi3ying FIG 4

shows vibration nodes and resonance frequencies cal culated by sinulation of
the noviysitpged ar@ applicthadyimesaidativeavey. cBupthdrm&reide is fpossiblieng pl ate

2 is hung on the
to be configured that electric potentials of the electrodes 2b and 4d
vary in antiphase each other.
[0043]
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
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frame unit 4 through the hinge units 3, it is vibrated in "in-plain
transl ati on node", "in-plane turn node", "out-of-plane translation node"
and "out-of -plane turn node" shown in FIG 4 due to expansion and
contraction transformati on or bending transformation of the hinge units 3,
further to rotation ("vibration in torsion node") due to torsion

f ' f hi [ . A4 Of IS, [0044
s mont 1 oaets Hnfa HEpRe W reR B 2% in VIR T B MR ¢ of ¢ e
[ | at . ' st the |ight b [ sel Vaadik i ired
Lo i ner daaesiabi tedEny ibraid nomady. < RERPHBIf Biatidn,y ool ate
2. | d [ t f the sw ti f th '
ol at o 2.mmpdey @b SpCa P FPBITGmads shoge WhFIG A tfat the Tesonance

frequency in the "torsion npde" to be equal to or,.snmaller.than.a constant

| evel , anepansipy and septraction fansfqrm W?B%ﬁn@dﬁg AR TAALP I he hi nge
units 3. On the other hand, in order to increase the stability qf the sw ng
mot i on off theehinge waits 3 Eurther tojrotaendsyihration e tersion MYdedonance
frequencies in the "in-plain translation node", "in-plane turn node",

" out - of -quiabe torsiosl transfonmatonaelithebinge upitnd argpadndeerotagion it i s
effective to increase tensional rigidity and flexural rigidity of the hinge
units 3 axibficiently. However, generally in order to increase the tensional
rigidity and the flexural rigidity of the hinge units 3, the torsional
rigidity0gf44]he hinge units 3 around the rotation axis is increased

i ncidentally, consequently the response of the swing notion of the noving

plate 2 is decAgafnefitioncd0fMdve, sinceTinds efevessaiyntsd kentrolrthre device 1, the
hinge units 3 are formed to have a | adder shape with honeyconbed portions

3c as sheyatukd oflthe thdvink!ftaté A ptediseBess sthgdhadighaddemshi nge” in FI G
4), so that the tensional rigidity and the flexural rigidity of the hinge

units 3 ﬁfe%i%%l&[ ?@?ﬁﬁeaqﬁiggd%%wcgegsé hesporisd analstabHi b7 tlhé sifiaghi nge

units 3'sim tot normal rod shaped hi nges conventional ly exi st

(it s %gi"dnrfg)g the ﬂlﬁkf%&é%ﬂgteﬂ?f‘gqh bf‘dé:ﬂ?,ﬁhirf’érea[sg%@]response':dfﬁ 5_shows

an ext ende e uni't hge uni t as tw n supporting rods 3a

. | T : . y bat
thetoi ineaae mtioldFyfe fla Sl bla®rs i RRB5ER, 16 U A 0 o eces
3b f d i ith th ' I . " [
ol anar ke #huscLSBanet e refoRaivE HrBi Rty if e &Ml bitRCRlenaee on' ot

I [jin, t hi ck [ i f | |t ind. . i ch
cor r capdthidlil Joiqt SRADEE tpHehePOnBH IENEL neiC s PN YONRr 112y, and a
I th di [ f ) | . hupd it . A di t th
suppor t | 44F1°888 158 tPESIoBai BUIE) OB dUEIEn ORfm - FI TEF SZ6FF eces 3b are
provided in a plural nunber, and respecti ve{ly aryr anged,subsft :}\lnti ally
per pendikandyrin erderts ippeasethergability of the swing motion of the

moving plate 2, it is necessary to increase the resonance frequencies
in the "in-plain translation mode", "in-plane turn mode",
"out-of-plane translation mode" and "out-of-plane turn mode", and it
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.
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[ 0047] In the hinge units 3, spaces encl osed by the supporting rods
3a and the crosspieces 3b becone the honeyconbed portion 3c so as to
restrain the torsional rigidity of the hinge units 3. In other words, the

hi nge units 3 have rigidity characteristics that it is transformable

[ 0049] Subsequent |y, manufacturing processes of the mrror device 1
are desigbasj. First, the first silicon layer 1 la is processed by

so-cal | iéro machi ni ng technol ogy such as |ithography or etching to form

shapes which wi.ll he the Vi n | ate. 2, ,the hinge unjt fyame unit
4, and the peﬂ&é"ﬁ&' QU dft tg%ngg%@or(%ylﬁe ])TQFEBQ}%% Rplt%ﬁf%feiﬁﬁ)g,&qie hi nge
units 3 are part.iall enetrated so that the hone nbed, porti.o c are

f or med. t?ﬂ@n‘ﬁ%élﬁ&iﬁ § ?Pﬁ]‘f"ztthf PREYCOMbE BB”fIQBé%(c)ﬁ ag HBBXYI? i“(l,gﬁ(?'ayer 11
a of the SO_ _substrate 11 using g, sputtering, methad, for exanple. B

patt eri dgtQ ﬁéafrgt é‘F 1§ idleﬁf:rli’ed] 2% g}acﬁlqrnhgggqgsm E&eé)oﬁottﬁé?gﬁﬁ fac)é of
each the noving plate 2 and the el ectrode pads 7a, 7b are fornmed on the to
face of t@@%llﬁ)m&é' 1gidite ang thesflexyoabrigidity Ogﬂb% gqﬁgﬁtqrws Bresecond P
silicon layer 2 is processed by bulk mcro machining technology to form
shapes whirdaseid witheassiringdive tonpional Wgidityafytheskingmiuptisckss). After
processing the first silicon layer Ila and the second silicon |ayer 11 b,
et chi ng sofmitaretoottiatat i narmial modlishapedbhifigesrednvEhtiosmathi ayist{ibes f or ned

frombelow the mrror device 1, for exanple, so that the oxidation film 1llc
at port idessribichieas t'saraigiehingeteinbilG.4)L s renoved (third process).

Thereby, it is a state that the hinge units 3 are transformabl e and the
noving poeY¥E]2 is swingable. [0051] After passing the first to third
processes, a plurality of the mrror devices 1 are forned on the SOT
substrate 11. A3 & shé®stdm ektended hinge unit 3.  The hinge unit 3 has

twin supporting rods 3a arranged in parallel with each other, and

crosspieces 3b bridged between the twin supporting rods 3a, and the

supporting rods 3a and the crosspieces 3b are formed in plane with

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 [um]. 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.

[0047]

In the hinge units 3, 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 transformable
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in torsional direction in particular due to existence of the honeyconbed
portions 3c. On the other hand, the rigidity characteristics of the hinge
units 3 becomes hard to transformin tensional direction and in flexural
direction due to the twin supporting rods 3a arranged with a distance and
t he crosspieces 3b conbining them By designing the supporting rods 3a and
t he crOjﬁﬁhgﬁes 3b properly in consideration with such rigidity

char act Hcs, it is possible to increase the resonance frequencies in

the "in-pl ai | ati de’. "in-pl § " oute of - pl

Lrans at ) on oo S manogreiisT s Ot o PRE mirB M558 T econance
f inthe " . de’ in.th L.evel that ,qf the straight
i nge,  dbeRATPoA-FI BiTsh e QskoHNCoD TANE dAAds BRAGSHoCAT 1n FI G 4

the resonance frequencieg.in the "in-plain jranslation.node", ."in-plane
turn nod@-cadgdyalene BiRg Agehne gwsvﬁh&éﬁrwr@ahysefﬁt%@% ef f ect
to restrain unnecessarﬁ/_ vi brations of the mivi ngw&éﬂ e 2 is.expected.

[0048] to fornrsbapesgehigh will be theappsing plate BEMMEID3at a first
end portions 31, and coupled to the noving plate 2 (SIC. the frame unit 4

i s corr éhe)frameuniicédnand thepamiendicrlargombissd §8rsapTERESS)r adhlis of
curvature of 5 to 10 [pn], for exanple, are forned at the first end portion
31 and tthés sienentheehihgoumitn3 32e partdly peostratediset hasshkavi ng a radi us
of curvature of several [pnj, for exanple, are forned at coupling portions
of the dinpoyddmbedagsisridansid dreefornosdpi ddean,3b mdtad filinh listforsgd 34 are
not limted to an arc shape (R-type shape) and they may be a |inear shape
(G type gihanep. fady 6f €6 silicoph uager 1Y acsf the SO substdatd ¢esusingoa med on the
SO substrate 11 is individually cut out. By these series of processes, a

pluralit Lﬂfer‘iﬁg MAbtHA, fiivétample ar Byputiachprnhd metall fikngausly, so that
it is possible To decrease the manufacturing cost of the mrror devices 1.

I'n addi th oo tiien BN AGLHEH h e Fase Uf &dvh e mRbvARY pistel2ar e not

f
limted to these, an}dl;lt I's possible to be fornmed by | aser process,

ul t r asonj, Gy YR 81 PGES Hals ’K@ngieﬁ@’foﬁ'ﬁged b(rjl”ﬂié FdBY 2@ e one.
gto the a

[ 0052] Accordin ove mrror devicel, since the hinge units
3is fo[ﬂ%}%leaﬁ tth | adder shape having the honeyconb portions 3c, it is

. possi bl i ieHekse the tensional rigidity and the flexural rigidity of

t he hi ng@ g@ts 3 sufficiently by the supporting rods 3a and the

Cr osspi (9 b while restraining the torsional rigidity of the hinge units

3 by honeyco tructure. Thereb it,.is possikl.e to increase,response and
stability of msﬁﬂ%tﬁbt' rFQﬂ"ﬁ%éﬂh%Q/‘? ﬁ@yfﬁ gtlé oncgﬁae‘ﬁﬁl}’s‘?“ﬁﬂe mirror
device 1 having gqod response and stability of .t.he sw ti.on of the
mrror dBCTOaBIAGRIBHE i’“ﬁ%ﬂ(‘b‘é‘&gww 306‘&%? ,Wéﬂﬁﬁiwmlg)gepﬁg%fﬁrgeto i nprove
qual ity of images of an optical instrunept. |In addi tit?],%’ Si nc.?. the twin
suppor t iunjt dosemalardyidsepend prosgssbes Adienpsosessiag the Brenyligam ¢ ne

movi ng plate 2, the supporting rods 3a and the crosspi eces, 3b_can be fornmed
easi |y Hgyerrdwiand the secosd silicomolayerykblb,1atchingrofedponyidrfion t he
honeyconbed portions 3c sinultaneously when renoving the circunference of

t he novifilgnpl lat & petfordigd.et dfiegtadringhis pekfernkikfirson, beloav ther or devi ces

| can be obtained by the sinple processes simlar to those of the nornal
mrror mirror device 1, for example, so that the oxidation film 11c 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.

[0051]
After passing the first to third processes, a plurality of the

mirror devices 1 are formed on the SOI substrate 11.  After the third
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devi ces conventionally exist, and it is possible to inprove the quality of
the image of the optical instrunment inexpensively. [0053] I n

addition, since the fillets 33 are forned 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.

Ther eby,. i.n_case,of. usi.ng .t h Vi r uc I time, it is
possi bl énttgrw@é‘tqlaélﬁe%t&gﬁrlileﬁ%ﬂgpcoqlggrdzlizekgb %%iﬁﬁieleF ?orijs end portion 31 and
t he secqnd end rtion 32 nd tRhus, dunrabi,l it f 1:.h i,hge units 3 is
enhance _orgy,ﬁqrngg,p%qt}.R.’tgs ?ﬁe {Ondhe %qleﬁr%m%’rﬁ%eed}lgﬁdﬁp{e coupl i ng
portions _of the.supportjng.rods 3 the crosspjeces 3b, it is possible
to di spér}?éag'ierré%té‘g‘gogébﬁgﬁngﬁ‘f Sgggf)??w&splb?’iqoa _anﬁﬁgf;@ ' in case of
usi ng the npving,struycture_in long fine, it,is possibl.e to restrain
occur r effeasismad rHERSLIPR 3&%11&1{&?@“@3@3?‘?%"5&% Efﬁ%ﬁe AR SARPOLE R &bi 1 i t y
of the hinge units 3 is enhanced. [0054 In adg'ti on, .the present

i nvent i gadss3matranged wdth 6 distangaad gt CINFSRIRLRH émbawnc& t he
enbodi ment, and it is possible to nodify in various manners progerl y within
the scophennt Bradgsigningethsuswpperting trodsiIs endithe. crasspiesds 38 FIG 6,
the supporting rod 3a and the supporting rod 3a' may be disposed not in
par al | elpreipebleac conshderatiopmatiasucheigididy dhwaapteristes $(18) shows an
exanpl e that a distance between the supporting rod 3a and the supporting

rod 3a' myssible fo isdreasd therteisonafiteifsequencieshim ther Fowplairhan a di stance
bet ween them at the second end portion 32, and FIG 6(b) shows anot her

exanpl e ttdyd]ation BicdetnCénhsianeetuirhhaode'n "supsdplaie tradsBtiond t he
supporting rod 3a' at the first end portion 31 is set to be wider than the

di st ancenBgEveR ! Heodiplane ’ReANRGdRNdvYr Asairing therrekbfanbe t he

supporting rod 3a has a side Li and a side L2 in planar view, and the

ti , | i ! i } i . Then, th
giuggmu 'fgg%ﬁgﬁ%;?g{l Jlg@f 2@55'0%%&@% thskimeevdl & aiarovitgw. Then e

one supporting rod 3a are not parallel to the

side L3 s\‘;t’/feb[qg.hleﬁlri]ﬁ-ggﬁag%h%fwdrg I,?ﬁ e W@%%&iﬁg dtroggiiééléu']aﬂbﬁnar vi ew,

S
respecti er wor one supportin as no side parallel to
t he side ide .4 e ppori ing. rod:3a:., i l.anar vi ew.
I n addi tspb%gggtﬁmgﬁ ﬁhee}'esslog‘Lar[élé gr(r%glat%ﬁéﬁ%?g@ thé o? %éﬁgﬂ%%g(}? ."22 rod 3a
are configyred,to be in parallel w th ch ek in 6,. they may be not
in par almg Cwi t 1" i%e 6?&19?1.10 e84 egfg%rse%%l 4rﬁ5n%ﬁé§1¥§nand the side L4
of the supporting rqd 3a' . .Furthernpre, although the,s orti rods havi ng
a rect al’fgﬁyﬁ&ﬂﬁ%%é&a‘fé&WS eqt 40j TaSHAh HREG érthErilﬁﬁn%Pé}%f, t he
supporting rods mhiih constitgte the hinge units 3 may have a round cross
secti on,manNg plate|la@xdredgde, the rel ations between the side LI and the
side L2, and_the side L3 and the side L4 in planar view remain unchanged.

Accor di 1§0é8]t he exanpl es shown in FIG 6, since the supporting rod 3a and

the supporti ngr rod 3a' are not )
he hinge unit 3 is coupled to the moving plate 2 at a first end

portions 31, and coupled to the moving plate 2 (SIC: the frame unit 4
is correct) 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).
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arranged 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 noving plate 2 effectively in the in-plain
transl ation node or in the in-plain turn node, for exanple. [0055]
Furthernore, it is possible to arrange the crosspi eces 3b not

per pendi cul ar to the rting: ) i and FIG 8.
FIG 7( aBmsCﬁé%saJ‘Hu ?@ﬁg?’g t;‘lﬁgg”{lﬁg d&s&%sgiﬁeﬁ‘g@g% d<'31’1r@eg.arsr(ailnged in parallel
wi th each .ot her, and.FlG.,7 shows, angj her exanpl e that the crosspieces
3 are- autaigas S miadivdnelly SCEEH oTho st SoREs AiotRg < Rt d
perpendi cul ar. to e supporting rads 3a. Still furthermore, FIG 8 shows an
exanpl e Hlﬁlé@flf)&\@fléﬁ]’@s@&plg’ééie@g?sah?%m%#a&tg’&filtggpﬂgﬁgﬂeo&sb c1Ossed and
coupl ed at cgenter portions of thegl According.to the 2xgrrpl es shown in FIG
7 and Fitbatat isppssibladodessegsedhs @Bnﬁf%ctr‘a’gin&lcpéﬁﬁ dNgdRpERdi cul ar to

t he supporting rods 3a, it is possible to increase the_ tensional rigidity
of the Hdewjeeari.t sl additions she manyéactasing puacesses; of g smprer ¢ o
restraint vibrations of the noving plate 2 in the nodes other than the

t or si on daxdee 1 araddittlimited to thegpiditis possible tadenforaedhy s 3 by
conbining the structures of the crosspieces 3b shown in FIG 7 and FIG 8
with t hdaser peocess ultrasoais vppoe prrogesodr 3hedilde,t 4red sLippay bieng rod 3a’

shown in FIG 6. [0056] Still furthernore, it is possible to

conf i gurferidesl bnedsy emet.s 3 by the twin supporting rods 3a, 3a' and a
plurality of sets of the crosspieces 3d, 3d', 3e, 3e', as shown in FIG
9, for e (the figure shows the hinge unit having two sets of the

crosspi eces).” The crosspiece 3d and the crosspiece 3d" which forma

counterpart eagfcotdifl & théaBdYRMINAGrcded edabeahleiinget waits 3 he
supporting rod 3a andthe supporting rod 3a'. I'n addition, the crosspiece

2o "0, SR, P R She e b aepannspel e s oo
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
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rod 3a'. Furthernore, an angle a that the crosspiece 3d crosses the
crosspiece part 3d' is set to be different fromanother angle 13 that he
crosspi ece 3e crosses the crosspiece part 3e'. According to the exanple
shown in FIG 9, since the flexibility to design the hinge units 3 to have
desired flexural rigidity and torsional rigidity, it is possible to

restrain, the vibrations t he g -pl 121 L= ransl ation
;mdehanZie.vacmopxpaﬁm‘fIyu%%”%ﬁdel?flgaa#séé ie & LAprble e G &1 1)
urt her , 4t 1S sible to.formthe .twin ting rods 3a, 3a' as
curves E@ﬁd\mag‘ﬁ o&?tge (i]at,lcglg}nquém .lnFﬁpﬁ§$Weg&l ar, the supporting rods
3a, 3a' 8rg350rmed as catenary curves. According to the exanple shown in

FI G 10,[ Pp3ils possible to distribute the stress acting on the supporting

rods 3a, 3a' nore evenly, so th the.durability,of the.hinge units 3 can
be i ncreased ﬁﬁraéiﬂlélro.nalsﬁnﬁ@dflﬁiaffb‘r‘?tﬁ 3 iagep‘glpsrg} at tﬂée ?Hi"ﬁt i%re the hinge
units 3 by conbining the supporting rods_3a,. 3a'. shown in FIG 10 with the
Cr osspi @mrglqm,?landgtlg@,seg@nd encisp@mopthoétﬁg_hl[r{g%gplt 3,1t1S| n additi on,
the hinge units and the el ectrodes constituting the perpendicular conbs may
be f or messiblieht® dispende sttdssen acaing ondihet Hast MP@tmﬁﬂM ®f a
single silicon substrate other than the SO substrate, or they may be
confi gursedont! endpoetioned? corbhetedry, an easead psgthEmeovirgore, the noving
structure may be configured to have flat conbs or driving el ectrodes which
are arr apgrdture ihackrg pimegitofs possibby togestraire ocepreanaggoticrackhe
per pendi cul ar conbs, ,

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.

[0054]

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 supporting rod 3a

and the supporting rod 3a' may be disposed not in parallel with each

other in planar view, for example. FIG. 6(a) shows an example that a

distance between the supporting rod 3a and the supporting rod 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
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and to drive the noving plate using electrostatic forces generated by them
as driving forces. Then, the noving structure may have a driving structure
to drive the noving plate by magnetic forces, electrostriction forces,
heat-striction forces, for exanple. The present invention is not limted to
one suitable for the structure of the light scanning mrror device, but it

e N N A T

o S TS RO SRR

perpend, ﬁlej ! 1gta%%%bbset(vgeen t gr%t Qt e? (s:éégrqgse)nd portion 32. In FIG. 6,
the supporting rod 3a has a side L1 and a side L2 in planar view, and
the supporting rod 3a' has a side L3 and a side 14 in planar view.
Then, the side L1 and the side L2 of one supporting rod 3a are not
parallel to the side L3 and the side L4 of the other supporting rod 3a'
in planar view, respectively. In other words, one supporting rod 3a
has no side parallel to the side L3 and the side L4 of the other
supporting rod 3a' in planar view. In addition, although the side L1
and the side L2 of the supporting rod 3a are configured to be in
parallel with each other in FIG. 6, they may be not in parallel with
each other. The same goes for the side L3 and the side L4 of the
supporting rod 3a'. Furthermore, although the supporting rods
having a rectangular cross section are illustrated in FIG. 1 and FIG. 2,
the supporting rods which constitute the hinge units 3 may have a
round cross section, and in the latter case, the relations between the
side L1 and the side L2, and the side L3 and the side L4 in planar
view remain unchanged. According to the examples shown in FIG. 6,
since the supporting rod 3a and the supporting rod 3a' are not
arranged 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. |
[0055]

Furthermore, it is possible to arrange the crosspieces 3b not
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3a, 3a': supporting rods 3b, 311: crosspieces 3d, 3d' : crosspieces 3e,

crosspi eces CLAI M . A noving structure conprising: a noving
pl ate; beam shaped hinge units which pivot the noving plate sw ngably;
a frame unit which supports the hinge units, wherein each of the

3e':

and

hi nge units has a | adder shape having twi n supporting rods and crosspi eces

Cods or PoiGE R SUPERHNEfors S A Shnup in FIB, JpRY FIR S 10

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 crosspieces 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. In
addition, it is possible to form the hinge units 3 by combining the
structures of the crosspieces 3b shown in FIG. 7 and FIG. 8 with the
structures of the supporting rod 3a and the supporting rod 3a' shown
in FIG. 6.

[0056]

Still furthermore, it is possible to configure the hinge units 3
by the twin supporting rods 3a, 3a' and a plurality of sets of the
crosspieces 3d, 3d', 3e, 3¢, + -+ as shown in FIG. 9, for example (the
figure shows the hinge unit having two sets of the crosspieces). The
crosspiece 3d and the crosspiece 3d' which form a counterpart each
other are crossed and coupled each other between the supporting rod
3a and the supporting rod 3a'. In addition, the crosspiece 3e and the
crosspiece 3e' which form a counterpart each other are crossed and

coupled each other between the supporting rod 3a and the supporting
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2. The noving structure in accordance with claim1l1l, wherein the twin
supporting rods have no sides disposed in parallel with each other in

pl anar view. 3. The noving structure in accordance with claim1l or 2,
wherein upper faces and |ower faces of the twin supporting rods and the
crosspieces in thickness direction are respectively fornmed on the sane

Lf?ﬁ' 33339?83?& ﬁéﬁ@?@‘é?ﬂ AP il IS oFPerlBog Ad Ghe G et oo
W TP oneTBRSRicaErRAT, b 13 ehiBrist i Beshiohormanaigs bRl Bt b £ ot “ana”
o U B RN L
2lng i Enr;e fﬁfﬁé‘hﬁlmﬁh@wfﬁm %Illg' f%\sii%e the fﬂ?&ihﬁm t%é&ﬁ‘l‘%l’éﬁb@ €/ one of

units 3 to have desired flexural rigidity and torsional rigidity, it is

possible to restrain the vibrations of the moving plate 2 in the

in-plane translation mode and in the in-plane turn mode effectively,

for example.

[0057]

Still furthermore, it is possible to form the twin supporting

rods 3a, 3a' as curves as shown in FIG. 10, for example. In particular,

the supporting rods 3a, 3a' are formed as catenary curves.

According to the example shown in FIG. 10, it is possible to distribute

the stress acting on the supporting rods 3a, 3a' more evenly, so that

the durability of the hinge units 3 can be increased moreover. In

addition, it is possible to configure the hinge units 3 by combining the

supporting rods 3a, 3a' shown in FIG. 10 with the crosspieces 3d, 3d',

3e, 3e',* * *shown in FIG. 9.

[0058]

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

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,
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to 5, wherein fillets are fornmed at coupling corners of the supporting rods
and the crosspieces. 7. The noving structure in accordance with one of
claims 1 to 6, wherein each of the hinge units has a set of crosspieces,
and the crosspieces are crossed and coupl ed each other between the tw n
support rods. 8. The noving structure in accordance with claim7,

wh i h .t he, hi . uni . i i
Sa%:;&aea_ b Rlri v Sud At st BleifosshlicPtorbEh pHlorpt PRy, <cosr an
. e .uct i d i i i

the t %%aﬁﬁ?%eérférée”%Efi:ix%ni@ﬁ%aﬁ“\c;&?pé’%ﬁréﬁ&u% Y 1VE woving
structure .in ac j im9, wh i ; i

curves.  driving Sircune do sk 108 Taeying DLaiePY SRAgREHS The6FRg siractare

descri bed in one of clains to 1Q, .and.characgterized . in that the novin
pl at e haglegtiastrigrionofonces) é@ﬂtﬁglptlgmfm&ﬁaa for example. The o

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.
List of Marks
[0059]

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, 3a': supporting rods

3b, 3b": crosspieces

3d, 3d': crosspieces

3e, 3e': crosspieces
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el ectrodes for driving the noving plate swingably are provided on a mrror
portion of the noving plate and a portion of the frane unit facing it.

12. A mcro-mrror device conprising the noving structure described in
claim 3, and characterized in that the noving plate has a mrror for
reflecting |ight, and el ectrodes for driving the noving plate

swi ngably are provided on a part ving plate and a portion of the
frame unit facing it to be perpengﬁé‘é:i&[g?o t he novi ng pl atg and in

parallel with each other.

1. 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 units has a ladder shape having twin
supporting rods and crosspieces bridged between the twin supporting

rods, and

the twin supporting rods are not disposed in parallel with each

other in planar view.

2. The moving structure in accordance with claim 1, wherein
the twin supporting rods have no sides disposed in parallel with each

other in planar view.

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

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

supporting rods.

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
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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.

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.

7. The moving structure in accordance with one of claims 1
to 6, wherein each of the hinge units has a set of crosspieces, and the
crosspieces are crossed and coupled each other between the twin

support rods.

8. The moving structure in accordance with claim 7, wherein
each of the hinge units has a plurality of sets of crosspieces, and each

set of the crosspieces cross at an angle different each other.

9. The moving structure in accordance with one of claims 1

to 6, wherein the twin support rods are formed as curved lines.

10. The moving structure in accordance with claim 9,

wherein the curved lines are catenary curves.

11. A micro-mirror device comprising the moving structure

described in one of claims 1 to 10, and characterized in that
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the moving plate has 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.

12. A micro-mirror device comprising the moving structure
described in claim 3, 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.
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