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I nvention [0001] The present invention relates to a foreign matter
renoval unit for elimnating foreign matter such as dust and the

| i ke, and an optical apparatus having the sane. Description of the
Rel ated Art

TITLE OF THE INVENTION

FOREIGN MATTER REMOVAL UNIT AND OPTICAL APPARATUS HAVING THE

SAME

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a foreign matter
removal unit for eliminating foreign matter such as dust and
the like, and an optical apparatus having the same.
Description of the Related Art

[0002] Optical apparatuses such as digital cameras or the
like which perform imaging by converting a subject image
into electrical signals receive a photography light flux
with an imaging device, and convert photoelectric conversion
signals output from the imaging device into image data.

With such imaging apparatuses, optical low-pass filters and
infrared ray absorbing filters are disposed on the subject
side of the imaging device. In the event that foreign
matter such as dust or the like adheres to the face of these
filters, the portions in the photographed image where the
adhesion has occurred appears as black spots, deteriorating
the appearance of the image. Particularly, with digital

single-reflex cameras with exchangeable lenses, mechanical



[ 0002] Opti cal apparatuses such as digital caneras or the |ike which
performimagi ng by converting a subject imge into electrical signals
recei ve a photography light flux with an i nagi ng device, and convert
phot oel ectric conversion signals output fromthe inmaging device into
i mge data. Wth such i mgi ng apparatuses, optical |ow pass filters
and infrared ray absorbing filters are di sposed on the subject side
of the imaging device. In the event that foreign nmatter such as dust
or the like adheres to the face of these filters, the portions in the
phot ogr apRET I NFeBRT Whet¥h RS ABReENORt Hadst A FEd TaPRAITS: O PAEK

spots, deteriograting the appearance of the . mage. Particularly, wth
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in close proximty to the 1 magi ng device and there are cases where

foreign mattigingush as wisle hatnhagsaprd cdalied ab thessurmdgparts
adheres to the surface of the inmaging device or filter. Also, foreign

mat t er sucheasmdyshg Myvient er theteamerd slodyotedym triket Heensunbuas
openi ng when exchangi ng | enses, and adhere to the surface of the
i magi ng dewistemay éntewrrthe GEOBFFheeedy i Srdmdkre denaympenhveriehifdgch
phenonena by vibrating the optical filters provided at the subject
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renove foneign matt er suchéﬁitg%st whi ch has adhered to the surface
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[0003] There is known a way to avoid such phenomena by
vibrating the optical filters provided at the subject side
of the imaging device using a piezoelectric device, so as to
remove foreign matter such as dust which has adhered to the
surface of the optical filters.

[0004] At this time, to effectively remove foreign matter
such as dust, the optical filter is preferably vibrated at a
resonant frequency of the optical filter by the
piezoelectric device, so as to increase the amplitude of the
vibrations. However, the resonant frequency differs
depending on the external shape of the optical filter, the
thickness thereof, physical property parameters, and so
forth, so the resonant frequency for each optical filter
differs due to variation in fabrication precision,
manufacturing processes, and so forth.

[0005] Accordingly, with the invention disclosed in

Japanese Patent Laid-Open No. 2009-17461, a piezoelectric



[ 0004] At this time, to effectively renove foreign matter such as
dust, the optical filter is preferably vibrated at a resonant
frequency of the optical filter by the piezoelectric device, so as to
i ncrease the anplitude of the vibrations. However, the resonant
frequency differs depending on the external shape of the optical
filter, the thickness thereof, physical property paraneters, and so
forth, so the resonant frequency for each optical filter differs due

t iation.in fabrjcati i sion, facturi , d
so forth. SFOOBS] ACOHRTY "SRFEH PHE THUeHt 6n “6FSCTBSet 19F Jhgdnese
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near by one si a rectangul ar optica ter, so as to 'be parallel

to that sigdeecEurfderipiaidet @ehebhers vidy addarast @t ecof, tdhe opti cal
filter, one detecting electrode is disposed on the piezoelectric
devi ce sepatateliygfeDirtarod act Hadposed & inHaN@iecandl ever tetdstiicag
ground el ectrode is disposed on the back face thereof. The resonant
f r equency sepasehe thetirfroranvisillestmode t 6eF iy ithiege| ectlr ode deidadgey
t hereof, the optical filter is vibrated using the found resonant

f r equency 9r8RBAdBsECRIRAS He [GiREOAAACPT nEie PaFre faarf heret ¢ héhe
optical filter is £ennved. SUMVARY OF TPE | NVENTI ON

resonant frequency is searched for while monitoring the
electrode voltage thereof, the optical filter is vibrated
using the found rescnant frequency, and dust and the like

adhering to the surface of the optical filter is removed.
SUMMARY OF THE INVENTION

[0006] An aspect of the present invention is a foreign
matter removal unit including a rectangular optical member
disposed on an optical path, in which is set an optically
effective region through which a light flux passes; a
piezoelectric device provided to a side of the optical
member on the outer side of the optically effective region;
and a vibration suppression member provided to a side of the
optical member where the piezoelectric device is not
provided, wherein the vibration suppression member is
provided to the optical member such that an edge face of the
side of the optical member where the vibration suppression

member is provided does not protrude out from an edge face



[ 0006] An aspect of the present invention is a foreign matter renoval
unit including a rectangul ar optical nenber di sposed on an opti cal

path, in which is set an optically effective region through which a
| ight flux passes; a piezoelectric device provided to a side of the
optical nenber on the outer side of the optically effective region;
and a vibration suppression nenber provided to a side of the optical
menber where the piezoelectric device is not provided, wherein the

vibration s ressjon penber is provided to the optical nenber such
that an edfe PHcB BF=Ehe" o RGP CRE BETPTal AGABEN Uher® g

vi bration suppr, Sﬁh%n er, 48 RLoYEded: foes; ’}Ptofpr%wg?o%“aé rom
an edge fdce o e vibration suppression nenber.” According to the

present invpntdsen, rgElects @fe 1pfieati RBmot Vi ald QRS ahathe edge
faces of the optical nenber can be attenuated and/ or absorbed.
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effectively used, and foreign matter renoving capabilities can be

i nproved. G FhFurther faathe effetttihelpresent ambdotredopnwndttdrecone
apparent fromthe follomjng_descrigtion of exenplary enbodi nents w th
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[0007] Further features of the present invention will
become apparent from the following description of exemplary

embodiments with reference to the attached drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 is a block diagram illustrating the
functional configuration of a digital camera according to an
embodiment of the present invention.

[0009] Fig. 2 is a perspective view schematically
illustrating the configuration of an imaging unit.

[0010] Fig. 3 is a graph illustrating the relation between
flexural vibration frequency and amplitude with two
vibration modes from excitation at an optical low-pass
filter in a first embodiment.

[0011] Figs. 4A and 4Bbare diagrams illustrating m order
and m+l order vibration mode forms, and voltage applied to
two piezoelectric devices according to the first embodiment.

[0012] Fig. 5 is a diagram for describing the behavior of



[0008]Fig. 1 is a block diagramillustrating the functional
configuration of a digital camera according to an enbodi nent of the
present invention. [0009]Fig. 2 is a perspective view schematically
illustrating the configuration of an imaging unit. [O0010]Fig. 3 is a
graph illustrating the relation between flexural vibration frequency
and anplitude with two vibration nodes fromexcitation at an opti cal

| ow-pass filter in a first enbodinent. [0011] Figs. 4A and 4B are

di agr ans iIIustratin%‘nlorder _ _ ,
the optical Tlow-pass filter in a case of generating flexural

vibration of two vibration modes by excitation at the same
time.

[0013] Fig. 6 is a diagram for describing the behavior of
the optical low-pass filter in a case of generating flexural
vibration of two vibration modes by excitation at the same
time.

[0014] Fig. 7 is a diagram for describing the
configuration of a piezoelectric device.

[0015] Figs. 8A and 8B are diagrams illustrating a first
embodiment, where Fig. 8A is a diagram of a configuration
with two vibration suppressing members having been applied
to the optical low-pass filter, and Fig. 8B is a cross-
sectional diagram taken along VIIIB-VIIIB in Fig. B8A.

[0016] Fig. 9 is a diagram describing a detected waveform
detected by a vibration detecting circuit when the optical
low-pass filter is vibrated at a frequency f.

[0017] Figs. 10A and 10B are diagrams illustrating a
modification of the first embodiment, where Fig. 10A is a
diagram of a configuration with a vibration suppressing
member having been applied to the optical low-pass filter,
and Fig. 10B is a cross-sectional diagram taken along XB-XB
in Fig. 10A.

[0018] Fig. 11 is a graph illustrating the relation

between the frequency and amplitude of two standing waves



and mtl order vibration node forns, and voltage applied to two

pi ezoel ectric devices according to the first enbodi nent. [0012]Fig. 5
Is a diagram for describing the behavior of the optical | ow pass
filter in a case of generating flexural vibration of two vibration
nodes by excitation at the sane tinme. [0013]Fig. 6 is a diagramfor
descri bing the behavior of the optical |lowpass filter in a case of
generating flexural vibration of two vibration nodes by excitation at

the sane tine. E0014]Fig. 7 is a. diagramfor describing the_.
generated due to excitation at the optical low-pass filter

in a second embodiment.

[0019] Figs. 12A and 12B are diagrams illustrating m order
and m+1l order vibration mode forms, and voltage applied to a
piezoelectric device according to the second embodiment.
[0020] Figs. 13A and 13B are diagrams illustrating the
second embodiment, where Fig. 13A is a diagram of a
configuration with a vibration suppressing member having
been applied to the optical low-pass filter, and Fig. 13B is
a cross-sectional diagram taken along XIIIB-XIIIB in Fig.
13A.

[0021] Figs. 14A and 14B are diagrams illustrating a
modification of the second embodiment, where Fig. 14A is a
diagram of a configuration with a vibration suppressing
member having been applied to the optical low-pass filter,
and Fig. 14B is a cross-sectional diagram taken along XIVB-

XIVB in Fig. 14A.
DESCRIPTION OF THE EMBODIMENTS

[0022] Vibrating an optical filter generates reflections
of the vibrations at the edge face of the optical filter,
and the reflected vibrations and main vibrations exhibit
interference. The effects of the vibration interference is

manifested in irregularity in the magnitude of vibration



configuration of a piezoelectric device. [0015]Figs. 8A and 8B are
diagrans illustrating a first enbodi nent, where Fig. 8A is a diagram
of a configuration with two vibration suppressing nenbers havi ng been
applied to the optical |owpass filter, and Fig. 8Bis a
cross-sectional diagramtaken along VIIIB-VIIIB in Fig. 8A

[0016]Fig. 9 is a diagram describing a detected waveform detected by
a vibration detecting circuit when the optical |lowpass filter is
vibrated at a frequency f. [0017] Figs. 10A and 103 are diagrans
iIIustrat@ﬁ@latﬁéﬁi@fc%ﬁﬁ(ﬂ?ﬁﬂcaﬂhélgF?ét b OFCHERENCRhef € Fig. 10A

is a diagraglof,a configﬁg_ 'og mj%h a vibration up ressjng menber

havi ng be&nPapptPRPIT T a%lﬁttl o4l F%%%§%ﬁslet é’%, gﬁdmﬁrb. 10B is a
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interference are even greater when the optical filter is
rectangular than circular. In the event that a vibration
detecting electrode is situated at a location which
experiences vibration inference, irregularity in the
magnitude of electrode voltage and phase shift occur, making
it difficult to accurately detect the main vibrations. In
the event that main vibrations are erroneously detected,
vibrations will be applied which are off from the intended
frequency and phase, which impedes the capabilities to
remove foreign matter from the optical filter.
[0023] Nonetheless, the invention disclosed in Japanese
Patent Laid-Open No. 2009-17461 makes no mention whatsoever
regarding the placement of vibration detecting electrodes
taking reflected vibrations into consideration, so the
capabilities to remove foreign matter from the optical
filter may be impeded under the effects of reflected
vibrations.
[0024] Embodiments of the present invention will be
described in detail with reference to the drawings. An
example of applying the present invention to a digital
cameral will be described as an example of an optical

apparatus having a foreign matter removal unit.



[0018]Fig. 11 is a graph illustrating the relation between the
frequency and anplitude of two standing waves generated due to
excitation at the optical lowpass filter in a second enbodi nent.

[ 0019] Figs. 12A and 12B are diagrans illustrating morder and mtl
order vibration node forns, and voltage applied to a piezoelectric
devi ce according to the second enbodi nent. [0020] Figs. 13A and 13B
are diagrans illustrating the

First Embodiment

[0025] Fig. 1 is a block diagram illustrating the
functional configuration of a digital camera 100 according
to a first embodiment. A microcomputer (hereinafter
abbreviated to "MPU") 101 is a central processing unit, for
example, which controls the operations of each block which
the digital camera 100 has. Connected to the MPU 101 are a
mirror driving circuit 102, a focal point driving circuit
103, a shutter driving circuit 104, an image signal
processing circuit 105, a switch sensor circuit 106, a
photometry circuit 107, a piezoelectric device driving
circuit 111, and a vibration detecting circuit 112, these
circuits operate under the control of the MPU 101.

[0026] The MPU 101 performs communication with a lens
control circuit 202 within an imaging lens unit 200 via a
mount point 21. Upon the imaging lens unit 200 being
connected, the MPU 101 receives signals via the mount point
21, and thereby determines that communication can be made
with the lens control circuit 202 of the imaging lens unit
200. The lens control circuit 202 receives control signals
from the MPU 101, and thus drives an imaging lens 201 within
the imaging lens unit 200 and a diaphragm 205 by way of an
AF driving circuit 203 and a diaphragm driving circuit 204.
Note that while only one imaging lens 201 is illustrated in

Fig. 1 to facilitate illustration, in reality the imaging



second enbodi nent, where Fig. 13A is a diagramof a configuration
with a vibration suppressing nenber having been applied to the
optical lowpass filter, and Fig. 13B is a cross-sectional diagram
taken along XI1IB-XIl11B in Fig. 13A. [0021]Figs. 14A and 14B are
diagrans illustrating a nodification of the second enbodi nent, where
Fig. 14A is a diagramof a configuration with a vibration suppressing
menber having been applied to the optical |owpass filter, and Fig.
14B is a cross-sectional diagramtaken along XIVBXIVB in Fig. 141k.
DESCRI PTI ONn&F2 THE. £NVBODIINENES p0022§ 244y atuimbpgrarfopeneadrduids emch
generates reflections of the vibrations at the edge face of the
optical fidst éPcuairy tifarssr e8¢t E8evibFati ons and main vibrations

cx b L IbRgbST ense JHoel {2515 0L Sheoiral on Likertersrse fs,
example, and focuses a photography light flux on an imaging
device 33 by changing the focus lens position within the
imaging lens 201 by controlling the lens control circuit 202.
The diaphragm driving circuit 204 is a diaphragm mechanism
such as an automatic iris for example, and changes the
aperture of the diaphragm 205 under control of the lens
control circuit 202.
[0028] A main mirror 6 guides the imaging light flux
passing through the imaging lens 201 to a pentaprism 22
while being maintained at an angle 45° as to the imaging
optical axis shown in Fig. 1, and also transmits a portion
thereof, which is guided to a sub mirror 30. The sub mirror
30 guides the photography light flux which has passed
through the main mirror 6 to a focal point detecting sensor
unit 31.
[0029] The mirror driving circuit 102 is configured of a
DC motor and gear train for example, and drives the main
mirror 6 to a position where a subject image is observable
through the viewfinder and a position retracted from the
photography light flux. Upon the main mirror 6 being driven,
at the same time, the sub mirror 30 also moves to the

position for guiding the photography light flux to the focal



anplitude of the optical filter, and occurrence of a vibration phase
different fromthe phase of the main vibrations. Particularly, the
effects of vibration interference are even greater when the optical
filter is rectangular than circular. In the event that a vibration
detecting electrode is situated at a | ocation which experiences
vibration inference, irregularity in the nmagnitude of el ectrode

vol tage and phase shift occur, making it difficult to accurately
detect the main vibrations. In the event that main vibrations are

er r oneousppidét detedting remsiognsnik| Bl bencgpla egswhiieh aelerasfttied rom
the i ntended frequency and phase, which inpedes the capabilities to
renove f or&iPgn thet PRYEIF RS 16t 6415 filter. [0023] Nonet hel ess, the
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capabilities to renmove foreign matter Tromthe optical filter nay be
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of the present invention will be described in detail with reference
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digital caneral wll be described as an exanple of an optical
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Signals output from the focal point detecting sensor unit 31
are supplied to the focal point driving circuit 103
converted into subject image signals, and then transmitted
to the MPU 101.
[0031] The MPU 101 performs focal point detection
computation by phase difference detection based on the
subject image signals. Specifically, the MPU 101 calculates
the amount and direction of defocusing using subject image
signals, and drives the focusing lens within the imaging
lens 201 to the focal point position by way of the lens
control circuit 202 and AF driving circuit 203, following
the defocusing amount and direction thereof that has been
calculated.
[0032] The pentaprism 22 performs conversion reflection of
the photography light flux reflected at the main mirror 6
into a normal erect image. Accordingly, the photographer

can observe the subject image through a viewfinder eyepiece

window 18 via a viewfinder optical system. Also, the

- 10 -



[0025]Fig. 1 is a block diagramillustrating the functional
configuration of a digital canmera 100 according to a first

enbodi nent. A m croconputer (hereinafter abbreviated to "MPU') 101 is
a central processing unit, for exanple, which controls the operations
of each bl ock which the digital canera 100 has. Connected to the MPU
101 are a mrror driving circuit 102, a focal point driving circuit
103, a shutter driving circuit 104, an imge signal processing
circuit 105, a switch sensor circuit 106, a photonetry circuit 107, a
pi ezoel ecPenEabeisR 2 duiideg éi Pearton1af téed PROGPEE Ak oN dttediitig

circuit 112. these circuits operate under the control of t MPU 101.
[ 0026] The P8 Ebﬁt?%ﬁW%ﬁﬁf“@Sﬁnaﬁrc&?ﬁbﬁhﬁFPﬁeErYéﬁg"%BﬁtFgﬁ circuit

202 within an ipeging l.ens unit 200, vi n i he
“magi ng | GREUGRIT 00 Belrg esesrei S uRbu BT PhsarieciEials
via the maunt pogat; 2l, 1apd nbherely del £rdw nesnt hakcoamund cation can
be made with the lens control circuit 202 of the imging | ens unit

200. The l@Rsreabis®lpItdeUiahd202tpeeSi V@S HOMPIUOK 031 grmles MbuODDL he
MPU 101, and thus drives an imaging lens 201 within the inmaging |ens
unit 200 aadcaldtapheagm2Es vby ueapaséd arn Afhedliimingnce rewgntalz03 and
a diaphragmdriving circuit 204. Note that while only one inmaging

| ens 201 i[90BBlust PasBdtEar Aigit 132 ¢ sf acprharecdd |ipsedarildRe in
reality the imaging lens 201 is configured of a %reat nunber of |ens

groups  suchugSefotdsi HpMRIFeedngndtt kS| 1% Jf062%) PhetAE WIS ng

cireuit 2% sg%%iggSQQBﬁh%%tU?%%Bef95a the viewfinder eyepiece window

18, the leading blade of the shutter is in a shielding
position, and the trailing blade of the shutter is at the
exposure position. Also, when shooting, the leading blade
performs exposure scanning of moving from the shielding
position to an exposing position, thereby allowing the
photography light flux to pass through, and the later-
described imaging device 33 performs imaging by performing
photoelectric conversion of the subject image that has been
imaged thereupon. After a set shutter time has elapsed, the
trailing blade performs shielding scanning of moving from
the exposing position to the shielding position, thereby
completing shooting for one piece of image data. Note that
the shutter unit 32 is controlled by the shutter driving
circuit 104 which has received control commands from the MPU
101.

[0034] The image signal processing unit 105 performs A/D

- 11 -



exanpl e, and focuses a photography light flux on an inmagi ng device 33
by changing the focus lens position within the imaging | ens 201 by
controlling the Iens control circuit 202. The di aphragm driving
circuit 204 is a diaphragm nechani sm such as an automatic iris for
exanpl e, and changes the aperture of the di aphragm 205 under control
of the lens control circuit 202. [0028]A main mrror 6 guides the

i maging light flux passing through the inmaging lens 201 to a

pent aprism 22 while being maintained at an angle 45 as to the imaging
optical axicavehewAni PrFigEsing ghdaahsed t eausmstignalpof vt tHameof
which is guided to a sub mrror 30. The sub mrror 30 guides the

phot ogr ap elFBﬁEngu&eWﬁﬁﬁsﬁ3ha§n8a§§EEP?ﬁﬁ%ﬁ&&ﬁrﬁﬁevﬁﬁ?ﬂu?ﬁ?¥Rﬁs 6%t o

a focal paint detecting sensqr unit .31 0029] The mrror dri.vi
irourt 1078 BERFT LT 0T DR Helar g a PRrAreS G

and dri ve%utcﬁe agahgigy NN goe@oo%%%iikbc,’”g&’ﬂﬁr&ﬁé&%mr&cg;ﬂo%@ggih&,

observabl e through the viewrinder and a"poSition retracted fromthe

phot ogr aphyd isghtobttX. THRORWE hen NBédsdH Jiktubtbed ag: Hiismeants ab the
same time, the sub mrror 30 also noves to the position for guiding

t he phot oghaphpul Lght idpux digriaie fopat bpoihd phettegtepgesensor unit

31 and the position retracted fromthe photography light flux.
operating a user inter face which the digital camera 100 has,
including a main switch 43, cleaning switch 44, and so forth.
The cleaning switch 44 is a user interface for giving
instruction for removal of foreign matter such as dust and
the like which has adhered to the surface of an optical low-
pass filter 410, and removal of foreign matter on the filter
can be manually performed by the photographer operating the
cleaning switch 44.
[0035] An imaging unit 400 serving as a foreign matter
removal unit is a unitized block of parts including the
optical low-pass filter 410, piezoelectric device 430, and
imaging device 33. The imaging device 33 is an imaging
device such as a CMOS sensor or CCD or the like for example,
and as described above outputs analog image signals by
performing photoelectric conversion of a light image of a
subject that has been imaged thereupon. The piezoelectric
device 430 is a single-chip piezoelectric device for example,

and is configured so as to be vibrated by the piezoelectric

device driving circuit 111 which has received control

- 12 -



[ 0030] The focal point detecting sensor unit 31 is configured of a
field | ens di sposed near an unshown i magi ng plane, a reflecting
mrror, a secondary inmaging |lens, a diaphragm a |line sensor made up
of nmultiple CODs, and so forth, and perforns phase difference focal
poi nt detection. Signals output fromthe focal point detecting sensor
unit 31 are supplied to the focal point driving circuit 103 converted
into subject imge signals, and then transmtted to the MPU 101.

[ 0031] The MPU 101 perforns focal point detection conputation by phase
di f f er enceideréet Form bdsedFdn 10Rhe s0dj eransmidgahsi gadkstions to the
Specifically, the MPU 101 cal cul ates the anmobunt and direction of

def ocusi n§PidrAg LoBjRRYS ifd§ersitglal s, and drives the focusing |ens

wi thin the i magin ens_201 to _the focal int position by way of the
lons. Cont S5t CELRER FD0F SR FE=AE by el Tl ¢ 903, 1ol Lowi ng the

dEfOCUSinqo%g%?nt.%ﬁg dkﬁgciﬁgﬁgh?QHﬁgi4b%agep??%%quEP%%Qgggﬂed'

[ 0032] The penpaprlsn122 pertor conversion ret tion of t
phot ogr aphy thk@htehbbxa nafiltecthednabet REriB FertBval0b £6 £b A Oyl At

erect image. Accordingly, the photographer can observe the subject

i mage threughha vpheMmdnderw-@pepi €detur ndoiv B8 wikaaaivhewhée netef will

optical system Also, the
be described in further detail with reference to Fig. 2.
Fig. 2 is a disassembled perspective view schematically
illustrating the configuration of the imaging unit 400.
[0037] The optical low-pass filter 410 disposed in front
of the imaging device 33 is a single birefringent plate
formed of a crystal, rectangular in shape. The optical low-
pass filter 410 is a rectangular optical member placed upon
the optical path, and the optically effective region where
the light flux passes through is set. The optical low-pass
filter 410 has a perimeter portion where a pair of
piezoelectric devices 430a and 430b are disposed on the
outer side of the optically effective region, and directions
orthogonal to the photography optical axis (the right and
left directions of the camera) are symmetrical. The surface
of the optical low-pass filter 410 configured this 1is coated
with an optical coating for cutting out infrared rays,
reflection prevention, and so forth.

[0038] The piezoelectric devices 430a and 430b are each

integrally formed of multiple electrodes upon a single
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pentaprism 22 gui des a portion of the photography light flux to a
photometry sensor 37. The photonetry circuit 107 converts the
phot ogr aphy val ues output fromthe photonetry sensor 37 into

| um nance signals of each area on the observation plane, and outputs
to the MPU 101. The MPU 101 cal cul ates exposure val ue based on the

| um nance signals. [0033]A shutter unit 32 is a nmechanical focal

pl ane shutter for exanple, and at the tine of the photographer
observing a subject inage via the viewfinder eyepi ece wi ndow 18, the
| eadi ng blradeocelethelsmentterr,i gsi deacshted diatgrposkvinon, a s itdre
trailing blade of the shutter is at the exposure position. Al so, when
shoot i ng, SPRESPeadF Dt dPs™per Fatihsl oxi68eredsEaht Hg D SFBPFRGVE r om

bhot ogr apRYSFFORES | T 5 BRsS hr OABFbSShd HAE™| AL0r THabr B o
Inaglng.d%%B%ﬁe 3 RE%%P% chg?@éfﬁ%PMﬁgg%E%EggTQCE¢%? é%@@@ Q30i
conversion of the subjec I nage t t as “been I naged ther eupon. fter

a set shuther sbbpeahasagiBReeds the bealhdng Rladepest ofmd stildi ng
scanni ng of nmoving fromthe exposing position to the shielding

posi tion, 1thepaby €orpdetdity sslkbothag fiod e plieeeoof themge dat a.
Note that the shutter unit 32 is controlled by the shutter driving
circuit l@4ewbethchase rareiosed3enwhdth cosmrnds sftr pirethel ¢ ik01.

[ 0034] The i mage signal processing unit 105 perforns AID conversion
processi n§eFAcanaf oprTiage igrRaPs sbatputidd oifrehéiffhgPhgthfevi ce 33,

and further perﬁoéms_vario S typ $ of image processing on the digital

i mage dat &P6BERIN awtﬁaeﬁseb%j‘, tseﬁc% s ﬁ%ﬁis‘gﬁ aISlS'?o8gsE ‘g, gain

adj ust ment, ;B,88988E e AR A0 459! lhn: IHE; S 1R SANBRLLELISM 1 H06
device is parallel to the other short side (other side) of
the optical low-pass filter 410.
[0039] The optical low-pass filter 410 is vibrated in
waves such that multiple nodes and antinodes are formed
parallel to the sides thereof. Cyclic voltage is applied to
the piezoelectric devices 430a and 430b, so that the
piezoelectric devices 430 exhibit expansion and contraction.
The optical low-pass filter 410 also exhibits cyclic flexing
deformation accordingly. Details of the vibration will be
described later.
[0040] An optical low-pass filter retaining member 420 is
formed of resinrgr metal, and regains the optical low-pass
filter 410. The optical low-pass filter retaining member

420 is fixed by screws to an imaging device retaining member

510.
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the MPU 101 input signals input by the photographer operating a user
inter face which the digital camera 100 has, including a main sw tch
43, cleaning switch 44, and so forth. The cleaning switch 44 is a
user interface for giving instruction for renmoval of foreign matter
such as dust and the |ike which has adhered to the surface of an
optical |low pass filter 410, and renoval of foreign matter on the
filter can be manually perforned by the photographer operating the
cl eaning switch 44. [0035]An imaging unit 400 serving as a foreign
matter ren®@dlluni tA pFeasungtneadok bk pokspast shé negudiadg lolepass
optical |owpass filter 410, piezoelectric device 430, and i magi ng
devi ce 33.fither ARQi hgvaleitte 3B3apsnande Ve n deVRe PSRN s a CMOS
sensor or CCD or the |like for exa and as describegéfbove out put s

| e, (
anal og in€6€b§Fgﬁépsl%yriﬁﬁ¥Qﬁ4ﬁaﬁgeon?BE+ Y E8139ef 51 b of a
light Image of a aurl%lerﬁtg%rti?ot hag. b;g;?e”%sii%a ed phereupon, The
“Chi

. alau_n .
pi ezoel ectric dévrce is a singl p pi €zoelectric device for

exanpl e, anddi$ieani, Qe SR Q BeoUhErasad By Jehenki gzoslactric
device driving circuit 111 which has received control signals from

the MPU 1Qkmeadd 1b0ansmet firbatvobr ethd ofiScitad it hewophkeatilow @ASSis

filter 410. Structure for Foreign Matter Renobva
also electrically connected to the ground portion of the
digital camera 100. Thus, electrostatic adhesion of dust
and the like to the face of the optical low-pass filter 410
can be suppressed.
[0042] A sealing member 450 has a generally circular
frame-shaped cross-sectional form, and is sandwiched between
the optical low-pass filter 410 and the optical low-pass
filter retaining member 420. Due to the pressing member 440
pressing the optical low-pass filter 410, the sealing member
450 is compressed between the optical low-pass filter 410
and optical low-pass filter retaining member 420.
Accordingly, the force with which the sealing member 450 is
compressed is determined by the pressing force of the
pressing member 440 in the direction toward the imaging
device 33. Note that the sealing member 450 may be formed
of rubber, or urethane foam such as PORON.
[0043] An optical member 460 is an optical member where a
phase plate (depolarization plate), an infrared cutting

filter, and a birefringent plate of which the direction of
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[ 0036] Now, the imaging unit 400 serving as a foreign nmatter renoval
unit which perforns renoval of foreign matter on the optical |ow pass

filter 410 by vibration thereof will be described in further detai
with reference to Fig. 2. Fig. 2 is a disassenbl ed perspective view
schematically illustrating the configuration of the imaging unit 400.

[ 0037] The optical |low pass filter 410 disposed in front of the

i magi ng device 33 is a single birefringent plate forned of a crystal,
rectangul ar in shape. The optical |lowpass filter 410 is a

rect angul aefopcitah henber ghlidced Gpon tiat ot itbal opaihal akrltdsss
optically effective region where the light flux passes through is
set. The Jptiteal 410w pRa%s Koot dpva1edhadhg pRFifRt SFeRAR ‘67 where a

pai r of piezoelectric devices 430a and 430b are disppsed_on the outer
Side of tfia 5t PeartieeITbat VEor 85Fbra ! antl rctrons: of TGOS o
t he photography gpfical axis (the right and left directions of the
canera) are symetrical. The surface of the optical |owpass filter

410 confi qeoad]t hi §7iicsa698heudpitds ARnORERSALs CORGA Nhd A opukténg out
infrared rays, reflection prevention, and so forth. [0038] The

pi ezoel ectstiré peenbpes B30 ianchehBBbsar ereachibirat egn asuppdfcarsited of
mul tiple electrodes upon a single
members 470a and 470b are applied to the optical low-pass
filter 410 by double-sided tape outside of the optically
effective region, so as to cover the long sides of the
optical low-pass filter 410. Due to the vibration
suppression members 470a and 470b being applied to the
optical low-pass filter 410 so as to cover the long sides of
the optical low-pass filter 410, reflecting vibrations off
of the edge faces of the optical low-pass filter 410 can be
suppressed.
[0045] The imaging device retaining member 510 has a
rectangular opening formed, and the imaging device 33 is
fixed to the opening with the imaging device 33 exposed.
The imaging device retaining member 510 is fixed to the body
of the digital camera 100 by screws or the like.
[0046] A mask 520 is held between the optical low-pass
filter retaining member 420 and imaging device 33 to prevent
excessive light from the photography light path from

entering the imaging device 33.

[0047] Imaging device pressing members 530 are a pair of
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pi ezoel ectric nenber, as described later, having a strip-shaped
external form Each is disposed foll ow ng respective short ends of
the optical |lowpass filter 410 which face one another. Mre
specifically, the piezoelectric devices 430a and 430b are applied to
the perineter portion of the optical |owpass filter 410 such that
the I ong side of the piezoelectric device 430a which is a first

pi ezoel ectric device is parallel to one short side (one side) of the
optical |low pass filter 410, and the |long side of the piezoelectric
devi ce 43Qkfwhieod riglat seleded spirérgel Bkt rpwesgevigc @einbepar alfhel to the
ot her short side &other side) of the optical |owpass filter 410.

[ 0039] The 18ggiladl AP HIED I FHingeRenror 3 353/? g ddxpA RAVESEHRR < hat

nmul ti pl e nodes and anti nodes are fornmed IeI t he si
t her eof . 8Iﬁ@agb??d%?”f§’éﬁﬁ?ﬁ@&n?om? ééhe@@gtpfﬁsﬁég?ces 430a

and 430D, tg i i ev 4 i sion and
contractlon g#ﬁg ?%%%fgfgﬁkggéé ?h?t ﬁgﬁﬁﬁg%%gg%gxgéglts clic
f1exing d%@‘e%@@t'a@@ agRRr dbnghy. a@«;@ide%&flb%eecghb{@sfmdm | knbe
described later. [0040] An optical |ow pass filter retaining menber
420 is foropedcall resipasy fmMittalr, 4a0disegaidisi dHeel eptiveah tiox pass
filter 410. The optical |lowpass filter retaining nenber 420 is fixed
by screws pressingnaghivgr deM eedr éhai aealimemzabe31@50 so as to be

capable of vibrating.

Description of Vibration

[0048] Next, Description of vibrations occurring at the
optical low-pass filter 410 according to the present
embodiment will be described with reference to Figs. 3
through 6. With the present embodiment, traveling waves
traveling in the direction of the long sides of the optical
low-pass filter 410 (horizontal directions in the drawings)
are generated at the optical low-pass filter 410. That is
to say, two flexural vibrations differing in order by 1 are
generated by excitation at the optical low-pass filter 410
with the time phase shifted, thereby generating traveling
waves at the optical low-pass filter 410.

[0049] Fig. 3 is a graph illustrating the relation between
frequency and amplitude with two vibrations modes generated
by excitation at the optical low-pass filter 410 according
to the present embodiment. As shown in Fig. 3, flexural

vibrations of an m'th order vibration mode are generated by
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[ 0041] A pressing nmenber 440 presses the optical |owpass filter 410
toward the imagi ng device 33. The pressing nenber 440 is retai ned at
the optical |lowpass filter retaining nenber 420. The pressing nenber
440 is electrically connected to a ground portion of the digital
canmera 100. The front of the optical |owpass filter 410 is al so

el ectrically connected to the ground portion of the digital canera
100. Thus, electrostatic adhesion of dust and the like to the face of
the optical |owpass filter 410 can be suppressed. [0042] A sealing
menber 45@xkasatigenertdl |y oieqoehay fndhestsivapyd fdnossas@ctlionaal
form and i s sandw ched between the optical |owpass filter 410 and
the opti caiPrahipassofian atlr'éharhffg el @20:0dpudre o9 37e8ssi ng
menber 440 pressing the optical |ow pass, filter 410, e sealin
Torber 450% £ EonPrLEL G Bt vieaHeRRE. Rtheated 6w pabe 11 REP 418 and
optical |low pass.filter retajm 420, Acecar dj force
with whicht S%S%%?i%é%%%%%gergg ?gggg%%?égééé %g %E?g#%?d%g%€$ t he

pressing fQLcee 0kt PE: RISSSIAY FBADER4 44801 Nsddie cdbkeethpnctoward the
i magi ng device 33. Note that the sealing nmenber 450 may be fornmed of

rubber, orf (wrel hapsth oae StEdbnascBOBRON:hé 0043AR 10ptbeat i sresrhes 460
is an optical nenber where a
m'th order vibration mcde and the resonance of the flexural
vibrations of the m+l'th order vibration mode can be used.
In the event that f is set such that f < f{(m), resonance of
the vibrations of the m'th order vibration mode can be used,
but it becomes difficult to use resonance of the vibrations
of the m+l'th order vibration mode, due to being too far
from the resonance point in the f(m+l) vibration mode. Also,
in the event that f is set such that f(m+l) < £, only use
resonance of the flexural vibrations of the m+l'th order
vibration mode can be used. With the present embodiment,
the frequency £ is set within a range of f{(m) < £ < f(m+1),
so as to use resonance in both vibrating modes.
[0050] Figs. 4A and 4B are diagram illustrating the
waveforms of m and m+l'th order vibration modes in the event
that m is an odd number, and voltage applied to the
piezoelectric devices 430a and 430b. As an example of a
case where m is an odd number, Figs. 4A and 4B illustrate a
case where m = 9. Fig. 4A is a diagram viewing the optical

low-pass filter 410 from the main mirror 6 side. The
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phase plate (depolarization plate), an infrared cutting filter, and a
birefringent plate of which the direction of refraction is 900
shifted fromthat of the optical |owpass filter 410, have been

| ayered. The optical nmenber 460 is fixed by adhesion to the opti cal

| ow- pass filter retaining nenber 420. [0044] Vi brati on suppression
menbers 470a and 470b are strip-shaped el astic nenbers. The vibration
suppressi on nenbers 470a and 470b are applied to the optical | ow pass
filter 410 by doubl e-sided tape outside of the optically effective
regi on, s@iagzotdecover ddweldesng3Shdesd of3tthemparpdlefowe pass fadet er
410. Due to the vibration suppression nenbers 470a and 470b bei ng
appl i ed t oft hkeopprtadl | o pass filter 410 o tAs sédeoveraihdeong
sides of the ogptical |ow pass filter 410, reflecting vibrations off
of the edd@3PdBEs8Tithe’bptical | owpass filter 410 can be

suppresseqoogq945]Egeskg%gi99 9§¥jQﬁLr%%aEHE”QOH§{@§Hi§%EOd@?éc@ion
of the optical low-pass filter 410, multiple nodes are
observed at equal intervals in the longitudinal direction of
the piezoelectric device 430 in the flexural vibrations of
the respective vibration modes. Fig. 4B represents the
amplitude and time phase of AC current applied to the
piezoelectric devices 430a and 430b in the flexure
vibrations in the respective vibration modes, by real
component and imaginary component. (1) in Fig. 4B
illustrates AC voltage of the flexure vibration in the m'th
order vibration mode. (2) in Fig. 4B illustrates AC voltage
in the m+1'th order vibration mode. (3) in Fig. 4B
illustrates AC voltage of the flexure vibration in the
m+1l'th order vibration mode in the case of shifting the time
phase by 90°. Note that here, in order to detect the same
amplitude in the flexure vibrations of the two vibration
modes, the voltage of the flexure vibrations in each
vibration mode is stipulated to the amplitude of the flexure
vibrations in the m'th order vibration mode, with the
amplitude ratio between the flexure vibrations of the m'th
order vibration mode and the flexure vibrations of the

m+l'th order vibration mode as A:1. In order to generate by
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rect angul ar opening forned, and the inmaging device 33 is fixed to the
opening with the imagi ng device 33 exposed. The inmagi ng device
retaining nmenber 510 is fixed to the body of the digital canmera 100
by screws or the like. [0046] A mask 520 is held between the optical

| ow- pass filter retaining nmenber 420 and i nagi ng device 33 to prevent
excessive light fromthe photography light path fromentering the

i magi ng device 33. [0047] 1 magi ng devi ce pressing nenbers 530 are a
pair of left and right plate spring |like pressing nenbers. The

i magi ng dewicGeaplessSianGtHeprrisad30oareads xBd oy acoefbeturd he

i magi ng devi ce retaining nenber 510, and press the inmagi ng device 33
agai nst t ebraagong déevilee mr'éhaicnilag vEpberi Gl 0wdBuend of tdraire
above-descri bed configuration, the optical |owpass filter 410 is
sandwi chedibspkéens tde PreessilnghnerBer A4or i@t Redseal i Hif idSer 450

so as to be capable of vibratin
é%me,pa?£ that is neces%ary is to add the AC voltage of (1)

and (3) in Fig. 4B, i.e., to apply the AC voltage of (4) in
Fig. 4B. Now, the flexure vibrations of the m'th order
vibration mode are equivalent to first flexure vibrations,
and the flexure vibrations of the m+l1'th order vibration
mode are equivalent to second flexure vibrations of which
the time phase is 90° shifted as to the first flexure
vibrations.

[0052] Next, description will be made regarding the
behavior of the optical low-pass filter 410 in the case of
generating by excitation flexure vibrations of two vibration
modes at the same time according to the control method
described above. With the present embodiment, a case will
be considered regarding excitation for a 9th order mode and
10th order mode. Figs. 5 and 6 illustrate the behavior of
the optical low-pass filter 410 at each time phase, in a
case of excitation flexure vibrations of two vibration modes
at the same time with the time phase shifted by 90°. The
horizontal axis in the drawings represents the position
within the optical low-pass filter 410, representing from
the left edge to the right edge with the numerical values of

0 through 360. Also, we will say that the longitudinal
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Description of Vibration [0048] Next, Description of vibrations
occurring at the optical |owpass filter 410 according to the present
enbodi nent will be described with reference to Figs. 3 through 6.
Wth the present enbodi nent, traveling waves traveling in the
direction of the long sides of the optical |owpass filter 410
(horizontal directions in the drawi ngs) are generated at the optical
| ow- pass filter 410. That is to say, two flexural vibrations
differing in order by 1 are generated by excitation at the opti cal
| ow pass fdilrkeet 14400 tie tdpeitdane 1 phases s hi fitted, 4tileteby, gemer ati ng
traveling waves at the optical lowpass filter 410. [0049]Fig. 3 is a
graph il | useversagdt hectiedratiisorf, bendethe fragudncy randianpbf tute with
two vi brations nodes qﬁperated by excitation at the opti cal Iom#pass
t

filter 41038€otdi fig fhespreseit enodicRERESNRS %%Wwerfor-ff“go

fl | vib f mth ord b d ted b

exch L ari ot ShiaCT P Rt e e BRE GHoBY. e E oAt REspr afeass Eha™
br at f t b

oottt o epeadpits IhOnfia A o) R, TR aorr%ege@ﬁ%%%’sety the

frequency i ehti BRsVEbE age tahacapnl m@@e t oahBe, Pk ezt &LddsC adevi ces
430a and 430b such that f(m < f < f(m+l), both the resonance of the

fl exural \ddmpaiktiasswadetden M hher deexvidraib it innde odntdhé hiewo
resonance of the flexural vibrations of the mtl'th order vibration
mode can babwsdgdon|modée. eFonat thatofsdw detrepuehenhattife adtuml,
resonance of the vibrations of the mth order vibration node can be
used, but FPlEELerest dite i RRicalo La¥ePresoniadicd 3l 0t BerPHP 3R Ohs of

the n&l th Or%edlrgggfgééglaccéiera%?ogoo tggJoﬁ%lca? low-pass

filter 410.

[0053] Foreign matter which has adhered to the surface of
the optical low-pass filter 410 travels under the force in
the normal direction, due to the optical low-pass filter 410
being deformed. That is to say, if we say that the curve F
representing acceleration in the Z direction has a positive
value, the foreign matter is upthrusted, and is subjected to
force in the normal direction of the curve E indicating
displacement of the optical low-pass filter 410 in this time
phase. In the section indicated by rn (where n = 1, 2, 3.),
the foreign matter is subjected to force in the right
direction (positive direction in the X direction). In the
section indicated by 1ln (where n = 1, 2, 3..), the foreign
matter i1s subjected to force in the left direction (negative

direction in the X direction). As a result, the foreign
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fromthe resonance point in the f(mtl) vibration node. Al so, in the
event that f is set such that f(ml) < f, only use resonance of the
flexural vibrations of the mtllith order vibration node can be used.
Wth the present enbodi nent, the frequency f is set within a range of
f(m <f <f(ml), so as to use resonance in both vibrating nodes.
[ 0050] Figs. 4A and 43 are diagramillustrating the waveforns of m and
mtl " th order vibration nodes in the event that mis an odd nunber,
and voltage applied to the piezoelectric devices 430a and 430b. As an
exanpl e ohaateaseowhers @ ilocanioddimidesed Biyg&n 4shard 3 1, 2,
illustrate a case where m= 9. Fig. 4Ais a diagramview ng the
optical | 8w pagbitfh [ther pA26eht cembdvbimenmitn ther Spr&iwi dettehe
pi ezoel ectric devices 430a and 430b are applied to the face of the
optical | &Wepass i7Ithe PLPEG tdvet AereFbECT Gifard PYhEDE ndyi iy Tévi ce 33.
1 ; i g . : it udi . .
[0051] As %h?mgobgngqi éﬂé pogigggelgg ééégggugs %hgeggkénhhase
progresses.
Electrode Placement of Piezoelectric Devices
[0054] Next, Fig. 7 is a diagram describing the
configuration of the piezoelectric device 430a. Fig. 7 is a
three-view drawing of the piezoelectric device 430a. As
illustrated in Fig. 7, the piezoelectric device 430a is
configured from a piezoelectric member 431 which is a
piezoelectric device, and four types of electrodes, which
are a driving electrode AF, a driving electrode AB, a sensor
electrode SF, and a ground electrode SB, formed on the face
of the piezoelectric member 431.
[0055] As shown in Fig. 7, two driving electrodes AF and
one sensor electrode SF are formed on an F face (first face)
of the piezoelectric member 431. That is to say, multiple
driving electrodes are formed on the F face (first face) of
the piezoelectric member. Two driving electrodes AB and one
ground electrode SB are formed on a B face (second face) of
the piezoelectric member 431. The two driving electrodes AF
and the two driving electrodes AB are each formed so as to

correspond to each other's position on the front and back

sides of the piezoelectric member 431. The two driving
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of the optical |owpass filter 410, nultiple nodes are observed at
equal intervals in the longitudinal direction of the piezoelectric
device 430 in the flexural vibrations of the respective vibration
nodes. Fig. 4B represents the anplitude and tine phase of AC current
applied to the piezoelectric devices 430a and 430b in the flexure
vibrations in the respective vibration nodes, by real conponent and
i magi nary conponent. (1) in Fig. 4B illustrates AC voltage of the
flexure vibration in the mth order vibration node. (2) in Fig. 4B
il lustrategeACrvaktage 4 tdre mwb' 8hieltiere MduraldeenaBDELe |3)viing
Fig. 4B illustrates AC voltage of the flexure vibration in the mtl'th
order vi brdkicomodedefon ddrerdasegorishfiony hexcitet phasef Byned0.
Note that here, in order to detect the sane anplitude in the flexure
vi br at i on®péfceheleworasbridtlites Adbes, the voltage of the flexure

vibrations in each vibration node is stipulated to the anplitude of
the fl exur[8°\§i6§r at iT0fs PRRZPRES P HF (Sjled’éf:evfiﬁ??ﬁ?%nmrﬁfdjeﬁtnajltlhW]Ph%h

| i tude .rat.i t , fl ' ' t d
Vi br at | on otte SRR T e H i oAl F Ok LG LT, BF e
vibration ymdgngsefele rdde O0CLALO L HENSI AL & DY nLXGLERELQES 3l L he

optical lowpass filter 410 flexure vibrations of the mth order

vi brati on gredebgndafik exgirenea/idprathonsowfpd e makhirh 4ondes widaraadd.on
node at the sanme tinme, all that is necessary is to add the AC vol tage
of (1) ando@3)y]i n Fihg. s4Bsor.elsctmpdappPlty ithe Al watiageeskctdhgi n
Fig. 4B. Now, the flexure vibrations of the nmith order vibration node
are equi vallestregdef tpstefeEx e raitbpasi ohsthaamptise lf Lexupass
vibrations of the mtl'th order vibration node are ggéli val ent t

second fl éddiETvrBP at iBiFs SERSRAI BHETHPYS e prRadB T dof Wit éd%as to
the first f] .Vibrati 52 t,.d I pt.i i b
e rnrs ST e, éfeclf‘é)}{]cﬁdes[ %[9 o]-lN%I?ie r OESE! (i%tl'r%@ ﬁ"i%é} c?% E&Eh%e

. WO 1vin
regar di ngtthedgehav?or 0 e opti cal I'ow pass filter n e case

of generatjing Y .exch L ahd LA [8%Ur erivd By ,akineng 1081 ¥Qe Védrial i on nodes
at the same tine according to the control nmethod descri bed above.

Wth the pnesertcarbodismidctcatl ¢ase Bbhtide SORSidrigdtkegadmt g
excitation for a 9th order node and 10th order node. Figs. 5 and 6
i Il ustrat ddtherhbehavsoof ofrdurel gpteoalial pw pass A idrioend410t&t each
time phase, in a case of excitation flexure vibrations of two

vi br at i on arsges afecheodantB tismEonne phevesmethshdse dhivied by 90.

The horizontal axis in the drawings represents the f{)osi tion within
the optic&laEwOPaEs~APi P et 10, FoFEpr 888 P95 oMt i8Sl eft edge to

t.he right }ﬁi%%%e etc rE_QeIflen neegl4%el|. V’Pllteuessenosforo etlre"é:%%gge 3&0'&'@ e W&
w || say that” The [Fongitudinal
ground electrode SB are each formed so as to correspond to
each other's position on the front and back sides of the
piezoelectric member 431.
[0058] The sensor electrode SF monitors how the output
voltage which the sensor electrode SF generates changes as
to the ground electrode SB which is at ground voltage, to

detect vibrations of the optical low-pass filter 410.

[0059] The driving electrodes AF, driving electrodes AB,
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direction of the optical |owpass filter 410 is X, the traverse
direction is Y, and the normal direction of the plane is Z. In Figs.
5 and 6, C represents the waveform of the 9th order flexure
vibrations for the vibration node, and D represents the waveform of
the 10th order flexure vibrations for the vibration node. A so, E
represents a conposite waveformof the flexure vibrations of the two
vi bration nodes. That is to say, E represents the actual anplitude of
the optical |owpass filter 410 F represents the Z-directional
accel er at isensot ¢hectopidecdrF,| awdpgssuhd | ¢ srctdbile FB0538¢ Forreiggrtednt t er
whi ch has adhered to the surface of the optical |lowpass filter 410
travel s undepnt hestoreeliarithe Roinhbddifestitofordaéctectertosti cal

| ow- pass filter 410 being deforned. That is to say, if we say that

t he curvedFvﬂéﬁﬁes%ht?hﬁf@%&céP@Pﬁﬁ?ﬁho?rP??ﬂ%Qg §raet Forhtas a

positive valu the. forei gn matt upt hr sted |s subj ted to
force in tﬁ@ ﬁSFﬁ%? Ui FEE 95%V8f%%%m§cug%% h%a?f%g s%lggenent

of the op ahrhm&aéﬁeéaéotd%r 2%%0 L»Q &&aéeéﬂéae tRhage- pi&éaeec%%%l on

i ndi cated by rn eren =1, foreign matter is subjected to

force in tR&ickbghtididecdinitpasit bve giwvectippathethecX ghid ection).
In the section indicated by In (where n =1, 2,the foreign nmatter is

subjectedfﬂ@xﬁbneeptrnﬁdﬁaduﬁHM1d|Ee@tpb@zéé&gﬁﬂnrmeddvuee$1oﬂhen t he X
direction). As a result, the foreign matter noves to a | ocation

i ndi cat ed siepskn ¢wkereode SF which3ig, awihratiernpdesentienbodidrnde
the foreign matter travels in the positive direction of X by the Xn

(n = 1, 2IS3CRNRBGERY Fh e va@g@ttﬂ% gpPRCtith ASHhe Hme"Phdse

progresseslrlng pattern of the flexible printed circuit for

piezoelectric devices. The ground electrode SB is connected
to a ground potential portion of the digital camera 100 via
a wiring pattern of the flexible printed circuit for
piezoelectric devices.

[0060] The piezoelectric device 430a thus configured is
applied to the optical low-pass filter 410 such that the F
face or B face of the piezoelectric member 431 is against
the optical low-pass filter 410, so that the long sides of
the piezoelectric device 430a are parallel to one short side
{(one side) of the optical low-pass filter 410. It should
also be noted that the piezoelectric device 430b is
configured in the same way as with the piezoelectric device
430a. The piezoelectric device 430b is applied to the
optical low-pass filter 410 such that the F face or B face

of the piezoelectric member 431 is against the optical low-
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El ectrode Pl acenent of Piezoelectric Devices [0054] Next, Fig. 7 is a
di agram descri bing the configuration of the piezoelectric device
430a. Fig. 7 is a three-view drawing of the piezoel ectric device
430a. As illustrated in Fig. 7, the piezoelectric device 430a is
configured froma piezoel ectric nenber 431 which is a piezoelectric
device, and four types of electrodes, which are a driving el ectrode
AF, a driving electrode AB, a sensor electrode SF, and a ground

el ectrode SB, fornmed on the face of the piezoelectric nenber 431.

[ 0055] As shewnfibté&r géld, domrheérti vhaglehedidede® fAEhandiene: lsarisorc

el ectrode SF are formed on an F face (first face) of the

pi ezoel ectdeivé creABlP a3 .pamrdtleils tpotBayothan tsheiré 8LFei At ect rodes
are formed on the F face (first face) of the piezoelectric nmenber.
Two dri vi ig98D efr bl OB SHd t6MePgFount! Eiecti’ode SB are formed on a
B face (second.face f the piezoelectric nmenber 431. The two drivin
el ectrode %éﬁa ?%eg%%ﬁfﬁhéiﬁqéﬁogﬁectrodes AB are each fornmed so ag

to correspop@1ho eaehl ot Bt 5 POSiti.AN 108t REALT OO, ANd,Pagk sides of
the piezoelectric member 431. e two driving electrodes AF and the
two drivi pgsgkgehr gdeshdBaHHdilvigotecir ades freimganes athag

vi brations by excitation of the optical |ow pass filter 410.
piezoelectric devices 430a and 430b at the time of applying
the piezoelectric devices 430a and 430b to the optical low-
pass filter 410. Fig. 8A is a diagram of the state in which
the B faces of the piezoelectric devices 430a and 430b have
been applied to the face of the optical low-pass filter 410
on the imaging device side, as viewed from the imaging
device side. As shown in Fig. 8A, the piezoelectric device
430a is applied to the optical low-pass filter 410 so that
the long sides of the piezoelectric device 430a are parallel
to one short side (one side) of the optical low-pass filter
410. The length of the long sides of the piezoelectric
device 430a and the length of the one short side (one side)
of the optical low-pass filter 410 are approximately the
same. As shown in Fig. 8A, the piezoelectric device 430a is
applied to the optical low-pass filter 410 so that the long
sides of the piezoelectric device 430b are parallel to the
other short side (other side) of the optical low-pass filter
410. The length of the long sides of the piezoelectric

device 430b and the length of the other short side (other
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[ 0056] The piezoelectric device driving circuit 111 which is a control
circuit alternately applies voltage to the two driving el ectrodes AF
and the two driving el ectrodes AB, thereby causing the optical

| ow-pass filter 410 to vibrate. [0057] The sensor electrode SF is a
vi bration detecting electrode to detect vibrations of the optical

| ow- pass filter 410. The sensor electrode SF is forned between the
two driving electrodes AF on the F face (first face) of the

pi ezoel ectric nenber 431. The ground el ectrode SB is electrically
connect ed stidea porth®nowdfiddie 1divgphak canesma 4100 awki ehptsxdiatgrigund
potential, i.e., a ground. The ground electrode SB is formed between
the two drthei sgmel ect rodes AB on the B face (second face) of the

pi ezoel ectric nmenber 431. The sensor el ectrode SF and the ground
el ectrode [88681e edchopsrrbled @Ry e o &6 PREPERY 1 25SF SthERr 5410

osition aon the f t d k sid th i I i nb 431.
Fgo's,si She Serabr bRt O St or L5 Kbl 1 he DBt bof? age v o
t he sensor d , t trod
Shoui oh IEoREEEE TR APIRIALES SIS, Tnk?, LAE S ROl IO

| owpass fiilskebe4d0srd QOGHThRFEbY 89264 £Od QRS ARosEr b b1 e

el ectrodes AB,
for transportation are generated by excitation between f(m)
through f(m+1).
[0063] Fig. 8A is a schematic diagram of traveling waves
at a frequency f£. Fig. 8A is a diagram viewing just the
optical low-pass filter 410 and piezoelectric devices 430a
and 430b from the imaging device side.
[0064] As shown in Fig. 8A, traveling waves are generated
by excitation which travel in the longitudinal direction of
the optical low-pass filter 410, i.e., in a direction
orthogonal to the short sides of the optical low-pass filter
410 where the piezoelectric devices 430a and 430b are
applied. At this time, standing waves of a lst order
vibration mode such as illustrated in Fig. 8A occur in the
traverse direction of the optical low-pass filter 410. The
dotted lines in Fig. 8A indicate the nodes of the 1st order
standing waves. One each of the nodes of the 1lst order
standing waves appear in the traverse direction of the
optical low-pass filter 410 symmetrically across the center

axis of the traverse direction of the optical low-pass
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sensor el ectrode SF, and ground el ectrode SB are connected to an
unshown flexible printed circuit for piezoelectric devices, by

t hermal conpressi on bondi ng using an ACF (ani sotropic conductive
film. The driving el ectrodes AF and driving el ectrodes AB are
connected to the piezoelectric device driving circuit 111 via a
wiring pattern of the flexible printed circuit for piezoelectric
devi ces. The sensor electrode SF which is a vibration detecting

el ectrode is connected to the vibration detecting circuit 112 via a
Wi ring pattiecarofiid he Theexkbl ergt iitethdingcuatef D8 Piazorliegt wace
devices. The ground el ectrode SB is connected to a ground potenti al
portion ofctherdhgittla cresuantfObetecen vilvd dgegaeney nt ofmit hgn' th
flexible printed circuit for piezoelectric devices. £0060 The

pi ezoel ecttrPerdBiPEat UBDaadsUs 2B8nFRguF eI CApB i(BAt o (e Bpti cal

| ow- pass filter 410 such that the F face or B face of the

pi ezoel ecPFAETNEMBET “ 4L 1% ®dgai nst the optical |ow pass filter 410,
so that t g si-ges i el i evi | l.el
to one shgﬁpkg'de o%efg%%%ggéghﬁﬁgfg%ﬁ%éaﬁa?o%?%ggggggl?ég g%%? +f
shoul d al s9cbeppoted thatpdhe rfRhezeehegtid o AMipeetdd0bnisneonfigured
in the sane way as with the piezoelectric device 430a. The

pi ezoel ectibhgidevitgl 480kedt3 capplfi eHet opt e loptoweab sk ofe pass 41id tgr
410 such that the F face or B face of the piezoelectric nmenber 431 is
agai nst t lbeopbinpabitewavgrmass thet eraddlingsoaviest trheel ong 91 dés of
the piezoelectric device 430b are parallel to the other short side
(ot her si depgstugheadbpiiredtiopwopassef ppiiralalovw-pPaset fohtdf Séhsor
El ectrode

and the 1lst order standing waves occurring in the traverse
direction of the optical low-pass filter 410.

[0066] The amplitude of the composite waves transporting
the foreign matter are the greatest at the center axis of
the traverse direction of the optical low-pass filter 410,
where is situated the antinode of the 1lst order standing
waves occurring in the traverse direction of the optical
low-pass filter 410. The amplitude of the composite waves
transporting the foreign matter becomes smaller the farther
away from the center axis of the traverse direction of the
optical low-pass filter 410 and the closer to portions
corresponding to the nodes of the 1lst order standing waves
occurring in the traverse direction of the optical low-pass
filter 410. The amplitude of the composite waves
transporting the foreign matter is the smallest at portions

corresponding to the nodes of the 1lst order standing waves
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[ 0061] Next, description will be made regarding the position of the
sensor el ectrodes SF each formed to the piezoelectric devices 430a
and 430b at the tinme of applying the piezoelectric devices 430a and
430b to the optical lowpass filter 410. Fig. 8A is a diagramof the
state in which the B faces of the piezoelectric devices 430a and 430b
have been applied to the face of the optical |owpass filter 410 on
the i magi ng device side, as viewed fromthe imging device side. As
shown in Fig. 8A the piezoelectric device 430a is applied to the
optical | oQwcpassndiid etnAkQaserkbatiitdecianesitdesoptitie low-pass

pi ezoel ectric device 430a are parallel to one short side (one side)
of the optfiicakr| 66 pagscbirbiegldlOcheltre isetigehpo$silel 1topngheitdes of
t he piezoelectric device 430a and the | ength of the one short side
(one si depusftichenppanrldltudswtpassanspeet WG ignerappeoxidat®lty Pehe
sanme. As shown in Fig. 8A the piezoelectric device 430 is:?p | i ed
to the optPtaftrPiwdpady® MA%er E16°56FRR % Hoh§esiaess ot t%h?

) 520°] 2oL ey o 300 8o ALk el L gt shoty g Lo

side) of t OV pass eng ong

si des of the.pLezgelect ri &, Jewisce ;4300 apgl the length of the other
i cal

short side (other  side) of the optical |owpass filter 410 are

appr oxi mat@log7ihe samwe. +h8062fdsnilestiddednabovre Adeopit eak 1st
| owpass filter 410 is vibrated with frequency f (f(m < f < f(ml))

t o transpaeardefroseagaimptiares Atret hiaget toeocdihe dutegdenthe foptustally a
frequency whereby traveling waves nost suitable for transportation
are gener @fdgchyvexceyien Ay pettiseningnhe inglef ChR1PPt o063 PFig.
8A is a schematic diagram of traveling waves ,
pass filter. That is to say, the size of the optical low-
pass filter is set such that 1lst order standing waves occur
outside the optically effective region. Accordingly,
sufficient amplitude for transporting the foreign matter can
be obtained within the optically effective region of the
optical low-pass filter 410.
[0068] Traveling waves traveling in the longitudinal
direction of the optical low-pass filter 410 reflect at the
edge of the long sides of the optical low-pass filter 410,
i.e., at the edges of the optical low-pass filter 410 where
the piezoelectric devices 430a and 430b are not applied.
Accordingly, vibrations occur other than the 1lst order
standing waves generated in the traverse direction of the
optical low-pass filter 410.

[0069] The reflected waves occurring at the edge of the

long sides of the optical low-pass filter 410 exhibit
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at a frequency f. Fig. 8Ais a diagramview ng just the optical

| ow- pass filter 410 and piezoel ectric devices 430a and 430b fromthe
i magi ng device side. [0064] As shown in Fig. 8A traveling waves are
generated by excitation which travel in the |ongitudinal direction of
the optical |owpass filter 410, i.e., in a direction orthogonal to
the short sides of the optical |lowpass filter 410 where the

pi ezoel ectric devices 430a and 430b are applied. At this tine,

standi ng waves of a 1st order vibration node such as illustrated in
Fi g. 8A ogedertardhe: twiatense dbnpeiion wafvdsheraptpeatin@wipass
filter 410. The dotted lines in Fig. 8A indicate the nodes of the 1st
order stamfdraggmavesteOneTeashimfertfreemodesandes herdetulerdéy snandi ng
waves appear in the traverse direction of the optical |ow pass filter
410 symmethecBroyl tedosxt @mpldesnter ohxthe gompPRe Ltpatayee idedton of

the optical |owpass filter 410. _ The 1st t i i
stand?nlg WaDE \glt-“:g‘ﬁ? r‘?%ld:l"zﬁ R Fadu %&P%%S?C‘v’glgﬁe?hgwlrgg% 0 :‘t%(ﬁj
mth order. vibration d . f ‘th d
\(/i brati onvrlrkD) 3%.1011%0%%?‘%?? %Pgﬁgggﬁ%‘ﬁ‘?%@\?ﬁce %gg%d gr%h too[ hgr

face of the.gBLEcal 4o RASS skt Shgddie | Soddigpsparted.in the
| ongi tudinal direction of the optical |ow pass filter 410 by the

conposi t e awaveaiffly heit raneelsicngonavesct fayelsmgsi posbeidoagi t udi nal

direction of the optical lowpass filter 410 and the 1st order

st andi ng Wavebeocout rfngn itrhet medesavér skee distectriden efanéenoptavsal

| ow- pass filter 410. [0066] The anplitude of the conposite waves

transportpﬁgurring in the traverse direction of the optical low-pass
filter 410, the sensor electrode SF cannot accurately detect
the composite waves transporting the foreign matter. On the
other hand, if the sensor electrode SF is positioned upon a
node of the 1lst order standing wave occurring in the
traverse direction of the optical low-pass filter 410,
distinguishing between vibrations and noise becomes
difficult since the amplitude of the composite waves
transporting the foreign matter is small.
[0070] Accordingly, the piezoelectric devices 430 and 430b
are applied to the optical low-pass filter 410 such that the
sensor electrode SF is situated between the nodes of the of
the 1lst order standing wave occurring in the traverse
direction of the optical low-pass filter 410. That is to
say, the sensor electrode SF is positioned between multiple

nodes of the vibrations occurring in the traverse direction

of the optical low-pass filter 410 where the piezoelectric
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the foreign matter are the greatest at the center axis of the
traverse direction of the optical |owpass filter 410, where is
situated the antinode of the 1st order standing waves occurring in
the traverse direction of the optical |owpass filter 410. The
anplitude of the conposite waves transporting the foreign matter
beconmes smaller the farther away fromthe center axis of the traverse
direction of the optical |owpass filter 410 and the closer to
portions corresponding to the nodes of the 1st order standi ng waves
occurringdeRitbe hsevense dioreekbonppiidde apthcahe |l pveqrass filter
410. The anplitude of the conposite waves transporting the foreign
matter ischbedsfaht psthatpqedntiibansfcone esgorudi rRg ecarbie fHdies ugfont he
1st order standing waves occurring in the traverse direction of the
optical | dlwepasstélr|aers 410, thaccordengt ydindndion oft Reepersiwil ity
that sufficient an?[itude to transport foreign matter may not be
obt ai ned dPYrRESBoftows Hidtr AP P Yo thE ABRAEST ofeHe °ESt Sbr der
standi ng waves occurring in the traverse direction of. the optical

| oW pass FFPtgFgﬁiﬁ. POOETRR etHgvﬁ?eg%%ﬁeg%%%é?ﬁ%ﬁf?g?hgpnodes of
the 1st orger standing, naves, A8 MBAE. Lo Q¢ i Qulishde Lhe, optd cal ly
ef fective region by optimzing {he-si ze of the optical | ow pass
filter. ThalcdnSst@as@y, atike,stke Ofcddie wptineakehewr passs fdd teee is
set such that 1st order standi ng waves occur outside the optically
ef fecti ve uregiceBe ACtocdidrglof, toef bpeieat mrplpgdssdeifloprt 4aMspore i ng
the foreign matter can be obtained within the optically effective
regi on of sz lept kbal eftaetpasy frelfflertddOva{gD68ichravabi ay Wekes
traveling in the longitudinal direction of the optical |ow pass
filter 41¢99Fl et the PR etigiesorit hBe| BRb G HdLoPacRe fopttEalll

| ow-pass filter_ 410, i.e., .at the edges of the._optical W pas

(1t o 10 Ner B e 1 SRSARGEPIE dov: THE 304 2B oa30 ABinahe
appl i ed. - AGGRIQI A0LY, o¥ AL NS QeCUt - OLRRL, AN HNG LS La 01 5 -
standi ng waves generated in the traverse direction of "the optical

| owpass fiddLrfri41@r 410, the composite waves transporting the

foreign matter can be detected accurately.

[0071] Also, with the present embodiment, as shown in Fig.
8A, the strip-shaped vibration suppression members 470a and
470b are applied to the optical low-pass filter 410 such
that the long sides thereof are parallel to the long sides
of the optical low-pass filter 410. Also, as shown in Fig.
8A, a sealing member 450 is positioned in a region outside
of the optically effective region of the optical low-pass
filter 410. The piezoelectric devices 430a and 430b are
applied to a region outside of the sealing member 450 in the
longitudinal direction of the optical low-pass filter 410.

The vibration suppression members 470a and 470b are applied
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[ 0069] The refl ected waves occurring at the edge of the |ong sides of
the optical lowpass filter 410 exhibit interference with the
conposite waves transporting the foreign matter. This interference
causes irregularity in the nagnitude of anplitude of the conposite
waves near the long sides of the optical |owpass filter 410, |eading
to vibrations of a phase different fromthe phase of the conposite
waves transporting the foreign matter. Accordingly, if the sensor

el ectrode SF is positioned further out fromthe nodes of the 1st

order stapdi BOr¥EVE, AECWHE RAtkR thge tsAVEIsS & cdilh 8l hObOf 4918 in
optical low pass filter 410, the sensor el ectrode SF cannot

accur at el yhdeteetetdre Cionpadioheofavies ¢ptainsonwArgathef forest 11 0.
matter. On the other hand, if the sensor electrode SF is positioned
upon a no@basdf isheo Isay ortder vébapding Rk sedenr RAGPeH 4 t¥saver se
direction of the optical |ow pass filter_ 410, distinguishing between

vi br at i on§PRAdSAOFR et Bitesadi £PPThRES sthiden He Vafpl 78 ude Bt the

it ti t f i tt i l .
[0070] AcCBPAPIGRY. CE e b EFaal OTF| & HouT et Ag8 SRa. 4306 2% appl | ed
to the Op%bgﬁgrl@T@pa%%efb'gﬁgt4&9 éﬂﬁﬂx&gﬁgntH@mﬁ@@s@ﬂﬂﬁhgﬁtrOde SF

i's sityate& between the nodes of the of the 1st order standing wave
occurringappitibe t6aved spdidsactionnpetst herapt iaal sbowspassodil ter

410. That is to say, the sensor electrode SF is positioned between

multiple pedesief tdetid bratdronsngcendei af) ihe tdpeitravessecals ecti on

of the optical |ow pass filter 410 where the piezoelectric
filter 410. As shown in Fig. 8A, the length B of the long
sides of the vibration suppression members 470a and 470b is
longer than the length of the long side of the optically
effecting region set for the optical low-pass filter 410.
The vibration suppression members 470a and 470b are applied
to the optical low-pass filter 410 such that the optically
effective region of the optical low-pass filter 410 is
situated within the range of the long sides of the vibration
suppression members 470a and 470b.
[0072] At this time, the edge faces of the long side of
the vibration suppression member 470a on the outer side
protrudes out from the edge face of the long sides of the
optical low-pass filter 410, and the edge face of the long
side of the vibration suppression member 470a on the inner
side is situated further outside from the nodes of the 1st

order standing wave occurring in the traverse direction of

the optical low-pass filter 410. That is to say, the
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devi ces 430a and 430b are applied. Wth the present enbodi nent, the
position of the sensor electrode SF is upon the center axis of the
traverse direction of the optical |owpass filter 410. Accordingly,

t he sensor el ectrode SF can detect the conposite waves where the
anplitude is greatest, so distinguishing between vibrations and noi se
beconmes easy. Also, the closer to the center axis of the traverse
direction of the optical |owpass filter 410, the smaller the effects
of reflected waves occurring at the edges of the |ong sides of the
optical | QWwpassohidudsireia ol RemdOHS47dY ROSIOb 9BHNGo t 18 SISeR1

el ectrode SF upon the center axis of the traverse direction of the
optical | aswpasssffiltwesr 410, sibe cpaposid edyaveEackr anspos tuigatthen
foreign matter can be detected accurately. [0071)Al so, with the
present esbodiraenion awrdltowd’On Prgtr@&les thvd drpinpthhapdek Vidaseaifon
suppressi on nmenbers 470a and 470b are applied to the optical |ow pass
filter 416hgueRttfat tHenasHgfsildes thereof are parallel to the long

i des of t tical | filter 41Q. hown in Fig. 8A

2 cealing THOFREr 35 FE°LBER ilivea e 4°PBQrare oUk Sithe (oSl ALCE of
tically effective £eai0n of t i cal fi Th

o1 ezo0l eoli e QR CEeT 208 SR AI0R Ar e st B TRa Fegt on Ut si de

of the sealbRguaBYLS L 480 REkheahengiddidimalhdibagt 5ofe of £ the
optical |low pass filter 410. The vibration suppression nenbers 470a

and 470b apeiappl ied-pdss Finegironlon ime «He aongi dedef of heheseal i ng
menber 450 in the traverse direction of the optical |owpass filter
410. That viibrebisaysupiesdilpnatienhesuppllessi oenenber 4¥7da is appli ed
to the optical lowpass filter 410 so as to be parallel to the upper

| ong si de SéftughedoptFedr |BWspass TFPRt Bre 4esTRE #hBr &% F ofrder

suppressi on nber 470b is applied to the optical |ow pass_filter 410
So hs to BEPALEFI BT PIHE 1 BRer ™| by ST UE ST CRECEPEPRaP: I ThE pass
filter 41 h ] i 0. , e | t h _B,of e .S f

t he vibra?Fgﬁégépg¥g§%¥§£i%éﬁ%§r§E270§ﬁ§%Hqi76g_féy1d%gggu%ﬁ%§§€ﬁe
llength of B8 E88g-S$! Ay theLOREI §8b1 Ye£fd L atHNGpE€8LOM SRlpds@r the
optical |lowpass filter 410. The vibration suppression nmenbers 470a
and 470b arietapphiedsdch thatophiecabigk orapasst fiHet eib4d0ismuch that the
optically effective region of the optical |owpass filter 410 is

si tuat ed wiuppirasthen rreerges {4 7t0be plcohgude slesutoff riche thiebedy¢ ofrce of
suppressi on nmenbers 470a and 470b. [0072] At this time, the edge faces
of the |Oﬁ@esp§§i@@l low-pass filter 410.

[0074] Fig. 8B is a cross-sectional diagram taken along
VIIIB-VIIIR in Fig. 8A. Fig. 8B illustrates, in addition to
the optical low-pass filter 410 and piezoelectric devices
430a and 430b, a portion of the optical low-pass filter
retaining member 420 in Fig. B8A.

[0075] As illustrated in Fig. 8B, the vibration
suppression member 470a is configured of an elastic member
470aa and double-sided tape 470ab. The elastic member 470aa

and double-sided tape 470ab are of the same shape, with one
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the vibration suppression nenber 470a on the outer side protrudes out
fromthe edge face of the long sides of the optical |owpass filter
410, and the edge face of the long side of the vibration suppression
menber 470a on the inner side is situated further outside fromthe
nodes of the 1st order standing wave occurring in the traverse
direction of the optical |owpass filter 410. That is to say, the

vi bration suppression nenber 470a is applied to the optical |ow pass
filter 410 such that the edge face of the vibration suppression

nmenber 47@acpr gFr tide a1 SseBetineagd9er dar @ ahqt ngppéa ced drew pass
filter 410. [0073]1n the same way, the edge face of the |ong side of

t he vi br akhefrsuppcessi ahdrenher i 4 70énedr (47 aaut eThsidthepr dbrades out
fromthe edge face of the long side of the optical |ow pass filter
410, and tthe Honglsiselsl tope ¥i7beht iormmrigmcessi she nepberald 20y-on
the inner side is situated further outside fromthe nodes of the 1st

or der staﬁé?ﬁgfﬁév%ro%ﬁhfrpﬁﬁanP?rﬂ?hﬁﬁaﬁéﬁ§eoélF%%tqQﬂ?%ﬂ’Sﬂﬁé

t | filt 410. Th L h t
Clppr ossi AP RORRRF® A70R S PRIBERehOr BT K G CAP T BOE bese: 191 (367410
h that fokeh 470b
;Egtrudgs %E? ?ggﬁ$% %@ e fgéékg¥§gﬁqgg§tlcaﬁ%ﬁoﬁgﬁgg ?ﬁqter 410.

[0074] Fig r%Brhae§ §f&§%k§%@g@n§5cg|@ﬂr@{@ tpearaal opg-pAdd BMideB in
Fig. 8A Elg 8B illustrates, in addition to the optical |ow pass

filter 41Q1andypae@f@ﬁﬁu§idn:amemnees d39astegwch 430Figa gBrtion of the

optical low pass filter retaining nmenber 420 in Fig. 8A
[0076] At this time, a protrusion amount C of C =2 0 is
sufficient. That is to say, the vibration suppression
member 470a may be applied to the optical low-pass filter
410 such that the protrusion amount C = 0, i.e., so that the
edge of the long side of the optical low-pass filter 410 and
the long side of the vibration suppression member 470a are
on the same plate. However, in the case of manufacturing
with a process where a pre-cut vibration suppression member
470a 1s applied onto the optical low-pass filter 410, the
edge face of the optical low-pass filter 410 may undesirably
protrude from the edge face of the vibration suppression
member 470a due to irregularity in parts and in assembly
precision. In the event that the edge face of the optical
low-pass filter 410 protrudes from the edge face of the
vibration suppression member 470a (when protrusion amount C

< 0}, the reflected waves are not sufficiently attenuated at

the edge of the optical low-pass filter 410 and cause

_33_



[0075] As illustrated in Fig. 8B, the vibration suppression nenber
470a is configured of an elastic nenber 470aa and doubl e-si ded tape
470ab. The el astic nmenber 470aa and doubl e-si ded tape 470ab are of

t he sane shape, with one face of the double-sided tape 470ab being
applied to one entire face of the elastic nmenber 470aa. The ot her
face of the double-sided tape 470ab is applied to the optical

| ow- pass filter 410. Upon the other face of the doubl e-sided tape
470ab being applied to the optical |ow pass filter 410, the edge face

of the vi inakh-@BreHPPr#ESH AhaTRBREHs 4{HanPFd rasdespbremy henedge face
of the optical lowpass filter 410 by a protrusion anount C,  as shown

in Fig. 8BorkpQgr6hAttéhis tine, a protrusion anount C of CO is
sufficient. That is to say, the vibration suppression nenber 470a may
be appliedo0d7ihe dpciosainydvs passtife levent406 saehiadfarringevwith a
protrusion amount C =0, i.e., so that the edge of the |ong side of
the opti cATICERSpHESTEi F tRS AHF AT RheCT PRSP 16P RREPS bt 43 orf

suppressi on er_470a are .an _the sane_plate. Howeve in.the.case
of  hanut aCERIEA GRh oo asswer P aebr o S DY aFhen i mts: on

menber 47Qg it%eagg%kggi&msqﬁ&%sg%hclﬁémﬂ)wm dreleb@hp 40, the edge

face of the opti ow pass filter 410 nmay undesirably protrude from
the edge face rabebheryh biad iQyeSHRPEESS! O NBYINRI214108-FHEs tOilter
irregularity in parts and in assenbly precision. In the event that

t he edge face (pkothesdph i @adurdtow pass.filter 410 protrudes fromthe
edge face of the vibration suppression nenber 470a (when protrusion
anount C 09781t he Irefthecteade wal esararf@ator indf Vi th entdnocssisenbared at

the edge of the optical |ow pass filter 410 and cause ,
the vibration suppression member 470a is cut after applying

the vibration suppression member 470a, formed sufficiently
greater than the optical low-pass filter 410, to the optical
low-pass filter 410, the vibration suppression member 470a
can be cut such that protrusion amount C = 0. In this case,
the vibration suppression member 470a can be cut such that
the edge face of the optical low-pass filter 410 does not
protrude from the edge face of the vibration suppression
member 470a, so protrusion amount C = 0 is permissible.
[0079] By forming such that the edge face of the vibration
suppression member 470a protrudes from the edge face of the
optical low-pass filter 410 (protrusion amount C > 0), the
adhesive face of the double-sided tape 470ab is exposed to
the outside of the optical low-pass filter 410, as
illustrated in Fig. 8B. That is to say, an adhesive face 1is

also formed on a region of the vibration suppression member
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interference with the conposite waves transporting the foreign
matter. [0077]Accordingly, in the event of manufacturing with a
process where a pre-cut vibration suppression nenber 470a is applied
onto the optical |lowpass filter 410, the edge face of the vibration
suppressi on nenber 470a preferably protrudes fromthe edge face of
the optical |owpass filter 410 (protrusion anmount C > 0). [0078]In
the case of manufacturing with a process where the vibration
suppressi on nenber 470a is cut after applying the vibration

suppr essi Qponepber - 4708, Jor rednsehli cigntdacgreatre shandihe wptical
| ow-pass filter 410, to the optical |lowpass filter 410, the

Vi brati onpagppEesss o IENbeecd/@ngian keecdbrsugh mdtaderpretousion
anount C = 0. In this case, the vibration suppression nenber 470a can
be cut suchrthatet ficedge thacepoficehel optpaca flidwepasso fédt dre 410
does not protrude fromthe edge face of the vibration suppression
nenber 47Gaptsoedrat ris axrarsdntdtesive i Rq5e0f §Epbieub torTisiesy

form ng such that the edge face_of the vibration ressi on menber
470 prot FaRes 1 Pt T HE Aehe 1 BL8108 ThREATIAICHE FHREpats TIHTER 410

(proLrust g0 BIpunl,Sdn Wuod 1500088, 48 1661 Lhe) doubl & o dag.l ape

470ab i s exposed e ‘out si 0 e optic OW- pass
as illustrapedoLd Fbg.-s8Rtekhat is to say, an adhesive face is also

formed on a region of the vibration suppression nenber
[0080] When the optical low-pass filter 410 is held by the
optical low-pass filter retaining member 420, the sealing
member 450 is compressed between the optical low-pass filter
410 and the optical low-pass filter retaining member 420, as
illustrated in Fig. 8B, whereby the width of the sealing
member 450 becomes E. At this time, a clearance Y (Y > 0)
and a clearance Z (Z > 0) such as shown in Fig. 8B are
formed between the vibration suppression member 470a and the
optical low-pass filter retaining member 420. That is to
say, the optical low-pass filter retaining member 420 holds
the optical low-pass filter 410 so as to not come into
contact with the vibration suppression member 470a. This is
because in the event that the vibration suppression member
470a comes into contact with a material having a high
Young's modulus such as resin or metal or the like, i.e., a
hard material, the reflected waves generated at the edge of
the optical low-pass filter 410 are not sufficiently

attenuated and/or absorbed by the elastic member 470aa.
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470a protruding out fromthe edge face of the optical |ow pass filter
410. Accordingly, the foreign matter renoved formthe face of the
optical lowpass filter 410 can be captured at the exposed adhesive
face of the doubl e-sided tape 470ab, thereby yielding an advant age
that the foreign matter renoved fromthe face of the optical | ow pass
filter 410 does not scatter. [0080] When the optical |ow pass filter
410 is held by the optical |lowpass filter retaining nenber 420, the
seal i ng nenber 450 is conpressed between the optical |ow pass filter

410 and thetapthgel ih oMhdasenlti khet £d ddydgamember c4elvidmtion
illustrated in Fig. 8B, whereby the width of the sealing nmenber 450

becomes EsufbrtBiSoth inEybea cl7@ar apceryddsy £xrdd) thawededgel eacantcke the( Z >
0) such as shown in Fig. 813 are forned between the vibration

suppr essi optierbet oW7Gs arfd Uttee dpdi cafotwweipas ampbihtef * edlai riihey
menber 420. That is to say, the optical |lowpass filter retaining
menber 42CG1REIFAECEhE BPf i%all | ow pass filter 410 so as to not come

i nt t Ltht i brat] [ 470a. Thi

because | HOPRE) eveRtoPhatn hES T DVEY ("o ts APBr SReTSH neioer 76h: EBfes
Into cont %%tta‘r%ﬁﬁg 5%:{3&{('@0 Q%Vlanﬁaﬁepi SN §paRdul s, such as
resin or metal or-the like, 1.¢e., a hard material, the reflected

waves gengiat.edsatuthe; £dge Ofankhecont bsatudw paserfikhfer. 410 are
not sufficiently attenuated and/or absorbed by the el astic nmenber

470aa. Nelgtt haterbal hetieyediiedrhdticet Heardgeléacenaf 24 heaywicheat beno.
suppressi on nenber 470a protrudes fromthe edge face of the optical
| ow pass flihattern s4t0 $pyottrhesicptigabuhowdasD)filitee ckbatahee Nemmyr be
0. [0081]Also, in the event that the optical |owpass filter
420 may be allowed to come into contact with the vibration
suppression member 470a. This is because a material with a
small Young's modulus, i.e., a soft material, will not
impede the effects of the elastic member 470aa attenuating
and/or absorbing reflected waves.
[0082] In the same way as with the vibration suppression
member 470a, the vibration suppression member 470b is
configured of an elastic member 470ba and double-sided tape
470bb. The elastic member 470ba and double-sided tape 470bb
are of the same shape, with one face of the double-sided
tape 470bb being applied to one entire face of the elastic
member 470ba. Making a protrusion amount C' of the
vibration suppression member 470b, which has been applied so
as to be parallel with the lower long side of the optical

low-pass filter 410, to be greater than the protrusion

amount C of the vibration suppression member 470a allows
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retaining menber 420 is a material with a snmall Young's nodul us such
as urethane foamor rubber material, i.e., a soft material, the
clearance Y and clearance Z nay each be 0. That is to say, the
optical |low pass filter retaining nenber 420 nay be allowed to cone
into contact with the vibration suppression nenber 470a. This is
because a material with a small Young's nodulus, i.e., a soft
material, will not inpede the effects of the elastic nenber 470aa
attenuating and/ or absorbing reflected waves. [0082]In the sanme way

as Wi th the uibhahi O SURNNEsS gRateibeloi0q; e YhoreddOnt the
suppressi on nenber 470b is configured of an el astic nenber 470ba and

doubl e- si deditapel ddss Hia telradt b ctorerderf A idbacdndcaoublast.si Teel
tape 470bb are of the sanme shape, with one face of the doubl e-sided
t ape 470bladbeshgn appbired 0 @fobeenibrat e esupbrekrs Len agemnke meyer
470ba. Nhkin% a grotrusion anount C_ of the vibration sup ressiog
nmember 476, TRhEER PRisIIFded cpprradisbteas 1P HélﬁéFaPF%‘? tH%-h&®

| | i f the. i [, | fil 410, b
than the. BPOERasPOrESn " RPSL HaCe: BPATT T Auger Sb8 ety 470a
al l ows  fqry 'S%@vg% £le eg%e%%v%%@éw.' | ynfcomibe dfage el the

f i
optical |ow pass fi teréﬁk% 0 be effectively captured. The adhesion

amount D ofct Bep¥h bl &t | Qb85S hefb 8B NDEIL 4&0&eas .t o the opti cal
| ow-pass filter 410 illustrated in Fig. BE should be decided taking

i nto consi@®sayi on Thiae enacess atymaxadhesiose fier pee funthlegas oghedsséndl y.
This holds true for the vibration suppression nmenber 470b as well .
[ 0083] The reltastint webhez #70bla Yuinw'sf ewdblysf of ned of spft material,

such as urethane foam such as PORON, elastomer, a rubber
member, silicone rubber, or the like. A common adhesive
tape will suffice for the double-sided tape 470ab, with
conceivable examples of adhesive agent including acrylic
adhesive agents, silicone adhesive agents, rubber adhesive
agents, and so forth. The double-sided tape 470ab functions
to attenuate the vibrations reflecting at the edge face of
the optical low-pass filter 410, and to efficiently transmit
these reflected waves to the elastic member 470aa. Note
that while both-sided adhesive tape 1s employed with the
present embodiment for the sake of workability, the present
invention is not restricted to this arrangement, and the
same advantages can be obtained using a soft paste adhesive
agent.

[0084] Thus, applying the vibration suppression members

470a and 470b to the optical low-pass filter 410 allows the
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material with a small Young's nodulus, i.e., a soft material, such as
ur et hane foam such as PORON, el astoner, a rubber nenber, silicone
rubber, or the |ike. A common adhesive tape will suffice for the
doubl e-si ded tape 470ab, with concei vabl e exanpl es of adhesi ve agent
including acrylic adhesive agents, silicone adhesive agents, rubber
adhesi ve agents, and so forth. The doubl e-sided tape 470ab functions
to attenuate the vibrations reflecting at the edge face of the
optical low pass filter 410, and to efficiently transmt these

refl ected wayestt® fdiee£lasticcciBgber dilaggeNetre chhatphidie 1ow-
bot h- si ded adhesive tape is enployed with the present enbodi nent for

the sake @hsworkabétidinyg dheepresentatsrventrhan is twtsaygsthiected to
this arrangenent, and the sane advantages can be obtained using a
soft past eiadhésove agerctdd@84iibusdoeppllyithg tthegvebded iadh the
suppression nenbers 470a and 470b to the optical |owpass filter 410
al | ows t hePtieplebpetPamty s litefr| 8¢Pi e e taAid coygee6f 2pfCopt i cal
| ow- pass filter 410 to t he vibrations

refl ect ed 2R A& eﬁbe%hegselg?%?%%ggéﬂggﬁoqgaf ﬁté’%o%? ?géﬁl VidvEass
Lo 10580508 AL S B AnChey AFObecsgtoLbEnelasl pubers
attenuati %%s%@gé%_@@é@i@d?& vibrations JefdiRcidng 8k the gldgeaf the
optical |lowpass filter 410, conposite waves transporting foreign
matter canokepakbectilvet yaiusedompbsitdevsafalidantsipes tohg r esmsgrg
foreign matter adhering to the face of the optical |owpass filter
410 can beaitnproved. bdetfetdtdvedly Vebdatamy tHteatc@pabilities of
removing foreign matter adhering to the face of the optical
low-pass filter 410 can be improved.
Detection of Vibrating State
[0085] Detection of the vibrating state of the optical
low-pass filter 410 will be described with reference to Fig.
9. Fig. 9 illustrates the detected waveform detected by the
vibration detecting circuit 112 in the event of vibrating
the optical low-pass filter 410 with a frequency f. The
vibration detecting circuit 112 is a circuit for detecting
potential difference due to expansion and compression of the
piezoelectric member 431.
[0086] Sine wave voltage occurs at the sensor electrode SF
due to piezoelectric effect in accordance with vibrations of
the optical low-pass filter 410. At this time, the ground

electrode SB is constantly maintained at ground voltage (0

V), so the sine waveform VSF illustrated in Fig. 9 is
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[ 0085] Detection of the vibrating state of the optical |ow pass filter
410 will be described with reference to Fig. 9. Fig. 9 illustrates
the detected waveform detected by the vibration detecting circuit 112
in the event of vibrating the optical |owpass filter 410 with a
frequency f. The vibration detecting circuit 112 is a circuit for
detecting potential difference due to expansi on and conpression of
the piezoelectric nmenber 431. (0086] Si ne wave voltage occurs at the
sensor el ectrode SF due to piezoelectric effect in accordance with

vibrationgehitbe epéhcale MaWRAsSSNT bttt AlD . ciMcutiRi $121 Mehet he
ground el ectrode SB is constantly maintained at ground voltage (0 V),
so the si peteavebdrdai MSfrdrdeustar deedctad Pigre 9 propbrai oeged riom t he
vibration detecting circuit 112. The potential difference Va detected
here is pridgornpbhbede tof tie ampicaldécwvfratre dpttecal 1P owIpas ®hfEet er
410. The phase 0 detected at this time represents the vibration phase
of the opth £&ferbed pris S (FéRe4TEPT 2RI Ty YIPEREICOMIRTR €waves

occurringé%%héggaggiifgg_éégg‘%%ééggghiﬁf %&%o%ﬁ?agfygeéQ%%%%g%eite

moni torin put~ voltage rm- The Vo e’ an

fr equency&ggglsi 8dc gr%(rbé;uag% t%elo%‘EEEE?_ deviges 430a.and; 4300, gan be

control | ed as feedback at "'the potential difference Va and
phase 0 arRtRedat 8y otk dalrideThet BEESBY GSNEIRL WagedBShI €dhe

transporting vibrations.
voltage and voltage frequency applied to the piezoelectric
devices 430a and 430b can be controlled as feedback such
that the potential difference Va and phase 0 are
predetermined values, thereby generating desired
transporting vibrations.
[oo87] Also, detection of malfunctioning or abnormalities
can be performed. For example, in the event that the
potential difference Va detected by the vibration detecting
circuit 112 is markedly different from what is expected, the
vibrations of the optical low-pass filter 410 can be assumed
to be abnormal. Accordingly, this can be handled by
stopping operations of the foreign matter removal unit and
replacing the unit, or the like.
Modification of First Embodiment
[0088] Next, a modification of the above-described first
embodiment will be described with reference to Figs. 10A and
10B. In the same way as with Fig. 8A, Fig. 10A is a diagram

of the state in which the B faces of the piezoelectric
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[ 0087] Al so, detection of mal functioning or abnornmalities can be
perfornmed. For exanple, in the event that the potential difference Va
detected by the vibration detecting circuit 112 is markedly different
fromwhat is expected, the vibrations of the optical |ow pass filter
410 can be assuned to be abnormal. Accordingly, this can be handl ed
by stopping operations of the foreign matter renoval unit and
replacing the unit, or the like. Mdification of First Enbodi nent

[ 0088] Next, a nodification of the above-described first enbodi nent

will be d%%%%;%gdégﬁ?g %néieftl%g)%nlﬁgv&Obgérgsaé)r%:EQ%da@g %Qélr!lébl samne

way as Wt _ : a dragr of the state In ich the
B faces ofjcl,h€eplegoet LU IJiC theewf;@féaﬂ&%%@s%@@t@amda,e% appl i ed

to the imaging device side face of the optical |owpass filter 410,

as vi ewedviiepaut heoh Nag NghadevigCaesice.side.
[0089] With the first embodiment illustrated in Figs. 8A
and 8B, the vibration suppression member 470a is applied
above the sealing member 450, and the vibration suppression
member 470b is applied below the sealing member 450. 1In
comparison, with the modification shown in Figs. 10A and 10B,
the sealing member 450, vibration suppression member 470a,
and vibration suppression member 470b, illustrated in the
first embodiment, are integrally formed as a vibration
suppression member 570. Other points are the same as with
the first embodiment, and accordingly description thereof
will be omitted.
[0090] BAs illustrated in Fig. 10A, the vibration
suppression member 570 has a rectangular shape with an
opening formed therein. The vibration suppression member
570 is applied to the optical low-pass filter 410 by double-
sided adhesive tape. The vibration suppression member 570
is formed such that the length of the short side is longer
than the short side of the optical low-pass filter 410, and
the size of the opening formed in the vibration suppression
member 570 is greater than the optically effective region.
The length B of the long side of the vibration suppression

member 570 is longer than the length of the long side of the
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[0089]Wth the first enbodinment illustrated in Figs. 8A and 8B, the
vi bration suppression nenber 470a is applied above the sealing nenber
450, and the vibration suppression nenber 470b is applied below the
seal i ng nenber 450. In conparison, with the nodification shown in
Figs. 10A and 103, the sealing nenber 450, vibration suppression
menber 470a, and vibration suppression nmenber 470b, illustrated in
the first enbodinent, are integrally fornmed as a vibration
suppressi on nenber 570. Ot her points are the sane as with the first

enmbodi rrenfo 2841 & fc&f@&ﬁ'@é %g%hpgé@nt& hateohbtwichh bewasddd ed.
[ 0090] As | Iustra ed in Fig the vibration suppression nenber

570 has afhieetangubar shape with an opening forned therein. The

vi bration suppression nmenber 570 is applied to the optical | ow pass
filter 410009ldoublUposi deplniiesihe tigpetiTheswpreadion seppeessibn
menber 570 is formed such that the length of the short side is _|onger
than the $RoiPespRel&Fl tiRy-GFSiscalLFot hedsSHn F@Pt4ibe W tad Ysi ze

of the ope formed int |bra ion 570
grgater t ¥ 3 gﬁév%p{?%%ﬂq3? &ctP éc?%zﬁgﬁE%%%% Iéﬁ fh %Pcﬁstkz | ong
side of t Lgtion suppress 7 4
| ength ofggﬁé Poﬁ & §1§$1 % e% gecalfhelS é%?ﬁ&ggggségﬁﬂéé?ﬁto t he

optical | %me@§85%| t@{e Aéa%e [f@@%za] U@oah@mm@ nd deheoyi brat i on
suppr essi on nenber 57

vibration suppression member 570 each protrude from the edge
faces of the long sides of the optical low-pass filter 410.
[0092] The vibration suppression member 570 is sandwiched
between the optical low-pass filter 410 and optical low-pass
filter retaining member 420 and is compressed therebetween,
whereby the optically effective region of the optical low-
pass filter 410 is sealed off.

[0093] Fig. 10B is a cross-sectional diagram taken along
XB-XB in Fig. 10A. Fig. 10B illustrates, in addition to the
optical low-pass filter 410 and piezoelectric devices 430a
and 430b, a portion of an optical low-pass filter retaining
member 420', as illustrated in Fig. 10A. The optical low-
pass filter retaining member 420' has a protrusion 420a’
formed on the face thereof retaining the optical low-pass
filter 410, and holds the optical low-pass filter 410 by
this protrusion 420a' coming into contact with a part of the
vibration suppression member 570.

[0094] As illustrated in Fig. 10B, the vibration

- 41 -



to the optical |ow pass filter 410 such that the optically effective
region of the optical lowpass filter 410 is situated within the
openi ng of the vibration suppression nenber 570, the edge faces of
the long sides of the vibration suppression nmenber 570 each protrude
fromthe edge faces of the long sides of the optical |ow pass filter
410. [0092] The vi bration suppression nmenber 570 is sandw ched between
the optical |lowpass filter 410 and optical |owpass filter retaining
menber 420 and is conpressed therebetween, whereby the optically

effectl vesbggiregs%n theuRnt is6al s LouepAsSfdd (8T a%101hSc seatabeaf f .
[ 0093] Fi g. B 1s a cross-sectional diagramtaken along XB-XB in Fig.

10A. Fig. 5303 bhhustketsssiddd adget 5000 0 ThBec DRt t Lalmdnmarpagsaf il ter
410 and piezoel ectric devices 430a and 430b, a portion of an opti cal

| ow pass fanbkt dbubktas ey tprbéi70420ke @b tiHd wsineatbdpen W igh ObBA.
The optical |ow pass filter retaining nenber 420 has a protrusion
420a' for fedeontt heefdritarerdetl tepai ni My Ri@dopPPEeaPd| B Piss

filter 410, and holds the optical |owpass filter 410 by this
prot rusi of™4208' Te6Ri Ay it ¢leshtacheRPeh o Yar t ToF ??ﬁggﬂé%gﬁtPSn

3?8?;5?zL%%engng5e§g£heJ(¥¥%gl%%Oklkgsgég§fg%i€% E&%'o%gg%a£r¥%w—
pass filter 410. Upon the other face of the double—sidéd
tape 570b being applied to the optical low-pass filter 410,
the edge face of the vibration suppression member 570
protrudes from the edge face of the optical low-pass filter
410 by a protrusion amount C, as shown in Fig. 10B. The
protrusion amount C and adhesion amount D are the same as
with the first embodiment, so description will be omitted.
[0095] As illustrated in Fig. 10B, the portion of the
adhesion amount D where the protrusion 420a' comes into
contact has the same function as the sealing member 450 in
the first embodiment.
[0096] A clearance Y (Y > 0) and a clearance Z (Z > 0)
such as shown in Fig. 10B are formed between the vibration
suppression member 570 and the optical low-pass filter
retaining member 420'. That is to say, the optical low-pass
filter retaining member 420' holds the optical low-pass
filter 410 such that the vibration suppression member 570
and optical low-pass filter retaining member 420' do not

come into contact in the vicinity of the side of the optical
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suppressi on nenber 570 is configured of an elastic nmenber 570a and
doubl e-si ded tape 570b. The el astic nenber 570a and doubl e-si ded t ape
570b are of the sane shape, with one face of the doubl e-sided tape
570b being applied to one entire face of the elastic nmenber 570a. The
ot her face of the double-sided tape 570b is applied to the opti cal

| ow- pass filter 410. Upon the other face of the doubl e-sided tape
570b being applied to the optical |owpass filter 410, the edge face
of the vibration suppression nmenber 570 protrudes fromthe edge face
of the Opﬁb%a$a59m5£5%§%f4ﬂ0t%ﬁeééotg¥ Qi I QLIS QB RBDEM n Grerf® rShoOwn
in Fig. 10B. The protrusion amunt C and adhesi on anount D are the
same as Wist/h theapp1sda enbpds nBfthe Sugdeser icpki 6tent | 4hdre tom tt ed.
[0095] As illustrated in Fig. 10B, the portion of the adhesi on anount
D wher e t ebprot oussarp2(d onc opmbei Nd 80 coontesc tintias coheastamel fhumct | on
as the sealing menber 450 in the first enbodi nent. [0096] A cl earance
Y (Y > 0) mafgraaé| bararnte 2igh YopRgsschodsl$hewmsh ASFFESiNoB are
formed between the vibration suppressi on nenber. 570 and Lhe opti cal

| ow pass fieteér OF ebBf ni i méner 22027 FRteT 8o T8y T T HeS Pt i cal

| ow- pass filter retaini mber 420' _hol ds_t.he _qpti.cal pas
filter 41@a¥88hg?ﬂ%fa?%£qugﬁgtFg esﬁﬁb@@%éﬁﬁﬁ‘ﬁ%‘ er g?%ggﬁgﬁﬁ%iica

| ow pass f iqlot r I Ol Ag e , ot ok Lpte soat@act o the
vicinity éﬁot%gesﬁgg %%ﬁghe op??cé?ge?gﬁﬁpaéz filtgr 450 mﬁgfé:the

Vi brat i on c3UpRKeSHéMPe EITRYS. SNOé StiappliredheThi ent sthee altze eldget he
event that the vibration suppression nenber 570 cones into contact

wi th a matferieabfhawe ngilardtigh Yoppgess on uhargoesu it Oagroesiude orfnmst al
or the like, i.e., a hard material, the reflected waves generated at
t he edge dihet kdogptaealof cwpapsitilt épvaddsarfd liter 44Pf (RY@miYsLon
attenuat ed and/ or absorbed by the el astic nmenber 570a. Note that in
the event ¥RELL Re”elbe Fhc&IGRTERESVE BPRAY ih Suppr essi on menber 570

Pt s Joth e 188 LACFE o 05, LS 3hel A08EP TAIARLH1ren
retaining member 420' is a material with a small Young's
modulus such as urethane foam or rubber material, i.e., a
soft material, the clearance Y and clearance Z may each be 0.
That is to say, the optical low-pass filter retaining member
420" may be allowed to come into contact with the vibration
suppression member 570. This is because a material with a
small Young's modulus, i.e., a soft material, will not
impede the effects of the elastic member 570a attenuating
and/or absorbing reflected waves.

Second Embodiment
[0098] A second embodiment of the present invention will

now be described in detail with reference to the drawings.

With the above-described first embodiment, traveling waves
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[ 0097] Al so, in the event that the optical |ow pass filter retaining
menber 420" is a material with a small Young' s nodul us such as

uret hane foam or rubber material, i.e., a soft material, the

cl earance Y and cl earance Z may each be 0. That is to say, the
optical |low pass filter retaining nenber 420' may be allowed to cone
into contact with the vibration suppression nenber 570. This is
because a material with a small Young's nodulus, i.e., a soft
material, will not inpede the effects of the elastic nenber 570a

attenuati @gaagﬁiﬁ% ﬁbsa{ebIlwgl%thgﬁsﬁddﬂ@&%nseeoeﬂe Esboi A Nlow-
[ 0098] A second enbodi nent of "the present invention will now be

descri bedphBsdet atdr Wit Jref geaneacé® dhecrdy apichgal Wwtpddwe filter

above-descri bed first enbodi nent, traveling waves
410. Instead of this, with the second embodiment, standing
wages are generated in the longitudinal direction of the
optical low-pass filter 410, i.e., in the direction
orthogonal to the short side of the optical low-pass filter
410 where the piezoelectric device 430a is applied. With
the present embodiment, standing waves are generated in the
longitudinal direction of the optical low-pass filter 410,
whereby foreign matter is flicked away in the normal
direction of the optical low-pass filter 410, thereby
removing the foreign matter.
[0099] Fig. 11 is a graph illustrating the relation
between frequency and amplitude with two vibrations modes
generated by excitation at the optical low-pass filter 410
according to the present embodiment. As shown in Fig. 11,
flexural vibrations of an m'th order vibration mode are
generated by excitation with a frequency indicated by f(m),
and flexural vibrations of an m+l'th order vibration mode
are generated by excitation of a frequency indicated by
f(m+1l). Now, if we set the frequency f of the voltage to be
applied to the piezoelectric device 430a such that f = f(m)
and f = f(m+l), the resonance of the m'th order vibration
mode and the resonance of the m+l'th order vibration mode

can be used.
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traveling in the longitudinal direction of the optical |ow pass
filter 410 are generated at the optical |lowpass filter 410. Instead
of this, with the second enbodi nent, standing wages are generated in
the longitudinal direction of the optical |owpass filter 410, i.e.,
in the direction orthogonal to the short side of the optical |ow pass
filter 410 where the piezoelectric device 430a is applied. Wth the
present enbodi nent, standi ng waves are generated in the |ongitudinal
direction of the optical |owpass filter 410, whereby foreign nmatter
is flickeqoaway)i nrihe. nosaBlndirectiena9bqthe optisdladliay pass.
filter 410, thereby renoving the foreign matter. [0099]Fig. 11 is a
graph il wskeabing éhen relatitanthetween iegidray madds ahpl tHaideenict h
two vibrations nodes generated by excitation at the optical | ow pass
filter 41Ghaccor dsngn tald hempeeseatd enbbigremrprlAsdshownheé n Fig. 11,
flexural vibrations of an mith order vibration node are generated by
exci t at i o®igizPRlactFEguiaithFsisndPlat edd bys Uy , Randn f $8XWH & 9F Brati ons

of an mtl'th order vibration node are generat by excitatjon of a
frequency SRGi ¥RBER Byt F @GP PeT %Efﬁghgxﬁrig%eﬂ%§p%¥§ﬁtethe
voltage tq bhe_a ied to the piezo ctric ' : that f =
f(m gnd F‘gaffgﬁéffef%é'fgsoﬁé béE% ]fag'ﬁggﬁkgﬁdéggg?gfggfon node

and the resqenanee; of-tdes neslydh Qnder, vhbrat it nede reans be dised.
[ 00100] Fi gS. 12A and 123 are diagramillustrating the wavefornms of m

and mtl 't vrer deezybbeatiion ddes 4Bokhhes evgstiddhalbo mhiestace asitl the
nunber, and voltage applied to the piezoelectric devices 430a and
430b. As amptéxafplewepass chsleewhdi@ ati shansiotkd teweldr théi eagiI@A and
12B illustrate a case where m= 9. Fig. 12A is a diagramview ng the
optical | o®vpass3Bilter 410 fromthe main mirror 6 side. The

pi ezoel ectric device 430a is applied to the face of the aptjcal. .
| ow pass fEAOrI41asheKB éPdQPQO tfe e ?ﬁ%ﬁ%ﬂ§%q§i rection

of the optical low-pass filter 410, multiple nodes are
observed at equal intervals in the longitudinal direction of
the piezoelectric device 430 in the flexural vibrations of
the respective vibration modes. Fig. 12B represents the
amplitude of AC current applied to the piezoelectric devices
430a and 430b in the flexure vibrations in the respective
vibration modes, by real component and imaginary component.
(1) in Fig. 12B illustrates AC voltage of the flexure
vibration in the m'th order vibration mode. (2) in Fig. 12B
illustrates AC voltage of the flexure vibration in the
m+l'th order vibration mode. Note that in order to detect
the same amplitude in the flexure vibrations of the two
vibration modes, the voltage of the flexure vibrations in

each vibration mode is stipulated to the amplitude of the
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[00101] As shown in Fig. 12A, in the longitudinal direction of the
optical low pass filter 410, multiple nodes are observed at equal
intervals in the longitudinal direction of the piezoelectric device
430 in the flexural vibrations of the respective vibration nodes.
Fig. 123 represents the anplitude of AC current applied to the

pi ezoel ectric devices 430a and 430b in the flexure vibrations in the
respective vibration nodes, by real conponent and imagi nary
conponent. (1) in Fig. 12B illustrates AC voltage of the flexure
vibrationghp,t,be WihOfder s Rrathopy e (4brhR:iEhOnod?3 with
illustrates AC voltage of the flexure vibration in the mtI'th order
vi br ati on tpedempNot €dd hadtiio verdeent eheet egtudcheisanei apldd ude in
the flexure vibrations of the two vibration nodes, the voltage of the
fl exure vibrat bedsriwileachion bodbi endnode flexstrepulit@di ¢mws tdfe the
anplitude of the flexure vibrations in the nmyth order vibration
nmode, wit RHihEhappiex udidradtion pedaeadp 2 hk- fl exure vibrations of the
mth order vibration node and the flexure vibrations of the mtl th

order vi briQ@Pt8R1 nod@CastANYINg GANES Wi SEARST T VRS SWRE R

diff t d ted in th tical, | i b

2l ter nat eFS SBBLSRNGE (HE ABpTI 80 T8I CBEE (1 S0 10D BF speerfiaatty.” o

first standingingvenl s, gPnelated hyc0enerald ng by sxcidatdan,of ot he
passfi the

optical lo ter 410 flexuré vibrations of m th order

vi bration fede ataadf{f@quencY s0hehbhtedl 5P, gehes0eOnd B adieh Tigh ni@ve
is generated by generating by excitation of the optical |ow pass

filter 410ff keaxupptvcdhr atdovoirmsef fttheemril® hflonader vibratioms nodehat a
frequency of f(m+l). By alternating this, foreign matter adhering to
the face of thherdpri cHpratoppassief pkt er fyd@iewmy 9 fiincked l@&®ay2 and
the foreign matter can be renmoved. [00103] By generating two
st andi ng W&FEEIof ERRFERT tR oride FeRFFREFS Y I aFﬁEgoﬁgical
| ow- pass filter 410, even in the.event that_there s ftoreign matter
adheri ng ﬁﬁﬁﬁ%ﬁtﬁ88e0§ft HeERT S g?ﬁﬁ@?%@ %ﬁ@??hﬁﬁ?sfg%%u e renoved

by Vibrat%%%r%&%%?? QPt%ﬁgkﬁMQW%P%§aeEibiﬁ%afgu%.%Ed%hgtsgcﬁgghuency

st andi ng wave. s to say, by using vibration nodes of even nodes
and odd negdes witih . adjacantrandens eRuUsestdRegRogdestéd appedamnqato

different positions, inproving the effects of foreign matter renoval.

the face of the optical low-pass filter 410 can be flicked
away, and the foreign matter can be removed.

[00103] By generating two standing waves of which the order
differs by 1 at the optical low-pass filter 410, even in the
event that there is foreign matter adhering upon a node of

the first standing wave, this can be removed by vibration of
the optical low-pass filter 410 at the second standing wave.
That is to say, by using vibration modes of even nodes and

odd nodes with adjacent orders causes the nodes to appear at

different positions, improving the effects of foreign matter

removal.
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[ 00104] Al so, the nunber of standing waves to be used is not
restricted to two, and three standing waves with adjacent orders,
such as frequency f = f(m, f(mtl), and f(m2) nmay be alternately
generated, or a greater nunber of standing waves nay be alternately
generated. [00105] Fig. 13A is a diagramof the state in which the B
faces of the piezoelectric device 430a has been applied to the

i magi ng device side of the optical |lowpass filter 410, as viewed
fromthe inmaging device side. As shown in Fig. 13A the piezoelectric
devi ce 43%0'.184?%&@9 topd el o3l sltgﬂﬁpﬁ?swewe!st elo $L0yseqathat the
| ong si des of the piezoelectric device 430a foll ow one short side
(one sidehoef rtberoptdLalo ltaw, pass thitdersdddingheal-esgtixof the | ong
si des of the piezoelectric devi ce 430a and t he | engt h of the short

si de of thejeptntabrdens, passhf bt Eredddhay & apgrioxi nafretd) t radsane.
[00106] Flg 13A illustrates a schematic diagramof flexure

vi brati ong (24 heayils aﬁhmnﬁﬁééymem%rﬂf%hu@ﬁc? preafgmnunRery Rt

exanple of a case where mis an_odd nunber, % BAillustrates a
case wher §*#Pdiny T@ﬁTDfPXA?esﬁeﬁﬁr??F?ﬁ%]g?ﬂ? §fandi ng waves are

generatedﬂgﬁggg |en15£ fgeal&a.'tUd'@akh?'rgggé gkiﬁgetﬁgtécal

| ow pass [ i Of Grtho onal ort

si des of %eg%kcek O;savez%ae%%cftkh&eaeéﬂgeV\mfaehta@ebebez Bdd it
device 430a is applied. The dotted lines in Fig. 13A indicate the

nodes of the $hagdhdHMAMas sike bhetsanBomayalas ow-basthei fidsta10,
enbodi nent, 1st order standing waves are generated in the traverse

d|rectlonaefvtbeedpfr@mjtﬂammmp339gfdéVewe4éine HoReverqwr nmt fégevent
of generating standing waves in the |ongitudinal direction, the

anpl i t ude 138/t ke miem@actgti@néeﬁgcm%g%a geheratdgdi hot Hee toRhierde
direction is vastlggsnaller as conEared with the amplifude of the 1st

order stardng>faves’yenet'dt €& FR2thePe ohighd wilidtal © iFEﬁtion
Accordlng%ﬁ@zén}%g?r%%%%?ﬁxxgﬁg%ra% Tg ?t?@dl rt s?ae oﬁg side)

| ongi t udi e anplltuae 0 standi ng ves generated
in the of the optical low-pass filter 410. The length of the long

sides of the piezoelectric device 430a and the length of the
short side of the optical low-pass filter 410 are
approximately the same.

[00106] Fig. 13A illustrates a schematic diagram of flexure
vibrations in the vibration mode where frequency f = f(m).
As an example of a case where m is an odd number, Fig. 13A
illustrates a case where m = 9.

[00107] As shown in Fig. 13A, standing waves are generated
by excitation in the longitudinal direction of the optical
low-pass filter 410, i.e., in a direction orthogonal to the
short sides of the optical low-pass filter 410 where the

piezoelectric device 430a is applied. The dotted lines in
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| ongi tudi nal direction are al nost unchanged by the anplitude of the
first order standing wave generated in the traverse direction.

[ 00108] Standing waves generated in the |ongitudinal direction of the
optical low pass filter 410 reflect at the edge of the |Iong sides of
the optical |owpass filter 410, i.e., at the edges of the optical

| ow- pass filter 410 where the piezoelectric devices 430a and 430b are
not applied. Accordingly, irregularities occur in the vibrations of

t he standi ng waves near the |ong sides of the optical |owpass filter
410, and wiifrat BANSn@f c& PNAze nehiBer o hak tharRhagewgbe4 he st andi ng
waves occur. Accordingly, if the sensor electrode SF is positioned
near the edgeswal &hewltngisd degseaf enbed pdritgall skkowrpassstandierg 410,
the sensor electrode SF cannot accurately detect the standing waves
gener at ed vianeshert opge nadigralindithect Favenfe tdigegptiroabt | ove pagsical
filter 410. [00109%,Accordingl , the piezoelectric device 430 is
appl i ed t dovheaspt et dhdasioreTeer M GFhsubkehhatt tIrEeIéndap
electrode SF is situated within a range of the optically effective
eqhon i n SEABCEPRVEFCES dit 0 GTeH PRE Db e tRon phat T TR0,

i ndi cated Qy [ [ Vth t e odi , sition
of the seﬁ?o?hglggg}%kﬁégggﬁéghEggnagﬁggégﬁggfﬁggighg?ﬂ%h%£¥§3§%?se

di rectiong@fetheorpis calsdQpasseli bt etofddedlhisn the &hfectizieof
refl ected waves generated at the edges of the long sides in the
optical | o# passibt|dededldrorannbewalr8s eetkat{c@0ih0Ehél so, as
illustrated in Fig. 13A, a vibration suppression nenber 670 is
appl i ed t donhbetopinehldimwpass fiAd¢cardiaplysoiasthe cameeroft he two

| ong sides of the optical |owpass filter 410 and the one short side
of the optrdgFarsne pasdnding ¢dvasoinotvki Endifedgne2 et eetri déicce
430a i s not ggglied. As shown in Fig. 13A, the vibratgon suppr essi on
member 67G7PSIEPARI 8 T (HETGPOIC ARV IV PR 1] £8r Y430 such t hat

the three(}foﬁgﬁgu?%ggf e%ito%a%?g Qb e M%Vn&%igd%aoﬁh@ %rﬁgllrﬁltP e

menber 65 outer ree Ssirdes are eac trading

three sides ohet heroptd L |0WMPASS bt efertthQiccbhalh LRel O SAYsd he
edge faces of the outer sides of vibration suppression nenber 670

each protriudetioam the edge faces of the sides of the optical

| ow- pass filter 410.
[00108] Standing waves generated in the longitudinal
direction of the optical low-pass filter 410 reflect at the
edge of the long sides of the optical low-pass filter 410,
i.e., at the edges of the optical low-pass filter 410 where
the piezoelectric devices 430a and 430b are not applied.
Accordingly, irregularities occur in the vibrations of the
standing waves near the long sides of the optical low-pass
filter 410, and vibrations of a phase other than the phase
of the standing waves occur. Accordingly, if the sensor

electrode SF is positioned near the edges of the long sides

of the optical low-pass filter 410, the sensor electrode SF
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[00111] Fig. 133 is a cross-sectional diagramtaken along XII1IB-X11B
in Fig. 13A. Fig. 13B illustrates, in addition to the optical

| ow- pass filter 410 and piezoel ectric devices 430a and 430b shown in
Fig. 13A, a portion of the optical |owpass filter retaining nenber
420. [00112] As illustrated in Fig. 13B, the vibration suppression
menber 670 is configured of an elastic nmenber 670a and doubl e-si ded
tape 670b. The el astic nenber 670a and doubl e-si ded tape 670b are of
t he sane shape, with one face of the doubl e-sided tape 670b being
appl i ed tQ 0N eALLy e fAGE R cbher gl astif MRMGk6708ne M Plihekntace
of the double-sided tape 670b is applied to the optical |ow pass
filter 41QonYpendihel alheiciaseoof thdeoglouhiie1sivdpdst apel teiOht lloei ng
applied to the optical |owpass filter 410, the edge face of the

vi brati on [sappeessironongnbety 6 Aheprokerodésctromddiel ®ddg80f ase of the
optical low pass filter 410 by a protrusion anount C, as shown in

Fi g. 13B. aPhréipfote ushorrrdmant 1ovapas adhesicoh ‘dfogHER D le tife same
as with the first_enbodi ment, so description will be omtted. [00113]
As illust PEPERT| ALEFIFOIRPY WieAtERRESPLT AT GwrpRYE ‘% 1t 410 is
hel d by the_ _optical w-pass filter.retainin nber _4 h i ng
menber 6561’){%8 %E r%%s%éc e \llf/eegﬁoflh%ano% €fcnca ag’leg%-epgége%?jf?%roea% %and
the optic : i ld:er Leyapni endhey , 3 by 4de width
of the seg)ht%gw:erelnger‘I a6§5é0 %gggﬁegglljzf {All?dt hi's tibg;9 éﬂ’rgﬁie%r alnj(::Pte1 Y (Y >
0) and a @liear aheepleddnt> docaiGBnas SHOWLH Itifdndof18Beasend®r ned

bet ween the vi bration suppression nenber 670 and the optical | ow pass
filter retdientrgdaesbers 4A%hn Thet cekstén says dtheheptireabrsow pass
filter retaining nenber 420 holds the optical |low pass filter 410 so
as to not ddometinrootothactrtiiceR Lhe-Bad? afildiesdpPresSiwn WBfber
670. This is because in the event that the vibration suppression
nmember 67GIE6RES Pht BREHIERY “RIVER ae?r%’f%??dalathé\ﬂenﬁdaegi %ﬁ Y¥ung' s
nmodul us such as.resin or, netal. or the like,_i..e. har terial,
the refl ect8d Ra¥e2 H2netat® Ztlactalt%gwé%ﬁses o 1RE élgtoi 833 rr%w pass
filter 4191%%riﬁig%.suffi ciently attenuated and/ or absorbed by the

el astic nenber 670a. Note that in the event that the edge face of the
vi bration [96aR0§SSIMRTERRE 1 679 Rl Udes il omsA hes edgeftaea of the
optical |low pass filter 410 (protrusion anount C > 0), the cl earance
Y may be Gupp@8iidh Admiosr idV0t He epphied hiat tHee oppticeadl 1boveamss
filter retaining nenber 420 is a material with a small Young's

nmodul us suchtas diet hanes foamayerr gbberwont@rd alidss, ef thesepgical
material, the clearance Y and c| earance Z may each he That is to

say, the JFti®aPs| bwtpass*¥l 13%r thet anfi M erbér® @Zfot%ﬁyorﬁ*él‘éqll owed

to come into contact with, the vibratl en. SUPPLSssl 0 MPAREEcE7f0d M S
is not applied. As shown in Fig. 13A, the vibration
suppression member 670 is applied to the optical low-pass
filter 410 such that the three inner sides are situated on
the outer side of a sealing member 650, and the outer three
sides are each protruding from the three sides of the
optical low-pass filter 410. That is to say, the edge faces

of the outer sides of vibration suppression member 670 each
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smal | Young's nodulus, i.e., a soft material, will not inpede the
effects of the elastic nmenber 670a attenuating and/ or absorbing
refl ected waves. [00115] As descri bed above, advantages the sane as
with the first enbodi mrent can be had even if the type of vibrations
generated in the longitudinal direction of the optical |ow pass
filter 410 are standing waves, or even if a configuration is used
where the nunber of piezoelectric devices is one. Mdification of
Second Enbodi ment [00116] Next, a nodification of the

above-descri [ qﬂgp qren L ke | ; nce to
Fi gs. 14A§ghg§%%%.f%%nt e g%%% Egéggso€ﬁ¥%§%?§églg£rt%?d%ﬁ%gﬁgis a

di agram of, ol,hgastat£1ddy Whicch the B faces of the piezoelectric

devi ces 430a and 430b have been applied to the imagi ng device side of
the opticqgobamg pagsqf.i LB8Bridld,crassHsewedohabmiidperamagkay device
side. [00117] Wth the second enbodinent illustrated in Figs. 13A
and 13B, #AEIBrKIAIR o SUpr S8 onf FenbaB 620upsrappti éd BECEREOBULt er
side of the sealing nmenber 650. In_conparison, with the npdification

shown in EPg§he 19t arri 1A ~RAve §ééf?ﬁg4H%ﬁHE*Fﬁgéoﬁﬁa?E?%ﬁ VoS
Subpress! JRGTIRST 1809 {fAELRked, oAl SEsAd emORl I ats
are the sang_as.w th the secand gmhediopnizo and accordingly
[00112] As illustrated in Fig. 13B, the vibration
suppression member 670 is configured of an elastic member
670a and double-sided tape 670b. The elastic member 670a
and double-sided tape 670b are of the same shape, with one
face of the double-sided tape 670b being applied to one
entire face of the elastic member 670a. The other face of
the double-sided tape 670b is applied to the optical low-
pass filter 410. Upon the other face of the double-sided
tape 670b being applied to the optical low-pass filter 410,
the edge face of the vibration suppression member 670
protrudes from the edge face of the optical low-pass filter
410 by a protrusion amount C, as shown in Fig. 13B. The
protrusion amount C and adhesion amount D are the same as
with the first embodiment, so description will be omitted.
[00113] As illustrated in Fig. 13B, when the optical low-
pass filter 410 is held by the optical low-pass filter
retaining member 420, the sealing member 650 is compressed

between the optical low-pass filter 410 and the optical low-
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description thereof will be omtted. [00118] As illustrated in Fig.
14A, the vibration suppression nenber 770 has a rectangul ar shape
with an opening fornmed therein. The vibration suppression nmenber 770
is applied to the optical |owpass filter 410 by doubl e-si ded
adhesive tape. The vibration suppression nenber 770 is formed such
that the length of the short side is |onger than the short side of
the optical |lowpass filter 410, and the size of the opening forned
in the vibration suppression nenber 770 is greater than the optically
ef fective Legi en + Jhe M NHALLORRYPPT £55] AmFeBheEnd MPidis apldned to
the optical |lowpass filter 410 such that the optically effective
regi on of stheippth&aled ®HPBSSohebt®r 410thssStimkat ed dlicklrbncthe
openi ng of the vibration suppression nmenber 770, whereupon the edge
faces of t(ie>t by eendiales cafranke %i bE at i ©n syppresshown nenbirg .726Beach
protrude fromthe edge faces of the two |ong sides of the optica

| ow pass ikt Eprud® kafdvadie theevihvrEieh dRRMFEES PR PO A Kk B

device 430a is not applied. That is to say, the edge ces, of the
outer si dé§oPPHHERY | I EEST §6gﬁ?ﬁsg?5ﬁ”ﬁéﬁb8Fmg?g éggh %PSFrbae out
fromthe edge_facges of .t.he.sides of _t ical_ . p i 410.
[ 00119] T%g Vrbra |%HX§ﬁﬁﬁPe§§Voﬁ8ﬁ% gpgggﬁ%ﬁflégﬁ%mﬁ% é%!ﬁgﬁaeen

the optical, hawpass,fidden 418.a0d:0ptdcad1d QW Rassof hbt &lodetialcbi Ng
menber 420 and i s conpressed therebetween, whereby the optically

ef fective doaghen #f th hehoptigalk ibawspasseddildremedbOri 676 ealredsol §.
[00120] Fig. 143 is a cross-sectional diagramtaken al ong Xl VB-Xl VB
in Fig. 14Acabbg.id4he |dwstor ahes, tha addidtiom tsopphessopon gedmber

| ow-pass filter 410 and piezoelectric devices 430a and 430b, a
portion of670heonpsi tafo | Twmtpads wiitht ernaedmiadi Agviegbar h4p' YourKe s
optical low pass filter retaining nmenber 420 on, 420a

formed on™HEPacEUthetdt®T et é’ir_nf“ﬁﬁa)f h®* optS ég'l_%s‘el’g\}'&f[ﬁgtsggﬁaﬁder 410,
and, ol ds g 00 OBl | AYEPRSS LALEE SIRIICAILS BAtgustof 4308
770. optical low-pass filter 410 are not sufficiently attenuated
and/or absorbed by the elastic member 670a. Note that in
the event that the edge face of the vibration suppression
member 670 protrudes from the edge face of the optical low-
pass filter 410 (protrusion amount C > 0), the clearance Y
may be 0.
[00114] Also, in the event that the optical low-pass filter
retaining member 420 is a material with a small Young's
modulus such as urethane foam or rubber material, i.e., a
soft material, the clearance Y and clearance Z may each be 0.
That is to say, the optical low-pass filter retaining member

420 may be allowed to come into contact with the vibration

suppression member 670. This is because a material with a
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[00121] As illustrated in Fig. 143, the vibration suppression nenber
770 is configured of an elastic nenber 770a and doubl e-si ded tape
770b. The el astic nenber 770a and doubl e-si ded tape 770b are of the
same shape, with one face of the doubl e-sided tape 770b bei ng applied
to one entire face of the elastic nenber 770a. The other face of the
doubl e-si ded tape 770b is applied to the optical |owpass filter 410.
Upon the other face of the doubl e-sided tape 770b being applied to
the optical |owpass filter 410, the edge face of the vibration

suppr essi QR MeMgHn g7 Rhinudes Erom theredgefrace, ofithepti cal

| ow- pass filter 410 by a protrusion anount C, as shown in Fig. 143.
The protrusbedcatnend f feady Edhasi eDaatDunienBear @ 70heasasmusasingi t h
the first enbodi ment, so description will be omtted. [00122] As

i Il ustrat edd/nrFaigsoddidyg tred lwicdel Favegi on where the protrusion
420a' cones into contact has the sanme function as the sealing nenber
650 in thdOPAR8] edSodrAERiPeq 0TADE, AWPBAREAE e (Spme 0F YAHRathe

clearance Z (Z > 0) .such as sho in Fig.. 143 are fornped. between the
vibrationfgﬁgﬁrﬁgg%?ﬁp%%%ﬁﬁ¥lﬁﬁﬁﬂﬁﬂdeYﬁ% %%ﬁ%géﬁyPSMPEEE%b??ﬁﬁ%ﬁs
retai ni ng _menb 20" . That j . , Nt | WE filter
retaininggﬁge g%e 2bm'HS?3%”%%55§65?%a?59%ﬁ§§%§g%#F ?e?gﬁ%%ﬂédéﬁﬁihat

the vibratj,qa $YPPLESH] OLABHRENAIA] ARG OPtdCalvdrowspass fil ter

retai ning menber 420' do not come into contact in the vicinity of the
side of thengpyueatibowpassd Whicee 420 wmheser tdfe piehbaléotric
suppression nenber 770 is applied. This is because in the event that
t he vi br atdeoricsappsesse on nenber 770 cones into contact with a

mat eri al having a high Young's nodul us such as resin or netal or the
like, i.eModifhgptipntefigconthémpefiBered waves generated at the
edge of the ogptical_ |owpass filter. 410 are notf sufficiently .
attenuatedqgﬂgﬁér ﬁﬁ?ﬁrbédeglfh%§%V§éfF§tﬁﬁnﬁé?V%“ SCINGEE £HEETI n

t he event that .the. ed f.ace, of . i t] I essi me /0
protrudes efmrbgr%lfn ﬁrelteﬁggl f%tedeo I %dog? %ga%gfeo%q%%sg%f :F??Ser % and
(protr usi onamuntede Bl Jaljeat! GRERNSR ¥ 1Y Beq0. 140001241 A SO,
in the event that the optical |ow pass filter retaining nenber 420

is a materdidlgrait Bratsewd tadOung whicADEHbUS Sads as whet hane foam or
rubber material, i.e., a soft material, the clearance Y and cl earance
Z may eaclpikezo@leThaicideticesnyi3dchendptBeal hd oawqrass applied to the
retaining menber 420' nay be allowed to cone into contact with the

vi br at i on iswgpnes SeBhRCRePts T7GEheThP§ 13l bhedures s ffateri 419wmidh a
smal | Young's nmodulus, i.e., a soft material, will not inpede the
effects oF”ﬁW@deﬁﬁgPiEhﬁEHH§P1¢?§§V&FFeﬁb§?ing and/ or absor bi ng

reflected P&Bﬁf&] With the second embodiment illustrated in Figs. 13A
and 13B, the vibration suppression member 670 is applied to
the outer side of the sealing member 650. In comparison,
with the modification shown in Figs. 14A and 14B, the
sealing member 650 and vibration suppression member 670
illustrated in the second embodiment are integrally formed
as a vibration suppression member 770. Other points are the

same as with the second embodiment, and accordingly
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[ 00125] Now, the optical nenbers according to the present invention
are not restricted to the optical |owpass filter 410. Wiile a
configuration has been described above where vibrations are generated
by excitation at a crystal birefringent plate, the naterial of the
birefringent plate is not restricted to crystal, and |ithium niobate
may be used instead. Al so, an arrangenment nmay be nade where

vi brations are generated by excitation at an optical |ow pass filter
configured by layering a birefringent plate and phase plate and

i nfrared @Qéewwg@ﬂiIéﬁ&reofonu@lsbgpéﬁlﬂ@or ared absorbing filter.
Further, an arrangement nay be made where vibrations are generated by

excitati orfoat18]si mpl e1glhassatdatier diigposed, i thé ramraofi chhe
birefringent plate. [00126] Wile description has been nade with the
above enbotbpeatsicrgeentiary 740 eranpl eecfargapilayi shaprhevprlesant
invention to a digital canera, the present invention may also be
appl i ed t ®P6pLiea ﬁﬁﬁbﬁéﬁﬂ§é§ -SUBHF d50reGare eRpRY TS o e8P6Fs. I n

th t that f tt h dust h th
face of ”oaﬁ.oiép %éﬁl'o%%‘%”a e BrOCHT of PO Eal S SE ot T GRETeal
apparat uses 4 ﬁ‘ vg%aop sryy %@'mpor Oa!t%%ﬁqorﬁﬁ ? §Q§<gr9\'¥%e9rfbetrhg.70

ect e 'Ry

forei gn n'atter V\A e pr accor a conflguration

simlar tqgdthatngh &@@haﬁgﬁgk%%nﬁénggﬂ @@1ﬁﬁg%hor&oglag]1yvﬂ5d§é&he

present invention has been described with reference to exenplary
enbodi mentchani theSshorbes iplerrsstaedophatal hev-peent fantes 4md, land t ed

to the disclosed exenpl ary enbodi nents. The scope of the follomﬁng
clains isthe bézacodrdes dsdenimmoddesedi vt ertpy etidiriagnososagptession
enconpass all such nodifications and equival ent structures and
functi ons membeAl UB0 is greater than the optically effective region.
The vibration suppression member 770 is applied to the
optical low-pass filter 410 such that the optically
effective region of the optical low-pass filter 410 is
situated within the opening of the vibration suppression
member 770, whereupon the edge faces of the three sides of
the vibration suppression member 770 each protrude from the
edge faces of the two long sides of the optical low-pass
filter 410 and the one short side where the piezoelectric
device 430a is not applied. That is to say, the edge faces
of the outer sides of the vibration suppression member 770
each protrude out from the edge faces of the sides of the
optical low-pass filter 410.
[00119] The vibration suppression member 770 is sandwiched

between the optical low-pass filter 410 and optical low-pass

filter retaining member 420 and is compressed therebetween,
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1. Aforeign matter renoval unit conpri sing: a rectangul ar
optical nenber disposed on an optical path, in which is set an
optically effective region through which a light flux passes; a
pi ezoel ectric device provided to a side of said optical nenber on the
outer side of said optically effective region; and a vibration
suppressi on nenber provided to a side of said optical nenber where
sai d piezoelectric device is not provided, wherein said

vi bration suppression nmenber is provided to said optical nenber such

that an edgertacecd ddhe siide efrreatdvoptdfian EMREE WhEl @ ISaidh-
vi bration suppression nenber is provided does not protrude out from
an edge f aeesofisatd 4dbriat isealsdpprfessi on nenber. 2. The foreign
matter renoval unit according to Claiml1, wherein said
vi br ati on [99pBP&ssiFAm - meABek s hascrpsstsicgtéhape dfagifciiakre pépgd h of
the long side is |onger than the !on%_side of said optically,
effectlvexﬁgénﬁﬁYBah% Fig. 14A. Fig. 14B illustrates, in addition to
the optical low-pass filter 410 and piezoelectric devices
430a and 430b, a portion of the optical low-pass filter
retaining member 420'. The optical low-pass filter
retaining member 420' has a protrusion 420a' formed on the
face thereof retaining the optical low-pass filter 410, and
holds the optical low-pass filter 410 by this protrusion
420a' coming into contact with a part of the vibration
suppression member 770.
[00121] As illustrated in Fig. 14B, the vibration
suppression member 770 is configured of an elastic member
770a and double-sided tape 770b. The elastic member 770a
and double-sided tape 770b are of the same shape, with one
face of the double-sided tape 770b being applied to one
entire face of the elastic member 770a. The other face of
the double-sided tape 770b is applied to the optical low-
pass filter 410. Upon the other face of the double-sided
tape 770b being applied to the optical low-pass filter 410,
the edge face of the vibration suppression member 770
protrudes from the edge face of the optical low-pass filter

410 by a protrusion amount C, as shown in Fig. 14B. The

protrusion amount C and adhesion amount D are the same as
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wherein said vibration suppression nenber is provided to said opti cal
nmenber such that the long side of said optically effective region is
within the range of the long side of said vibration suppression

menber . 3. The foreign matter renoval unit according to Claim1l,
further conpri sing: a retaining nenber configured to retain
sai d optical nenber, wherein said retaining nenber holds said
optical nenber so as to not cone into contact with said vibration
suppressi on nenber. 4. The foreign matter renoval unit according

to daimJithuehberi MibSdAgent, so description will be omitted.
[00122] As illustrated in Fig. 14B, the width E region
where the protrusion 420a' comes into contact has the same
function as the sealing member 650 in the first embodiment.
[00123] A clearance Y (Y > 0) and a clearance Z (Z > 0)
such as shown in Fig. 14B are formed between the vibration
suppression member 770 and the optical low-pass filter
retaining member 420'. That is to say, the optical low-pass
filter retaining member 420' holds the optical low-pass
filter 410 such that the vibration suppression member 770
and optical low-pass filter retaining member 420' do not
come into contact in the vicinity of the side of the optical
low-pass filter 410 where the vibration suppression member
770 is applied. This is because in the event that the
vibration suppression member 770 comes into contact with a
material having a high Young's modulus such as resin or
metal or the like, i.e., a hard material, the reflected
waves generated at the edge of the optical low-pass filter
410 are not sufficiently attenuated and/or absorbed by the
elastic member 770a. Note that in the event that the edge
face of the vibration suppression member 770 protrudes from
the edge face of the optical low-pass filter 410 (protrusion
amount C > 0), the clearance Y may be 0.
[00124] Also, in the event that the optical low-pass filter

retaining member 420' is a material with a small Young's
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a sealing nenber configured to seal off said optically effective
regi on, being sandw ched between said optical nenber and said

retaini ng nmenber, wherein said vibration suppression nenber is
provided to said optical nenber so as to be further outwards than
sai d seal i ng nenber. 5. The foreign matter renoval unit
according to Caim1, wherein said vibration suppressi on nenber
has a rectangul ar shape in which an opening greater than said
optically effective region is formed, and wherein said

Vi brati onpSdpPLESSheN JBMhefthasiePEBXndes fbeai da@pkisd) iIMBNhera such

that said optically effective region is situated within said

openi ng. soft material, the clearance Y and clearance Z may each be 0.
That is to say, the optical low-pass filter retaining member
420' may be allowed to come into contact with the vibration
suppression member 770. This is because a material with a
small Young's modulus, i.e., a soft material, will not
impede the effects of the elastic member 770a attenuating
and/or absorbing reflected waves.
[00125] Now, the optical members according to the present
invention are not restricted to the optical low-pass filter
410. While a configuration has been described above where
vibrations are generated by excitation at a crystal
birefringent plate, the material of the birefringent plate
is not restricted to crystal, and lithium niobate may be
used instead. Also, an arrangement may be made where
vibrations are generated by excitation at an optical low-
pass filter configured by layering a birefringent plate and
phase plate and infrared absorbing filter, or a simple
infrared absorbing filter. Further, an arrangement may be
made where vibrations are generated by excitation at a
simple glass plate disposed in front of the birefringent
plate.
[00126] While description has been made with the above
embodiments regarding an example of applying the present

invention to a digital camera, the present invention may
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6. The foreign matter renoval unit according to aim5, further
conpri si ng: a retaining nenber configured to retain said

opti cal nenber, wherein said retaining nenber holds said optical
menber, such that said vibration suppression nmenber and said

retai ning menber do not conme into contact in the vicinity of the side
of said optical nmenber where said vibration suppression nenber is
provi ded. 7. The foreign matter renoval unit according to Claim
6, wherein said sealing nmenber seals off said optically

ef fectiveanegi ba, apyl 5ad ctovicprratbonaspipe essdsoBurRTber 1 beiing

sandwi ched between said optical nenber and said retaining nmenber.

8. The foreivghadmpteiesmmpval Tunthe astmtdithgtt soTCkHgmmatter such
wherein said vibration suppression nmenber is applied to said optical
menber sué@f EHAE PRe“RRIgE HacelhEregatd W%r%qeoﬁfsﬁﬁﬁ%%é%lwlﬁ’éﬁber

prOtrUdeso%rgnhggﬁeggg%iﬂﬁﬁgcgﬁ %%g e£p£iéh oﬂp%caﬁ appagatuses such

as liquid crystal projectors, a shadow of the foreign matter
will be projected, and accordingly a configuration similar
to that of the embodiments may be made.

[00127] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all

such modifications and equivalent structures and functions.
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wherein an adhesive face is also fornmed on a region of said vibration
suppressi on nenber protruding fromthe edge face of said optical
menber. 9. The foreign matter renoval unit according to Caiml,
wherein said piezoelectric device generates by excitation a first

fl exure vibration and a second flexure vibration at the sane tine,
and wherein said second flexure vibration differs in tinme phase
fromsaid first flexure vibration, and also the order of flexure
vibration differs by one fromsaid first flexure vibration. 10. The
foreign matter renoval unit accordi ngatasC ai m

1. A foreign matter removal unit comprising:

a rectangular optical member disposed on an optical
path, in which is set an optically effective region through
which a light flux passes;

a plezoelectric device provided to a side of said
optical member on the outer side of said optically effective
region; and

a vibration suppression member provided to a side of
said optical member where said piezoelectric device is not
provided,

wherein said vibration suppression member 1is provided
to said optical member such that an edge face of the side of
said optical member where said vibration suppression member
is provided does not protrude out from an edge face of said

vibration suppression member.

2. The foreign matter removal unit according to Claim 1,

wherein said vibration suppression member has a strip-
shape of which the length of the long side is longer than
the long side of said optically effective region, and

wherein said vibration suppression member is provided
to said optical member such that the long side of said

optically effective region is within the range of the long



1, wherein said piezoelectric device generates by excitation a
first flexure vibration in a direction orthogonal to the side of said
optical nenber to which said piezoelectric device is provided, such
that a first standing wave i s generated, wherein said

pi ezoel ectric device generates by excitation a second flexure
vibration in a direction orthogonal to the side of said optical

menber to which said piezoelectric device is provided, such that a

second standi ng wave is generated, and wherein the order of
sai d secomddkl exuseidibiatatdndisbibprss bioromentoream sai d first flexure
vibration. 11. An optical apparatus conprising: a rectangul ar

opti cal nenber disposed on an optical path, in which is set an

optically effective re%ion t hrough which_a Ilght fl ux passes; .
3. The foY¥eign matter removal unit according to Claim 1,

further comprising:

a retaining member configured to retain said optical
member,

wherein said retaining member holds said optical member
so as to not come into contact with said vibration

suppression member.

4. The foreign matter removal unit according to Claim 3,
further comprising:

a sealing member configured to seal off said optically
effective region, being sandwiched between said optical
member and said retaining member,

wherein said vibration suppression member is provided
to said optical member so as to be further outwards than

sald sealing member.

5. The foreign matter removal unit according to Claim 1,

wherein said vibration suppression member has a
rectangular shape in which an opening greater than said
optically effective region is formed, and

wherein said vibration suppression member is provided

to said optical member such that said optically effective
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a piezoelectric device provided to a side of said optical nenber on

the outer side of said optically effective region; and a
vi bration suppression nenber provided to a side of said optical
menber where said piezoelectric device is not provided, wherein

said vibration suppression nenber is provided to said optical nmenber
such that an edge face of the side of said optical nmenber where said
vi bration suppression nenber is provided does not protrude out from
an edge face of said vibration suppression nenber. 12. The opti cal
appar at us ragt¢ondisagsttmalleal mithin said aewwerigion sai d vi bration
suppressi on nenber has a strip-shape of which the length of the |ong
side is longer than the long side of said optically effective region,
and wherein said vibration suppressi on nenber isgfrovkged tg

sai d optical frenté SGERIERAITIE I VS dENoF JSFHF TP A [yt
S{L?;E:gﬁfgg pggség%#%%%%%gﬁhe range of the long side of said
a retaining member configured to retain said optical
member,
wherein said retaining member holds said optical member,
such that said vibration suppression member and said
retaining member do not come into contact in the vicinity of

the side of said optical member where said vibration

suppression member is provided.

7. The foreign matter removal unit according to Claim 6,

wherein said sealing member seals off said optically
effective region, by said vibration suppression member being
sandwiched between said optical member and said retaining

member.

8. The foreign matter removal unit according to Claim 1,

wherein said vibration suppression member is applied to
said optical member such that the edge face of said
vibration suppression member protrudes from the edge face of
sald optical member, and

wherein an adhesive face is also formed on a region of

said vibration suppression member protruding from the edge



13. The optical apparatus according to Claim 11, further conprising:
a retaining nenber configured to retain said optical nenber,
wherein said retaining nenber holds said optical nenber so as to not
conme into contact with said vibration suppression nmenber. 14.
The optical apparatus according to Caim 13, further conprising:
a sealing nenber configured to seal off said optically effective
regi on, being sandw ched between said optical nenber and said
r et ai ni ng menber, wherein said vibration suppression nenber is
provi ded tfecsabfl spid catimaibeemberas to be further outwards than
sai d seal i ng nenber.
9. The foreign matter removal unit according to Claim 1,
wherein said piezoelectric device generates by
excitation a first flexure vibration and a second flexure
vibration at the same time, and
wherein said second flexure vibration differs in time
phase from said first flexure vibration, and also the order

of flexure vibration differs by one from said first flexure

vibration.

10. The foreign matter removal unit according to Claim

wherein said piezoelectric device generates by
excitation a first flexure vibration in a direction
orthogonal to the side of said optical member to which said
piezoelectric device is provided, such that a first standing
wave 1s generated,

wherein said piezoelectric device generates by
excitation a second flexure vibration in a direction
orthogonal to the side of said optical member to which said
piezoelectric device is provided, such that a second
standing wave is generated, and

wherein the order of said second flexure vibration

differs by one from said first flexure vibration.



15. The optical apparatus according to Caim11, wherein said
vi bration suppression nenber has a rectangul ar shape in which an
opening greater than said optically effective region is forned, and
wherein said vibration suppression nenber is provided to said opti cal
menber such that said optically effective region is situated within

sai d openi ng. 16. The optical apparatus according to Caim
15, further conprising: a retaining nenber configured to retain
said optical nenber, wherein said retaining nmenber holds said

optical nenber, such that said vibration suppression nmenber and said

retaining menber do not conme into contact in the vicinity of the side
of said opticall neRBePPihErt FHAFARIr SOBRLSUPPY essi on menmber i s
provi ded.

a rectangular optical member disposed on an optical
path, in which is set an optically effective region through
which a light flux passes;

a piezoelectric device provided to a side of said
optical member on the outer side of said optically effective
region; and

a vibration suppression member provided to a side of
said optical member where said piezoelectric device is not
provided,

wherein said vibration suppression member is provided
to said optical member such that an edge face of the side of
said optical member where said vibration suppression member
is provided does not protrude out from an edge face of said

vibration suppression member.

12. The optical apparatus according to Claim 11,

wherein said vibration suppression member has a strip-
shape of which the length of the long side is longer than
the long side of said optically effective region, and

wherein said vibration suppression member is provided
to said optical member such that the long side of said
optically effective region is within the range of the long

side of said vibration suppression member.



17. The optical apparatus according to C aim 16, wherein said
seal i ng nenber seals off said optically effective region, by said
vi bration suppression nenber bei ng sandwi ched between said opti cal
menber and sai d retaining nmenber. 18. The optical apparatus
according to Caim 11, wherein said vibration suppression
menber is applied to said optical nenber such that the edge face of
sai d vibration suppression nenber protrudes fromthe edge face of
said optical nenber, and wherein an adhesive face is al so
formed on a region of said vibration suppression nmenber protruding

fromthe edge face of sal.oPtisal. IRIPSLeordfsy TP RLLORY, apparatus
further comprising:
a retaining member configured to retain said optical
member,
wherein said retaining member holds said optical member

so as to not come into contact with said vibration

suppression member.

14. The optical apparatus according to Claim 13,
further comprising:

a sealing member configured to seal off said optically
effective region, being sandwiched between said optical
member and said retaining member,

wherein said vibration suppression member is provided
to said optical member so as to be further outwards than

said sealing member.

15. The optical apparatus according to Claim 11,

wherein said vibration suppression member has a
rectangular shape in which an opening greater than said
optically effective region is formed, and

wherein said vibration suppression member is provided
to said optical member such that said optically effective

region is situated within said opening.



wherein said piezoelectric device generates by excitation a first
flexure vibration and a second flexure vibration at the sane tine,
and wherein said second flexure vibration differs in tine phase
fromsaid first flexure vibration, and also the order of flexure
vibration differs by one fromsaid first flexure vibration. 20. The
optical apparatus according to Caim11, wherein said

pi ezoel ectric device generates by excitation a first flexure
vibration in a direction orthogonal to the side of said optical
menber to which said piezoelectric device is provided, such that a
first standing I n sal plezgglectrlc

devi ce generateéavghgxe g?%@ﬁﬂgkggggﬁdangﬁg?%gv?%ra F8hh a

dlrectlonf%rkgggogg$ fo.the side of said optical nenber to which said
pi ezoel ectric evice 1s prOV|ded such that a second standing wave is

generated, anda retaid¥iRf @leRbthecok fefudlq 3l de88EANEafd dgHiRal
vibration differs by one fromsaid first flexure vibration.
member,
wherein said retaining member holds said optical member,
such that said vibration suppression member and said
retaining member do not come into contact in the vicinity of

the side of said optical member where said vibration

suppression member is provided.

17. The optical apparatus according to Claim 16,

wherein said sealing member seals off said optically
effective region, by said vibration suppression member being
sandwiched between said optical member and said retaining

member.

18. The optical apparatus according to Claim 11,

wherein said vibration suppression member is applied to
said optical member such that the edge face of said
vibration suppression member protrudes from the edge face of
salid optical member, and

wherein an adhesive face is also formed on a region of
said vibration suppression member protruding from the edge

face of said optical member.



19. The optical apparatus according to Claim 11,

wherein saild piezoelectric device generates by
excitation a first flexure vibration and a second flexure
vibration at the same time, and

wherein said second flexure vibration differs in time
phase from said first flexure vibration, and alsoc the order
of flexure vibration differs by one from said first flexure

vibration.

20. The optical apparatus according to Claim 11,

wherein said piezoelectric device generates by
excitation a first flexure vibration in a direction
orthogonal to the side of said optical member to which said
piezoelectric device is provided, such that a first standing
wave 1s generated,

wherein said piezoelectric device generates by
excitation a second flexure vibration in a direction
orthogonal to the side of said optical member to which said
piezoelectric device is provided, such that a second
standing wave is generated, and

wherein the order of said second flexure vibration

differs by one from said first flexure vibration.



