TI TLE OF THE | NVENTI ON FOREI GN SUBSTANCE REMOVAL UNI T AND OPTI CAL
APPARATUS | NCLUDI NG FOREI GN SUBSTANCE REMOVAL UNI T BACKGROUND OF THE
| NVENTI ON Field of the Invention [0001] The present invention rel ates
to a foreign substance renoval unit elimnating forei gn substance
such as dust, and an optical apparatus including such a unit.
Description of the Related Art [0002] 1 n an optical apparatus, such as
a digital canera, which performss oagirng byveonuarti ng an obj ect
image into an electrical signal, an inmage sensor receives an inagi ng
light flux and outputs a photoelectric conversion signal. The optical
apparatus then converts the output photoelectric conversion signal

i nto i mage HORBIGN AUSETANGE GayeyAaVNGI[t ARRIPIGApASSARAIUEIINGILURANG
infrared absorption filter is disposed on the object side of the

i mge sensor in the opti CEPREAPPArSAESSANCE RBY @ Agn BUBst ances such as
dust adhere to a surface of such a filter, portions where the foreign
subst ances are adhered may be included as black spots in a captured

i mge, so that the visual %ualit of the imge _may be reduced.
ACKGROUND OF THE INVENTION

Field of the Invention
[0001] The present invention relates to a foreign substance
removal unit eliminating foreign substance such as dust, and

an optical apparatus including such a unit.

Description of the Related Art

[0002] In an optical apparatus, such as a digital camera,
which performs imaging by converting an object image into an
electrical signal, an image sensor receives an imaging light
flux and outputs a photoelectric conversion signal. The
optical apparatus then converts the output photoelectric
conversion signal into image data. In such a case, an optical
low-pass filter or an infrared absorption filter is disposed
on the object side of the image sensor in the optical apparatus.
If foreign substances such as dust adhere to a surface of such
a filter, portions where the foreign substances are adhered may
be included as black spots in a captured image, so that the visual
quality of the image may be reduced.

[0003] In particular, in a digital single lens reflex camera

with interchangeable lens, mechanical operating units such as



[0003]In particular, in a digital single lens reflex canera with

i nt erchangeabl e | ens, mechani cal operating units such as a shutter
and a quick-return mrror are disposed in the vicinity of the inmage
sensor. Foreign substances, such as dust, may then be generated by
the operating units, and may adhere to the surface of the inmage
sensor or the filter. Further, when a user changes the |ens, foreign

substances gBYLEMUSA 2D JBIdk BRIV Al it IS L CRANBE 35 p L U OYGR raN, APENIRY
in the |l ens nmount and nmay then becone adhered to %he surface of inmage

sensor or the frid {85ge 8004} TO ravel gnHH tRReBOMBNRL dN8h8t | fad tHQWN
met hod for renoving the foreign substances adhered to the surface of

an optical bkl enedhsposed e therabjegtusite ohd hayl Fagersensathe by
vibrating the optical filter using piezoelectric elenents. [0005]1n
such a net hedrfeteis desiimabkedroortdie the eZdeleect rice leanertien baiser
cause the optical filter to vibrate at a resonance frequency so as to
produce a | ahgegebbtlae ilemsanpbieide st telngs st vaefdritsre theyna amively
the foreign substance. However, the resonance frequency of the
optical fil Cérthscareed nithe@uaecst PAYIES 1Nt Shekers AEUNtort N3kiddren

t hi ckness and physicality. The resonance frequency is thus different
for each fiFF&Pmﬁu%d?%“FgébeEec%ﬁ%?ﬁﬁa&gfF§F9%ﬁ¥”§ﬁ€hoéstb?d%b§§ﬂhg

facturi. . 0006 Pat ent
scouracy, andooTRIU! 961411 0 RLCESS L0000 Japancse Polent e o o
techni que | ’}e%kf‘iﬁgat@% 6z9el;eqt EhBT€A§éTeEs”Fad%%r$ér€89c%% ' Gr%g‘?e of a
VICInIty of one side o aretangu ar optlcal I'lfer  an |1 S ocat e

parall el to thecghde ofthesontdcal did b8Sec Wi bB&Ss tfe deteetiahor,

el ectrode is disposed on the front side of the piezoelectric el enment,

and a det ectdyoniground; ehecdgode i 81 0 SPRSAE 0P d her hack 18 dea@fnts .
[0005] In such a method, it is desirable for the
piezoelectric elements to cause the optical filter to vibrate
at a resonance frequency so as to produce a large vibration
amplitude and thus to efficiently remove the foreign substance.
However, the resonance frequency of the optical filter is
determined aécording to its external form, sheet thickness and
physicality. The resonance frequency is thus different for
each filter due to factors causing variation, such as processing
accuracy and a manufacturing process.
[0006] Japanese Patent Application Laid~Open No. 2009-17461
addresses this problem through a technique in which a
piezoelectric element is arranged in the vicinity of one side
of a rectangular optical filter and is located parallel to the
side of the optical filter. Further, a detection electrode is
disposed on the front side of the piezoelectric element, and

a detection ground electrode is disposed on the back side of



the piezoelectric elenent, separately froma driving el ectrode. The
resonance frequency is then searched for by nonitoring el ectrode

vol tages, while the optical filter is vibrated using the

pi ezoel ectric el ement running through possible resonance frequencies.
The dust adhered to the surface of the optical filter is thus
removed. [0007] When the optical filter is vibrated, the vibration is
reflected atnandgei1ettlhe ARhkaal skihi-gte1 9@ bhat athe dLl] &ctedie .
vibration and the main vibration interfere wth each other. Such
interferencenbetrueefatde MfiRNICINS sCAHSLSsAHMRINESE b hbiel SdrEegof
the vibration anplitude, or causes a vibration phase to be generated
in the opti edkctirbiierolwhigel, iwhidief £ee entt ikaont iite phasea ek ttheasimign
vibration directly induced by the piezoelectric elenent. In
parti cul ar, the phezoptecdalid ellerent scuredcingngbtaugls lreed bil st eachagifce
circular, the effect of the vibration interference further increases.
[ 0008] As a rfesghenci¢st h@hei Brati athadmdetri bhe ebwciaasded adhe ditsivesed
at portions which are affected by the vibration interference,
unevenness ifA1tRE &F ZNEhd §P¥$E-shifting are generated in the

el ectrode volta %gsthus beconmes difficult faor the vibratjon

det ection eﬂ@@??iZés Ncbrf ed® P adetéd et heS nEi T akishr atPeny th % e
i brati det ect i | ect.rod fal sely, detect the.mai ibrati th
pi ezoel oot 1€ SFGRBRL=YiBr dbe e Sopt 1 Ear® f194or 1GUE of SThe sl ndtf
f , the. i an. . d
resonance rr%%%.@%d@ﬂ%r%%%ﬁb%&g F%Q%aﬁn €1 ,00&] gn éﬁggéﬁtﬁ%%§@%%e#&

to the optical filter cannot Iciently renove

| NVENTI ON [ QQORF-Accidi N9 ko raneAsPest et NRPLEEERE 1 bV entiQR, a
forei gn substance renoval unit includes an optical nenber, disposed

in an opticahepahhes¥hi£htes sieet angHaarshapedn b it v, Chr ahuses
optical effective area for a light flux to pass through is set, and a
pi ezoel ect riacvebesenin phakadi h@peag@ezoalechrire: spabes]l fandea, detibhng
el ectrode and a sensor electrode forned on a surface of the
pi ezoel ectriic nedberenwherei ntiiche@hpisezoél elot rixirelveeatips diwmikcltyo a
surface of the optical nmenmber outside the optical effective area and
al ong one siidelugkdt he gt icdglzoreaberic anldengndr-ei o tdssrtsender, if the
electrode is formed on the surface of the piezoelectric nenber to be
posi ti oned WRHCALal ¥ diffe 16f et BpHilear seppedtinpdeareal i1 rauspge the
direction of the optical nenber to which the giezoelectric el ement is
st uck. effect of the vibration interference further increases.
[0008] As a result, if the vibration detection electrodes
are disposed at portions which are affected by the vibration
interference, unevenness in the size and phase-shifting are
generated in the electrode voltages. It thus becomesdifficult
for the vibration detection electrodes to correctly detect the
main vibration. TIf the vibration detection electrodes falselyg
detect the main vibration, the piezoelectric element vibrates
the optical filter out of the aimed resonance frequency and

phase, so that the foreign substance adhered to the optical

filter cannot be efficiently removed.



[ 0010] According to the present invention, when the piezoelectric

el ement causes the optical nenber to vibrate, the sensor el ectrode
can correctly detect the vibration anplitude and phase w t hout bei ng
affected by the vibration reflection at the edge of the optical
menber. The optical nenber can thus be nore accurately vibrated at
the desired vibration, and the efficiency of renoving foreign

subst ances such as dust adheggﬁhg§ypﬁﬁq§@{&§9§N@fo&he optical nenber
can be inproved. [0011]Further features and aspects of the present

invention wll become apparent fromthe follow ng detail ed
description of enbodinments with reference to the attached draw ngs.
BRI EF DESCRI[BOb&N OFadtEr DRAWNGS | 6832LTher agtomparkhngi Arand Ngs, a

whi ch are incorporated in and constitute a part of the specification,
illustrate énbbedinestisstdreat ureesyaandnaspecilsidefs theopaveat imgankandg,
together with the description, serve to explain the principles of the
i nvention. [0628%Figin Bn spaibhbaletdiaghamhils ustatatniongaa-fumetd emal
configuration of a digital camera 100 according to an enbodi nent of
t he presentipnvéﬁﬁhoﬁQ optical effective area for a light flux to pass
through is set, and a piezocelectric element including a
piezoelectric member, and a driving electrode and a sensor
electrode formed on a surface of the piezoelectric member,
wherein the piezoelectric element is stuck to a surface of the
optical member outside the optical effective area and along one
side of the optical member, and wherein the sensor electrode
is formed on the surface of the piezoelectric member to be
positioned within a range of an optical effective area in a side
direction of the optical member to which the piezoelectric
element is stuck.
[0010] According to the present invention, when the
piezoelectric element causes the optical member to vibrate, the
sensor electrode can correctly detect the vibration amplitude
and phase without being affected by the vibration reflection
at the edge of the optical member. The optical member can thus
be more accurately vibrated at the desired vibration, and the
efficiency of removing foreign substances such as dust adhered
to the surface of the optical member can be improved.
[0011] Further features and aspects of the present invention

will become apparent from the following detailed description

of embodiments with reference to the attached drawings.



[0014]Fig. 2 is an exploded perspective view illustrating a
configuration of an imaging unit 400. [0015]Fig. 3 is a graph
illustrating a relationship between the frequency and the anplitude
of two traveling waves excited in an optical |owpass filter 410
according to a first enbodinment. [0016]Figs. 4A and 4B illustrate
mth order and (m+ 1)th order vibration node waveforns, and the

vol tages applied to piezoelectric elenments 430a and 430b according to
the first enbodinment. [0017]Fig. 5 illustrates the behavior of the

optical |ow pass filter glGmigrckhertoaver g wavesnet two vibration
nodes are excited at the sanme tinme. [0018]Fig. 6 illustrates the

behavior of the optical |owpass filter 410 when the traveling waves
of two vibration nodes are excited at the sane tine.
[0012] The accompanying drawings, which are incorporated in

and constitute a part of the specification, illustrate
embodiments, features, and aspects of the invention and,
together with the description, serve to explain the principles
of the invention.

[0013] Fig. 1 is a block diagram illustrating a functicnal
configuration of a digital camera 100 according to an embodiment
of the present invention.

[0014] Fig. 2 is an exploded perspective view illustrating
a configuration of an imaging unit 400.

[0015] Fig. 3 is a graph illustrating a relationship between
the frequency and the amplitude of two traveling waves excited
in an optical low-pass filter 410 according to a first
embodiment.

[0016] Figs. 4A and 4B illustrate m-th order and (m + 1)th
order vibration mode waveforms, and the voltages applied to
piezoelectric elements 430a and 430b according to the first
embodiment.

[0017] Fig. 5 illustrates the behavior of the optical
low-pass filter 410 when the traveling waves of two vibration
modes are excited at the same time.

[0018] Fig. 6 illustrates the behavior of the optical
low-pass filter 410 when the traveling waves of two vibration

modes are excited at the same time.



[0019]Fig. 7 illustrates a configuration of the piezoelectric el enment
430a. [0020]Fig. 8 illustrates a state in which B sides of the

pi ezoel ectric el enents 430a and 430b are stuck to an i mage sensor
side surface of the optical |low pass filter 410, as viewed fromthe

| mage sensor side. [0021]Fig. 9 illustrates a detected waveform
detected by a vibration detection circuit 112 when the optical

| ow-pass filfoehodl0 iksqVi braf figkals dJLQUEREY: furd 00421 98 10A, 108,
100, 10E, and 10E illuStrate nodification exanples of a position of a

sensor el ecriedee SEcaeLOrdida@ o sbe.first enbodi ment. [0023] Fi gs.

11A, 113, and 110 illustrate nodification
[0020] Fig. 8 illustrates a state in which B sides of the
piezoelectric elements 430a and 430b are stuck to an image
sensor side surface of the optical low-pass filter 410, as
viewed from the image sensor side.
[0021] Fig. 9 illustrates a detected waveform detected by
a vibration detection circuit 112 when the optical low-pass
filter 410 is vibrated at frequency f.
[0022] Figs. 10A, 10B, 10C, 10D, and 10E illustrate
modification examples of a position of a sensor electrode SF
according to the first embodiment.
[0023] Figs. 11A, 11B, and 11C illustrate modification
examples of the piezoelectric elements according to the first
embodiment.
[0024] Fig. 12 is agraphillustrating a relationship between
the frequency and the amplitude of two stationary waves excited
in the optical low-pass filter 410 according to a second
embodiment.
[0025] Figs. 13A and 13B illustrate m-th order and (m + 1)th
order vibration mode waveforms, and the voltages applied to the
piezoelectric elements 430a and 430b according to the second
embodiment.
[0026] Fig. 14 illustrates a state in which the B sides of
the piezoelectric elements 430a and 430b are stuck to the image
sensor side surface of the optical low-pass filter 410, as

viewed from the image sensor side, according to the second



exanpl es of the piezoelectric elenments according to the first

enbodi nent. [0024]Fig. 12 is a graph illustrating a relationship

bet ween the frequency and the anplitude of two stationary waves
excited in the optical |owpass filter 410 according to a second
enbodi ment. [0025]Figs. 13A and 133 illustrate mth order and (m +
1)th order vibration node waveforns, and the voltages applied to the
pi ezoel ectr Lgrehenent s 430a and 430b according to the second

enbodi ment. [0026]Fig. 14 illustrates a state in which the B sides of

the piezoel gobpire el engnts5 4302 saRdt430D AR SIHCK 1 tthe BMBges of
sensor side surface of the optical |lowpass filter 410, as viewed

fromthe i mage seNsecsicdec dctRhdisNg3dDahhe Recond senbadident .inage
[0027]Fig. 15 illustrates a state in which the B sides of the

pi ezoel ect r senebeneids ABTmcand480b apeistludbow-pathefihage Hdnsas
side surface of the optical |lowpass filter 410, as viewed fromthe
i mage sensoviside, fa@eort ngege achhdr dsiedhodiovemtiing to a third

embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0028] Various embodiments, features, and aspects of the
invention will be described in detail below with reference to
the drawings. Each of the embodiments of the present invention
described below can be implemented solely or as a combination
of a plurality of the embodiments or features thereof where
necessary or where the combination of elements or features from
individual embodiments in a single embodiment is beneficial.
[0029] A case where the present invention is applied to a
digital camera, i.e., an example of the optical apparatus
including a foreign substance removal unit, will be described
below.

[0030] Fig. 1 is a block diagram illustrating a functional
configuration of the digital camera 100 according to a first
embodiment of the present invention.

[0031] Referring to Fig. 1, a microcomputer (MPU) 101, e.g.,
a central processing unit, controls each block included in the

digital camera 100. The MPU 101 is connected toamirror driving



DESCRI PTI ON OF THE EMBODI MENTS [ 0028] Vari ous enbodi nents, features,
and aspects of the invention will be described in detail below wth
reference to the drawi ngs. Each of the enbodi nents of the present

i nvention descri bed bel ow can be inplenented solely or as a
conbination of a plurality of the enbodi ments or features thereof
where necessary or where the conbination of elenents or features from

i ndi vi dual embedi Fends, i B 3isndh-¢venhod] et il%st)eg,e%&{ r 4410023
A case where the present invention is applied to a digital camera,

i.e., an exampteiofiddheanapinsa! sappan abrscdGhydiNge-@if 08l 98 switch
substance renoval unit, wll be described below [0030]Fig. 1is a
bl ock di agr asnkblusiratitng o&,f unctyppahe cONfriguiation of7f he digital
canmera 100 according to a first enbodi nent of the present invention.
[ 0031] Ref er piiagotbedigic klememtchotomput err{NRUL1101ane. §. vilaraaenhr al
processing unit, controls each block included in the digital canera
100. The MPUetegtisn coruvasitted o aSunlr rgrcdritgi ngeraie cuidort@g ao
focus driving circuit 103, a shutter driving circuit 104, an image
si gnal proc€&SBthgl cPeetnamerDby &hswbehl@ensor circuit 106, a |ight
metering circuit 107, a piezoelectric element driving circuit 111,
and a vibraﬂPBszetegP?dﬁﬁ%ﬂP&dFFm%¥§F3§ﬁéhW%V?éu}?%s6§@F5PéCHICUlt
accordi ng tgogontrol<§§Lforned b .th%_NPU 101

provid in an Imading lens unit 200 via a mount contact
21. When the imaging lens unit 200 is connected to the digital
camera 100, the MPU 101 receives a signal via the mount contact
21 and determines that the MPU 101 has become communicatable
with the lens control circuit 202 provided in the imaging lens
unit 200.
[0033] Upon receiving a control signal form the MPU 101, the
lens control circuit 202 drives via an auto-focus (AF) driving
circuit 203 and a diaphragmdriving circuit 204, a photographing
lens 201 and a diaphragm 205 in the imaging lens unit 200. Fig.
1 illustrates only a single lens element of the photographing
lens 201 for ease of description. However, the photographing
lens 201 actually includes a plurality of lens groups such as
a focus lens.
[0034] The AF driving circuit 203, which includes, for
example, a stepping motor, changes a focus lens position in the
photographing lens 201 according to control of the lens control
circuit 202 to focus the imaging light flux on an image sensor
33. The diaphragmdriving circuit 204 is a diaphragm mechanism

such as an automatic iris, and changes a diaphragm amount of



[ 0032] The MPU 101 conmuni cates with a lens control circuit 202
provided in an imaging lens unit 200 via a nount contact 21. Wen the
imaging lens unit 200 is connected to the digital canera 100, the MPU
101 receives a signal via the nmount contact 21 and determ nes that
the MPU 101 has becone conmmuni catable with the lens control circuit
202 provided in the imaging I ens unit 200. [0033] Upon receiving a

control sigpak hosgmidig MY LQLo bhgy | €0 HANMJI0L CLAL Ul dnL Q2 RiloYes

via an auto-focus (AF) driving circuit 203 and a di aphragm dri ving
circuit 204ciacphetographing I ens 201 and a di aphragm 205 in the
imaging lens unit 200. Fig. 1 illustrates only a single |ens el ement
of the phot ggoaphi ngalmenisn 20k rbere erse et desewipt bO s "Hanel efesplelhe
phot ographing | ens 201 actually includes a plurality of |ens groups
such as a f oousn|emsyid0084]dhe AH driilvusgreteduirt FAQ3, Iwhgcides the

i ncl udes, for exanple, a stepping notor, changes a focus |ens

posi ti on i nimheipdoticdritaphitngdsenao2oir aedortdengheoauomtiol bing RE1

l ens control circuit 202 to focus the inmaging light flux on an inmage
sensor 33. TRe2 RPHUPWMITRIIPEYPRGZEI r &di £h20321% td-16i  aphe At hEEH&Rrs m
such as an automatic iris, and changes a di aphragm appunt of  the
diaphragn1ZéénﬁffﬁF&Fﬁﬁ“%%P%ﬂﬁﬁF%F‘%%*?HérPéﬁ§)%Bﬂf?b?nefFéﬁﬂﬁﬁﬂéﬁg
[0035]A main.mrr 6 held at__an angl e.of 45 w.th respect to an
mgno opt REaPE ol ws 1 T8, T 3 ERRR g e liigs PR BB ao et gt

flux passing, L0t Quoh ifie NOLOA ARG RS, 201 4 2. Peniagapal oy Lsm

22. At the sa e main mrror ansm ts and gul t
sub-mrror 3Q-aspPQition &f dheokmagings{ight flux. The sub-mirror 30

then gui des the portion of the imaging light flux transmtted through

the main mnoose$ torTAeOGUS dBtBAHION SONSOL0PNNt13des, for example,
adirect current (DC) motor and a gear train. Themirror driving
circuit 102 drives the main mirror 6 to a position at which the
user can observe an object image through a finder, or to a
position at which the main mirror 6 retracts from the imaging
light flux. If the main mirror 6 is driven, the sub-mirror 30
is moved at the same time to a position at which the sub-mirror
30 guides the imaging light flux to the focus detection sensor
unit 31 or to a position at which the sub-mirror 30 retracts
from the imaging light flux.
[0037] The focus detection sensor unit 31 includes a field
lens disposed in the vicinity of an imaging plane (not
illustrated), a reflecting mirror, a secondary imaging lens,
the diaphragm, and a line sensor including a plurality of
charge-coupling devices (CCD). The focus detection sensor

unit 31 performs a phase difference focus detectionmethod. The

signal output from the focus detection sensor unit 31 is



[ 0036] The mirror driving circuit 102 includes, for exanple, a direct
current (DC) notor and a gear train. The mrror driving circuit 102
drives the main mrror 6 to a position at which the user can observe
an object image through a finder, or to a position at which the main
mrror 6 retracts fromthe imaging light flux. If the main mrror 6
is driven, the sub-mrror 30 is noved at the sane tine to a position
at which the.ups Bl {oloR0-guhdes LRl BROLAG: LioBNt DL - dy LREoTGEUS
detection sensor unit 31 or to a position at which the sub-mrror 30
retracts frompijehe inBgEngidiaht dauxrah0R371dhe 4 agis vdet egti on
sensor unit 31 includes a tfield I ens disposed in the vicinity of an

i magi ng pl ar@oB8gt i Ithestpat ed) , pér fefleablng AEEEOF i ord REAREBRY

i mgi ng lens, the diaphragm and a Iine sensor including a plurality
of char ge- ceuplorngndevd cespi{3eD)di fTeechoe use teteictd ol t8easas infithe3l
perforns a phase difference focus detection nmethod. The signal output
fromthe fockyedétiostdeost genisor Manetsp8tifscaslpplthediftiol @heafocstes
driving circuit 103, converted into the object imge signal, and
transm tted & 8¢ fp@MVPUCLD L. a(0B IBIPise s MR ek open § Drs he ol ct image
detection operation according to a phase difference detection nethod
usi ng the obj'@CfLi nalge %P&négl Niste dspEes fyicalthy, lepe qepredicircuit

cal cul ates ef ocus, a nt and a defocus_djirection using the aobject
i mge signa%d%Tﬁgghéﬁﬁqgg %ﬁ@ﬁ”ﬁ%FVéguﬁFazg#éur%ﬂgx%ﬁnﬁFgF SRt t
202 and the AF.drivi I ¥ cui 03 the focus lens in the .
photograpkﬂrﬁ?ﬂtg %géggnﬁcg%ﬁ$ ?ﬁifggLﬁp[ﬁ%ﬁ%?FBﬁ,p%%%%ﬁ?ﬂ’nﬁcf8r?h%g to

calcul ated delocus ampudh And el aadndl LgioM[IA39LIheopent agonal

prism 22 reflects and converts the imaging lig ux reflrected by

the main mrioese i NG.caBeRELGELL NM-JneVer SErh BBYS. arf RRRLRYEAPPEL
can thus observe the object image froma finder eyepi ece w ndow 18

via a finderineptingaliggyst B rEOIédbesd bl hecpeitragonadr Prins M 22 Sk es
a portion of the imaging light flux to a light netering sensor 37.
The |ight netceriregeche ciuictgel07A péoebyesphaet icght tiet ebsagvy alhgeoidqaut
fromthe light netering sensor 37, and converts the received out put
into a | unm nawge Srghat Eordespurdilrget virdoh B ed ofa tthedebsertiatdlon
pl ane. The light metering circuit 37 then outputs the converted

| uni nance siSYF&ETt 0 THENWRY 106, PR Ioe IMPLLI0@ Zc ghédeataepoahion of

exposure val ue based on the | um nance signal.
the imaging light flux to a lightmetering sensor 37. The light

metering circuit 107 receives a light metering value output from
the light metering sensor 37, and converts the received output
into a luminance signal corresponding to each area of the

observation plane. The light metering circuit 37 then outputs
the converted luminance signal to the MPU 100, and the MPU 100
calculatés an exposure value based on the luminance signal.
[0040] A shutter unit 32 is a mechanical focal plane shutter.
When the photographer observes the object image via the finder
eyepiece window 18, a first shutter curtain is in a light-

shielding position, and a second shutter curtain is in an

exposure position.

- 10 -



[ 0040] A shutter unit 32 is a nechanical focal plane shutter. Wen the
phot ogr apher observes the object imge via the finder eyepi ece w ndow
18, a first shutter curtainis in a light-shielding position, and a
second shutter curtain is in an exposure position. [0041] Further,
when the photographer is capturing an inmage, the first shutter
curtain travels fromthe light-shielding position to the exposure

posi tion, i{§041perfpﬁg§h PQﬁHﬁQﬁéﬁﬁggyd%%%?EE%jEUEQﬁP@&L&QQEjBE%é,

t hen passes through the shutter unit e |1 nage sensor 33

perforns phehgekeeds ifalt eeNvarshon ofatdies fracusedeob) gct-dnmaeagd
thus perfornms imaging. [0042] After a set shutter speed tinme has

el apsed, thposecond shuiHeekexpdbhak npbsayeds firem, t per eXpRS Wsosure
position to the light-shielding position, i.e., perforns

| i ght - shi el dcagnse@nnirthg, isegihatligregifngx sheanpdeied aMrtcghespect
to one image data. The shutter unit 32 is controlled by the shutter
driving cirebittddunitat3zhasndeteevedage cormtscal 36opwmAdrdis om t he MPU
101. [0043] The i mage signal processing circuit 105 perforns

anal og- di gi PAPtPAl Byt LWoRlef G W Arho ¥ édpefctcuse dapb vl depdsrage thus
signal output fromthe imge sensor 33. The image signal processing
circuit 105PEREATRRrFHITEdvari ous types of image processing on the

acquired diq'b % i ma e data%3$Uﬁh as gois ned%gtio and gagn

adjust ment . 1PBAAk] Tha® 5ok EIF S BREBFCE FPEGRLIF6 1 ANEHP TS LOCIIREEU
shutter curtain travels from the exposure position to the light-
shielding position, i.e., performs light-shielding scanning,
so that imaging is completed with respect to one image data.
The shutter unit 32 is controlled by the shutter driving circuit
104 that has received a control command from the MPU 101.
[0043] The image signal processing circuit 105 performs
analog-digital (A/D) conversion with respect to an analog image
signal output from the image sensor 33. The image signal
processing circuit 105 then performs various types of image
processing on the acquired digital image data, such as noise
reduction and gain adjustment.
[0044] The switch sensor circuit 106 transmits to the MPU
101 an input signal which is input by the photographer operating
on a user interface, such as a main switch (SW) 43 and a cleaning
SW 44, included in the digital camera 100.
[0045] The cleaning SW 44 is the user interface used for
instructing removal of the foreign substance, e.g., dust,
adhered to the surface of the optical low-pass filter 410. The

photographer operates the cleaning SW 44 and can manually
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101 an input signal which is input by the photographer operating on a
user interface, such as amain switch (SW 43 and a cl eani ng SW 44,
included in the digital canmera 100. [0045] The cleaning SW44 is the
user interface used for instructing renoval of the foreign substance,
e.g., dust, adhered to the surface of the optical |ow pass filter

410. The phot ographer operates the cleaning SW44 and can manual |y

performr errgg@koﬂfni %&Jﬁg&@%@%é&éﬁ £ o dife L 'okleEhe [ 0048, The

i magi ng unit 400, orei gn substance renoval unit, is a

bl ock in “hk©B4S?WD0@ﬁQt§m£€FH&QLHQ:Mb@,OPEéQ?Luk9WhR%§%nfEL%§£&§%Q1
the piezoelectric elenent 430, and the i mage sensor 33 are integrated

as one unit rehb@ai NBGE: SENSQr b33ckSiAMh BRI NGBRKNhEE SHENIBSIA the
conpl ement ary net al - oxi de sem conductor (CMOS) sensor or the CCD
sensor. Theobragel senseks3FiQukpu i, ashdeserbbedcaboyvel éhenanabpgnd

i mage signal by perform ng photoelectrical conversion on an optical

i mage of theéhebjrecte. s¢r0X473 Theepingzgebeetitiscored ement 486 imsgefsemsor
exanpl e, a single-plate piezoelectric device which can be vibrated by
t he pi ezoel 88t icael ¥peminddeviing eirtuirt d ldomriamehasry deeiadextide
control signal fromthe MPU 101. The vibration of the piezoelectric
el ement 430 SEBLlFRBAUEFANSAIPT LR80T ke Bft FCAP ST oW pad§efiregers AEPL

[ 0048] The ig%gin unit 400, i.e., the foreign substance

oufputs as deéscribed above the “analog image signal by
performing photoelectrical conversion on an optical image of
the object.
[0047] The piezoelectric element 430 is, for example, a
single-plate piezoelectric device which can be vibrated by the
piezoelectric element driving circuit 111 that has received the
control signal from the MPU 101. The vibration of the
piezoelectric element 430 is then transmitted to the optical
low-pass filter 410.
[0048] The imaging unit 400, i.e., the foreign substance
removal unit, which removes the foreign substance on the filter
by vibrating the optical low-pass filter 410 will be described
in detail below with reference to Fig. 2. Fig. 2 is an exploded
perspective view illustrating the configuration of the imaging
unit 400.
[0049] Referring to Fig. 2, the optical low-pass filter 410
disposed in front of the image sensor 33 is a single
rectangular-shaped birefringent plate formed of quartz. The
optical low-pass filter 410 disposed in the optical path is a

rectangular-shaped optical member, and the optical effective
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removal unit, which renoves the foreign substance on the filter by
vibrating the optical lowpass filter 410 wll be described in detai
below with reference to Fig. 2. Fig. 2 is an expl oded perspective
view illustrating the configuration of the imging unit 400.

[ 0049] Referring to Fig. 2, the optical |owpass filter 410 di sposed
in front of the image sensor 33 is a single rectangul ar-shaped

birefringent plae farmd ot quartz, Jhe omiiegl |owpass Jilier 410

di sposed in the optica h is a rectangular-shaped optical nmenber,

and the Optw@%%gffeﬁﬁé \e%ti%@allei@rpgégefhhlggi J;ﬂd%nwup%%?se%weggli s

set therein. | 0] The optical lowpass filter 410 inc

peripheral edge Roil@RS cQUEShdecddheeptheal r £idiecld ¥eeal ed WHlcwhich
a pair of the piezoelectric elenments 430a and 430b is disposed. The

optical |owpassof ithtesidldkliestsyanelénaads 4Boa ghd aGbbols disposed.
per pendi cul ar with respect to the center of the inmaging optical axis
(i.e., a horhzonttalcadi t eetpass dfilthe €Eerka}ymdemtopidlcah € adtrerg;ion
such as for realizing infrared cutting and antireflection, is applied
to the surfpeerefidihdagptitakespacpasstiic keated ¥ ti®©0B&pThe optical
pi ezoel ectric el ements 430a and 430b which are rectangul ar .

stri p- shape@*iarle -€ach? &silaghéapldtrecpiieroef éber¢anatenberforPiceh a
plurality of electrodes is integrally formed. The piezoelectric

el enents 436325MP 4F0KRars dPEpbsat At ¥hd G T6FpBsF MRS HEY si des of

the optical lovepass. fidter 410, [0952]\ore Spect fically, the )
low-pass filter 410.
[0051] The piezoelectric elements 430a and 430b which are
rectangular strip-shaped, are each a single-plate
piezoelectric member on which a plurality of electrodes is
integrally formed. The piezoelectric elements 430a and 430b
are disposed along two opposing short sides of the optical
low-pass filter 410.
[0052] More specifically, the piezoelectric elements 430a
and 430b are stuck to the peripheral edge portions of the optical
low-pass filter 410, so that a long side of the piezoelectric
element 430a, i.e., a first piezoelectric element, is parallel
to one of the short sides (i.e., one side) of the optical low-pass
filter 410. Further, the piezoelectric elements 430a and 430b
are stuck to the peripheral edge portions of the optical
low-pass filter 410, so that the long side of the piezoelectric
element 430b, i.e., a second piezoelectric element, is parallel
to the other short side (i.e., the other side) of the optical

low-pass filter 410.
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and 430b are stuck to the peripheral edge portions of the optical

| ow-pass filter 410, so that a long side of the piezoelectric el ement
430a, i.e., a first piezoelectric elenent, is parallel to one of the
short sides (i.e., one side) of the optical |ow pass filter 410.
Further, the piezoelectric elements 430a and 430b are stuck to the
peri pher al edge portions of the optical |OMFpaSS filter 410, so t hat

the | th | ectri I

Saoe e B B BTt R
th d th 05 t
Fomfga:; ?? 4%69|s VI éﬁCl gn{ﬁa%%{ or%ﬁ'nég %kfﬁﬁé Fﬁkg %e

anti - nodes @98 ”91‘?%? rlabi 't%h] §§RQ§a§ ge sqh%@]@;%éslg iganeLat ed

A voltage is periodically appli to t e piezoelectiric enments 430a

and 430b, sgpbhatqthe t@ﬂee§9§E§§ié&@rf‘é eeri%ﬁbn@%wfa%rmwpspwlt@at
and contractlon A periodical flexion deformty is also generated in

the optical thewpassefddiarc 418mahengs o pdyr 416y @xpansien and
contraction. The vibration will be described in detail bel ow

[ 0054] An optbaakatoiwpass dadieri dadl fierg aretddesrdi2(; § oramed gdngaasti
or netal holds the optical |owpass filter 410. The optical | ow pass
filter hol dingthenyeric420 lpg-paxed ildcan dilfngkosensdh kobdi ewgparsmoer
510 with screws. [0055] A biasing nmenber 440 bi ases the opti cal

| ow- pass fi Bnercanoraetiprdi r 8eei vhPRFtitdie vildagbesénsoriasl iThdetail
bi asi ng nmenber 440 is latched to the optical |ow pass filter hol ding
nmenber 420. PPhEYbi asi ng nenber 440 is electrically connected to a

91 ouTd POt oy POT MO {1818 BE2u0) O L1 L0 Ll 02081, 400
of plastic or metal holds the optical low-pass filter 410. The
optical low-pass filter holding member 420 is fixed to an image
sensor holding member 510 with screws.

[0055] A biasing member 440 biases the optical low-pass
filter 410 in a direction of the image sensor 33. The biasing
member 440 is latched to the optical low-pass filter holding
member 420. The biasing member 440 is electrically connected
to a ground potential portion (i.e., a ground) of the digital
camera 100.

[0056] The surface of the optical low-pass filter 410 is also
electrically connected to the ground potential portion (i.e.,
the ground) of the digital camera 100. Electrostatic adhesion
of foreign substances, e.qg., dust, to the surface of the optical
low-pass filter 410 can thus be reduced.

[0057] A frame-~shaped elasticmember 450 whose cross-section
is proximately circular is sandwiched between the optical

low-pass filter 410 and the optical low-pass filter holding
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el ectrically connected to the ground potential portion (i.e., the
ground) of the digital canera 100. El ectrostatic adhesion of foreign
subst ances, e.g., dust, to the surface of the optical |owpass filter
410 can thus be reduced. [0057] A frame-shaped el astic nenber 450
whose cross-section is proximately circular is sandw ched between the
optical low pass filter 410 and the optical |ow pass filter holding

mber 420. W bi asi er_440 bi ' |
filter 410, TERECE| 921 ¢ REROBP- 45014 o FORBr): bF ROBET BorigeR Ehe:
i | o . ! . .
optical |owypasg. [l ftl%rte? %Oﬁg?h%;},el %FEE'&%}@%‘@E’@%% Ei!;%egliy—}%%:sgg

menber 420.l$ﬁe anount o ich astic ne

cl osel y-pr eﬁé%ﬁ%ﬁ é}lg%tq%ta@lrgvn%%sgyfiait@@ﬂ@gn@c&\ﬁ@roﬁficl he hi-gsisag

menber 440 int irection of the imge sensor 33. The elastic

nenber 450 payrbe AOrdme; akmbebbeso or THeebiane: foamese s ASPIIORhe
[ 0058] An optical menber 460 is formed by bondi ng together a phase

plate (i.e.ecl1asdepalaideratbon Plaberlyaprésddanedegud deitet@ineansd, a
birefringent plate whose refracting direction differs fromthat of

t he opti cal bliewspassweirl ¢ Lrhélth i r@Pnetber Al talthredierct460 o8 the
bonded and fixed to the optical |ow pass filter hol ding nenber 420.
[ 0059] The i rageesemsor hibl diThg sremsterc Bl drassGnagdtcahguhet ob parpbeg.
The i mage sensor 33 is securely fixed to the image sensor hol di ng
menber 510 $6 vhatharre f9ayEvsénsdsrpP83ots exposed fromthe

rect angul ar o%ening. The i mage sensor hol ding nmenher 510 is fixed to
the mai n bod$0881t he i g tife c arBPET 1607 Wit ACERF@wyY, Ponding together

a phase plate (i.e., a depolarization plate), an infrared cut
filter, and a birefringent plate whose refracting direction
differs from that of the optical low-pass filter 410 by 90°.
The optical member 460 is bonded and fixed to the optical
low-pass filter holding member 420.

[0059] The image sensor holding member 510 has a rectangular
opening. The image sensor 33 is securely fixed to the image
sensor holding member 510 so that the image sensor 33 is exposed
from the rectangular opening. The image sensor holding member
510 is fixed to the main body of the digital camera 100 with
screws.

[0060] A mask 520 is held in a state sandwiched between the
optical low-pass filter holding member 420 and the image sensor
33, to prevent excessive light from entering the image sensor
33 from outside the imaging optical path.

[0061] Image sensor biasing members 530 are
plate-spring-formed biasing members with a pair of left and

right portions. The image sensor biasing members 530 are fixed
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[ 0060] A mask 520 is held in a state sandw ched between the optical

| ow- pass filter holding nenber 420 and the i nmage sensor 33, to
prevent excessive light fromentering the i nage sensor 33 from
outside the imaging optical path. [0061] I nage sensor biasing nenbers
530 are plate-spring-fornmed biasing nenbers with a pair of left and
right portions. The inmage sensor biasing nenbers 530 are fixed to

he i ! j 5 1 .and he |
Sensor 33 a4 aap THY RafeC LR ortine byt S Eaoto] AT
resul t of the.ahover desctibed £anfic eﬁ%‘né’ sengo%to'leghg' %\é@eg%ﬁo.

filter 410 is supported to be vibrata y being sandw ' c et ween

the biasing [geebgr 449 andsthe ¢l asd hsovendel-A3q O063]uth@ion, the

vi bration generated in the optical |ow pass filter 410 according to
the present gibedines-prdd rhecdescro bedshedowan b sehabenegs1ép by
Figs. 3, 4A, 4B, 5, and 6. According to the present enbodi nent, the
travel i ng wéed nghs aafuutircaeel Iseiveea tion@iaktdegdic®eti D40 fhdehe elastic
hori zontal direction) of the optical |owpass filter 410 is generated
in the opti c@beowdpiss filter 410. In other words, two bending

vi brati ons whose orders differ by one are excited in the opti cal

| ow- pass filll08632410 BpesHibrahirm ddnaraphasen She tdritiasHe loravess ng

wave is generated in the qfiical | ow pass filter 410.
filter 410 according to the present embodiment will be described

below with references to Figs. 3, 4A, 4B, 5, and 6. According
to the present embodiment, the traveling wave which travels in
a long side direction (i.e., horizontal direction) of the
optical low-pass filter 410 is generated in the optical low-pass
filter 410. 1In other words, two bending vibrations whose ocxrders
differ by one are excited in the optical low-pass filter 410
by shifting a time phase, so that the traveling wave is generated
in the optical low-pass filter 410.

[0064] Fig. 3 is a graph illustrating the relationship
between the frequency and the amplitude of two vibration modes
excited in the optical low-pass filter 410 according to the
present embodiment.

[0065] Referring to Fig. 3, the bending vibration in an
mth-order vibration mode is excited at a frequency indicated
as f(m), and the bending vibration in an {(m + 1)th-order
vibration mode is excited at a frequency indicatedas f(m+ 1).
If the frequency f of the voltage to be applied to the
piezocelectric elements 430a and 430b is then set so that f(m)

< £ < f(m + 1), both the resonance generated in the bending
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[0064]Fig. 3 is a graph illustrating the relationship between the
frequency and the anplitude of two vibration nodes excited in the

| ow- pass filter 410 according to the present enbodi nent.

[ 0065] Referring to Fig. 3, the bending vibration in an nth-order
vibration node is excited at a frequency indicated as f(m, and the
bending vibration in an (m+ 1)th-order vibration node is excited at

opti cal

a frequency
to be applle

so that f(

bendi ng

Vi

! at ed. as .f( he freque gy f 40, & he vol e
SiPEREEHE o ST BeMBEPFE B Bha 'S 300 R 308 | T Ra B

eneiateﬁ(fﬂ tﬁ@’be%gaggtb§b géﬂﬂﬁqut%@n?&aleﬂ ﬂHLJJH%r

ration in the nth-order vibration node and the resonance

generated ipg; gpgtpggqmﬂga%bgrgglggean the (m+ 1)th-order vibration
node can be used [0066] 1f the frequency f is set so that f < f(nm,

the resonanggoggner atedchd thephend #givi BeatsOncHat tthe wighy orees

vi brati on node can be used. However, since it becones far froma
resonance p@b@bnhﬂcéhﬁx@&ﬁdbﬁglwnﬂkﬁbé@@uuﬁvﬁb&atﬂbﬁ:&jtheamdemrder
vi bration node, the resonance generated in the bending vibration in
the (m + 1) wvhborteon wobleatarobenndhel .cahnedvdre, asede H006FJmkar fhertxomf
the frequency f is set so that f(m+ 1)

a resonance point in the bending vibration in the (m+ 1)th-order
vibration mode, the resonance generated in the bending
vibration in the (m + 1)th-order vibration mode cannot be used.
[0067] Further, if the frequency f is set so that £(m + 1)
< £, only the resonance generated in the (m + 1)th vibration
mode can be used. Since the resonance generated in both

vibration modes are used according to the present embodiment,

- the frequency f is set within the range in which f(m) < f < £(m

+ 1).

[0068] Figs. 4A and 4B illustrate waveforms generated in the
mth-order and (m + 1)th-order vibration modes when m is an odd
number and the voltages to be applied to the piezoelectric
elements 430a and 430b.

[0069] Referring to Figs. 4A and 4B, a case wherem = 9 is
illustrated as an example of m as an odd number. Fig. 4A
illustrates the optical low-pass filter 410 as viewed from the
main mirror 6 side. The piezoelectric elements 430a and 430b
are stuck to the surface of the optical low-pass filter 410
facing the image sensor 33.

[0070] Referring to Fig. 4A, a plurality of nodes in the long

side direction of the piezoelectric element 430 appear at equal
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< f, only the resonance generated in the (m+ 1)th vibration node can
be used. Since the resonance generated in both vibration nodes are
used according to the present enbodinent, the frequency f is set
within the range in which f(m <f <f(m+ 1). [0068]Figs. 4A and 4B
illustrate waveforns generated in the nth-order and (m+ 1)th-order

vi brati on nodes when mis an odd nunber and the voltages to be

appl i ed to tgﬁag g7gel eciol 6 ol event s 4300, and 4308, [00gS] Refierring

to Figs. a case where m= ated as

of m as an ? ?'1 E94 A LA USEEAL £5 Jﬂ)ef Q%hcc?% chOW-PAFS tion

filter 410 as v romt e main mrror-6 Si The piezoelectric
el enent s 439 and 430b are stuck to the surface of t he opti cal
| ow- pass filter 410 facing the i mage sensor 33. [0070] Referring to

Fig. 4A a pouraji tyy@g nodes 18t the-d ong shete Wideeahd GOt 1hb@hase
pi ezoel ectric el enent 430 appear at equal intervals in the direction

of the | ongogi dBe 0kl tdwenoptioCabllayepassi fdd ter t420piazbdeedtend ng

vi bration of each vibration node. [0071]Fig. 4B illustrates the

anpl i tude ardethetsi 0 phasie430b for exciting the bending vibration in
each vibration mode, expressed in terms of real and imaginary
components. Referring to Fig. 4B, row (1) indicates the
alternating voltage applied for exciting the bending vibration
in the mth-order vibration mode, and row (2) indicates the
alternating voltage applied for exciting the bending vibration
in the (m + 1)th-order vibration mode.
[0072] Row (3) indicates the alternating voltage applied
when the time phase of the bending vibration in the (m +
1) th-order vibration mode is shifted by 90°. The voltage
applied for exciting the bending vibration in each vibration
mode is normalized by the amplitude of the bending vibration
in the mth-order vibration mode when an amplitude ratio between
the bending vibrations in the mth-order vibration mode and in
the (m + 1)th-order vibration mode is A : 1. As a result, the
same amplitude is acquired for the bending vibrations in the
two vibration modes.
[0073] If the bending vibrations in the mth-order vibration
mode and the (m + 1)th-order vibration mode are to be excited
in the optical low-pass filter 410 at the same time, the

alternating voltages indicated in rows (1) and (3) illustrated

in Fig. 4B are added. 1In other words, the alternating voltage
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of the alternating voltage applied to the piezoelectric elenents 430a
and 430b for exciting the bending vibration in each vibration node,
expressed in terns of real and imginary conponents. Referring to
Fig. 4B, row (1) indicates the alternating voltage applied for
exciting the bending vibration in the nth-order vibration node, and
row (2) indicates the alternating voltage applied for exciting the
bending vibration in the (m+ 1)th-order vibration de, LgO?Z Row
(3) indi cat e8I RREETF 8y RAYI WYy Vol ¢ l%é)acﬁ B0 Wh&iF et & LG

t he bendi Lbrati ' h ] -ord i brat.i. [ .
Shi 1 ea by 40PSTRE YOIt agt BB ISHY SF= e PR e RBRG Mg Vi BFAf on
shifted by 80.°The volt: e of & i |
S i el A e A Rl

bet ween theybend} a9, M.DIAdONSel A idie Thit- gEElny DAL eBL MPdeand i n
the (m+ 1)th-ordéer vibration node is A: 1. As a result, the sane

anplitude is Q?GHLéﬁ@eﬂc‘ aridhe ibendbhg vbbFaddans itB hheet \HdH@higon
nodes. [0073]1f the bending vibrations in the nth-order vibration
node and t heibmhtidy) Wkcekdeiny ipheati 0hdidderare frombehexcirkedhdniitne
optical lowpass filter 410 at the sane tinme, the alternating
vol t ages i ndipateddonhrby d®° (1) and (3) illustrated in Fig. 4B are
added. In other words, the alternating voltage indicated in row (4)
is applied tlO077HE pi Eheebelbavier alfeirbat sp1B80al ami-436l. fAtter d Iy 1Mo
t he present enbodi nent, the bending vibration in the nth-order

vi bration nb8e Tore BipemdsctRendingreil 1sdddnag v be A PoRP R CRétodSShe
bendi ng vibration jn the %n1+ 1)t h-order vipration node corresponds

to a second2BEndTiy~3A BratPorf HMfoSeMe i HEPHaLe FS di% FRPERTTIImMHe
st Dend: ng.viBratLon by, 89, LOQTALToe, pehad o ol Lhegptioah
above- deccr FBSA Lot o HurHUd T T Be Baner ) Baa Beront ACESTdi ng t o
Lont b or dor G Brar an moHe BT eng ted st fFe Shre tFn 2 T90741% gs.
5 and 6 illysioraye theghehawiner sof1 e rQRti €@ behavior of the optical
low-pass filter 410 in each time phase in the case where the
bending vibrations in two vibration modes are excited at the
same time by shifting the time phase by 90°. Referring to Figs.
5 and 6, a position in the optical low-pass filter 410 is
indicated on a horizontal axis in terms of numbers 0 to 360 from
the left to the right. Further, the long side direction of the
optical low-pass filter 410 is indicated as X, the short side
direction as Y, and a normal direction of the plane as Z.
[0076] Referring to Figs. 5 and 6, waveform C indicates the
waveform of the bending vibration in the ninth-order vibration
mode, and waveform D illustrates the waveform of the bending

vibration in the tenth-order vibration mode. Further,

waveform E illustrates the waveform in which the
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| ow-pass filter 410 in each tinme phase in the case where the bendi ng
vibrations in tw vibration nodes are excited at the sane tine by
shifting the tinme phase by 90. Referring to Figs. 5 and 6, a position
in the optical |owpass filter 410 is indicated on a horizontal axis
in ternms of nunbers O to 360 fromthe left to the right. Further, the
| ong side direction of the optical |ow pass filter 410 is indicated
as X, the short side direction as Y, and a normal direction ‘%ﬁ

pl ane as Z. 2POBTBIFRF SRS ComRRGS. 25 SREPE Ray S0P er i Fid

th f f th th h d br at.
mode, and WGP T .ﬁ%ﬁ%ﬁ&ts%a%hs %@%% OO CRE Bordihg . 'Cal
vibration i h thSaégnéﬁt rd% Q/Laq;%f%@m €11 dslgrta}{%g’ea}qaggéeﬁ% a%ion

illustrates tﬁe waveformin mhlc ove-descri es are

combi ned. 1 ncother, %99{9?51 ltohwe- vg@\é,effmréﬁ i1d ust rates hhecactyal

anplitude of the optli ass filter 410. Waveform F 1l lustrates

an accel er atripgn7pf tlﬂﬁeopcgfé:ﬁgln sQWs a8 Se fddHeBle A48 41k the féce of the
di rection. [0077 The foreign substance adhered to the surface of the

optical |owopassalfildwrpakl) friageirvela foc€erd i tthe caot fathdlid@eddion
and is caused to nove by deform ng the optical |ow pass filter 410.
Mor e speci f iddakkbyjionfard cur warusedi cat noge tihe ddeelengt tba opritded Z
direction is of a positive value, the foreign substance is thrust
out si de t he lsurpase,fidigrr €tki v¥srehmddideailhyt Hef acturale thdiexatiioy
of the curve E indicating a displacenment in the optical |ow pass
filter 410 &bhesirdehsnnd iphake thPODTETTRE: POrET GR SHBSH IR VAEERI VES a

force in the right direction (i.e., in a positive direction with
respect to ifR&eign substance is thrust outside the surface, and receives

the force in the normal direction of the curve E indicating a
displacement in the optical low-pass filter 410 at such time
phase.

[0078] The foreign substance receives a force in the right
direction (i.e., in a positive direction with respect to the
X direction) in a section indicated as rnmn (n =1, 2, 3, ..
illustrated in Figs. 5 and 6. In contrast, the foreign
substance receives a force in the left direction (i.e., in a
negative direction with respect to the X direction) in a section
indicated as 1n (n =1, 2, 3, .). As a result, the foreign
substance moves to a position indicated by Xn (n =1, 2, 3,
..) . According to the present embodiment, Xn (n=1, 2, 3, ..)
moves in the positive direction with respect to the X direction
as the time phase progresses, so that the foreign substance
moves in the positive direction with respect to the X direction.
[0079] Fig. 7 illustrates a configuration of the

piezoelectric element 430a, or a three-sided view of the
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X direction) in a section indicated as rn (n =1, 2, 3, illustrated
in Figs. 5 and 6. In contrast, the foreign substance receives a force
in the left direction (i.e., in a negative direction with respect to
the X direction) in a section indicated as In(n =1,2,3, ).As a
result, substance noves to a position indicated by Xn ( the n =
foreign 1, 2,3, _).According to the present enbodinent, Xn ( n = 1,

2, 3, )

piezoelectric element 430a. Referring to Fig. 7, the
piezoelectric element 430a includes a piezoelectric member 431,
i.e., a single-plate piezoelectric element, and four types of
electrodes formed on the surface of the piezoelectric member
431. More specifically, driving electrodes AF and AB, a sensor
electrode SF, and a ground electrode SB are formed on the surface
of the piezoelectric member 431.

[0080] As illustrated in Fig. 7, two driving electrodes AF
and one sensor electrode SF are formed on an F side (i.e., a
first surface) of the piezoelectricmember 431. Inother words,
a plurality of driving electrodes is formed on the F side (i.e.,
the first surface) of the piezoelectric member. Two driving
electrodes AB and one ground electrode SB are formed on a B side
(i.e., a second surface) of the piezoelectric member 431.
[0081] The two driving electrodes AF and the two driving
electrodes AB are formed on opposite sides of each other,
sandwiching the piezoelectric member 431 therebetween. The
two driving electrodes AF and the two driving electrodes AB are
driving electrodes for exciting the vibration in the optical
low-pass filter 410.

[0082] The piezoelectric element driving circuit 111, i.e.,
the control circuit, alternately applies the voltage to the two
driving electrodes AF and the two driving electrodes AB. The
optical low-pass filter 410 is thus vibrated.

[0083] The sensor electrode SF is a vibration detection
electrode which detects the vibration of the optical low-pass

filter 410. The sensor electrode SF is formed between the
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noves in the positive direction with respect to the X direction as
the tinme phase progresses, so that the foreign substance noves in the
positive direction with respect to the X direction. [0079]Fig. 7
illustrates a configuration of the piezoelectric elenent 430a, or a
three-sided view of the piezoelectric elenent 430a. Referring to
Fig. 7, the piezoelectric elenment 430a includes a piezoelectric
menber 431, i.e., a single-plate piezoelectric, elenent, and four
types of el 8¢tVdaeseisimafson e st dcé18f the® pi d288FedtF i3 Heber
431. More sp%piflcallr, drjvin%Pelegg odes AF and AB, a sensor

el ectrode SE/€aRd®a°yf ourd eMEEPF6de>SB are formed on the surface of

t he piezoel i,c mepber 431. 080 i lustrated.in Fig. 7
driving eleigbééis Agggn cﬁﬁgiég%%%%oéTg%t%% %eggré?%lﬁ%%ﬁgaegﬁ&g&oF

side (i.e., fi n ; 9f s BLezoel ect LG r 1 dd
ot her words t?leag;%%rgltﬁﬁg%?&%)f r ipé?'crélgmél égiér b’deg;foiczls r5$gtr3?naic—illé}%nldt ;ka%

Side_(i-e-1c%%%rgi§§@.SQWka%§bu9& dhe- i RAOREGLT FSr BN LweBWO the
driving el ectrodes AB and one ground el ectrode SB are fornmed on a B

side (i.e., j@isgagnsl sanfaee) noford heephezoel qet el ¢ @Rl sd8tace) of

[ 0081] The two driving electrodes AF and the two driving el ectrodes AB
are formed ameopposidlecrdesma@ibeaablot g ssandniethicngotibesF and the
pi ezoel ectric nenber 431 therebetween. The two driving el ectrodes AF
and t he two gdruwnidngl etectidodEs aAB foenalt ion ngeebprtsiciesifies ekcidding
the vibration in the optical |lowpass filter 410. [0082] The

pi ezoel ect r iathelre reandvtirdhiinggties pdgizoelggtric member 431 therebetween.

[0085] The sensor electrode SF monitors how the output
voltage generated by the sensor electrode SF changes with
respect to the ground electrode SB corresponding to the ground
voltage, and detects the vibration of the optical low-pass
filter 410.

[0086] The driving electrodes AF and AB, the sensor electrode
SF, and the ground electrode SB are connected to a piezoelectric
element flexible printed-circuit board (not illustrated) by
thermal compression bonding, using anisotropically-conductive
£film (ACF). The driving electrodes AF and AB are connected to
the piezoelectric element driving circuit 111 via a wiring
pattern on the piezoelectric element flexible printed-circuit
board.

[o087] The sensor electrode SF, i.e., the vibration
detection electrode, is connected to the vibration detection
circuit 112 via the wiring pattern on the piezoelectric element
flexible printed-circuit board. The ground electrode SB is

connected to the ground potential portion in the digital camera
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the control circuit, alternately applies the voltage to the two
driving el ectrodes AF and the two driving el ectrodes AB. The opti cal

| ow-pass filter 410 is thus vibrated. [0083] The sensor el ectrode SF
is a vibration detection el ectrode which detects the vibration of the
optical |low pass filter 410. The sensor electrode SF is forned
between the driving electrodes AF on the F side (i.e., first
surface) of the piezoelectric nenber 431. [0084] The ground el ectrode
SB i s el ect FPEaIthoRRBLESBAE B RETNGIUNE T Il SGMmerdnt(Gxiele
ground) of the digital canera 100. The ground el ectrode SB is forned
bet ween t heParPUFRg el @ttt 888<9AS on the 13 side (i.e., second

surface) of iezoelectric nmenher .431. The sensor el ectrode nd
t he ground éb§§§Fode8§§%gﬁédFo?ﬁe “oR %H%aéngg?t%%%ﬁo égc%fl%ggﬁEeQ

ot her, Sand%ﬁhirp%ﬁegglgkgglg%tezqé Eﬁerﬂ? er30%3é01rlpl.e%1%%} Ckscribed

[ 0085] The sensor el ectrode noni tors how t he output voltage

generated by,hhe s£n$0L £ &4l redenShehangesomddy s espest 10 th&nat
ground el ectrode SB corresponding to the ground voltage, and detects

the vibratieneofoid@igptd£ahel gV pasisdrdites1 dddht LBO86]sThardriyi re

el ectrodes AF and AB, the sensor el ectrode
cne of the short sides (i.e., one side) of the optical low-pass
filter 410.
[0089] The piezoelectric element 430b is configured
similarly as the piezoelectric element 430a. The F side or the
B side of the piezoelectric member 431 is stuck to the optical
low-pass filter 410 so that the long side of the piezoelectric
element 430b is parallel to the other short side (i.e., the other
side) bf the optical low-pass filter 410.
[0090] The position of the sensor electrode SF formed on each
of the piezoelectric elements 430a and 430b when the
piezoelectric elements 430a and 430b are stuck to the optical
low-pass filter 410 will be described below.
[0091] Fig. 8 illustrates the state in which the B sides of
the piezoelectric elements 430a and 430b are stuck to the image
sensor side surface of the optical low-pass filter 410, as
viewed from the image sensor side.
[0092] Referring to Fig. 8, the piezoelectric element 430a
is stuck to the optical low-pass filter 410 so that the long
side thereof is disposed along one of the short sides (i.e.,
one side) of the optical low-pass filter 410. A length of the

long side of the piezoelectric element 430a is approximately
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SF, and the ground el ectrode SB are connected to a piezoelectric

el ement flexible printed-circuit board (not illustrated) by thernal
conpressi on bondi ng, using anisotropically-conductive film (ACF). The
driving el ectrodes AF and AB are connected to the piezoelectric

el enent driving circuit 111 via a wiring pattern on the piezoelectric
el ement flexible printed-circuit board. [0087] The sensor el ectrode
SF, i.e., the vibration detection electrode, is connected to the

vi bration defiezt itontherkaidtief ia afhehishiosrd phtterid -6n/tPRe side)

pi ezoel ectric el enment, flexible printed-circuit board. The ground

el ectrode SBEi shedthfdPed 10§ PRES gf bhirRF pdt’ential portion in the

di gi tal 00 via th i rj tt . .t h i | ectri .

el emrent 1 eXPBI3! pri HPEHIEI 1 G 1 bbdrd: - F 008S]Fhe' ¥ Srde o 11 B+
ide of th ' I A 31 in. [ t L I

3308 cont i gifBUAE ‘aLRcr BER- Aubvars o Phter dPlichaFe THE e A Ed e

| ow pass fikhgrlggf Qct hat Lhe {QQﬂﬁﬁkgédogléﬁftﬁk@%@ﬁ&?céﬂéfi,side

el enent 430a Is patrallel to one of the short sides (i.e., one side)

of the optigalcl owRassnticl i ele ALG L08R The PLRZEL £GtiNike el enENh
430b is configured simlarly as the piezoelectric elenent 430a. The F
side or the1Bn§tdesoftHehecpyezoed ect fhe PeEbHESLAlriics eSbeKt t4BANE s
optical low pass filter 410 so that the Iong side of the

pi ezoel ect r eppebenente U360hua b tpattad Lehgtlo of htheod tiesr short ssddeli(-ie..e.
the other side) of the optical |lowpass filter 410. [0090] The

posi tion of othersender i edter ode 1SELf beweebn fdddkr 410.

[0094] As described above, the optical low-pass filter 410
is vibrated at frequency f (i.e., f(m) < £ < f(m+ 1)) to convey
the foreign substance. In such a case, it is necessary for the
frequency f to be between frequencies f(m) and £(m + 1) at which
the traveling wave that is most appropriate for conveying the
foreign substance is excited.

[0095] Fig. 8 illustrates a schematic diagram of the
traveling wave at frequency f. Fig. 8 illustrates only the
optical low-pass filter 410, and the piezoelectric elements
430a and 430b as viewed from the image sensor side. Further,
a shaded area indicates the optical effective area through which
the incident imaging light flux of the digital camera 100
passes.

[0096] As illustrated in Fig. 8, the traveling wave which
travels in the direction of the long side of the optical low-pass
filter 410 is excited. In other words, the excited traveling
wave travels in the direction perpendicular to the short side

of the optical low-pass filter 410 to which the piezoelectric
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of the piezoelectric elenments 430a and 430b when the piezoelectric
el ements 430a and 430b are stuck to the optical |ow pass filter 410
w Il be described below [0091]Fig. 8 illustrates the state in which
the B sides of the piezoelectric elenments 430a and 430b are stuck to
the i mage sensor side surface of the optical |owpass filter 410, as
viewed fromthe i nage sensor side. [0092] Referring to Fig. 8, the

pi ezoel ectric elenment 430a is stuck to the optical |owpass filter
410 so that elheehbnd38pded heteate ssudkspdsetidl 8ggsend st s tafe SRt
sides (i.e., one side) of the optical |lowpass filter 410. A length
of the | ong¥aVeeldf fhespiarsal eehFitl &l @ﬁéﬁtl%@aerét%%ﬁfbw%ﬁmw
equal to the | ength of one of the short one 2 %f
optical | ow ﬁ%soﬁ FPE&PtAret %@U@?ﬂsﬁuf%%ﬁ?r 439 49 b%%?%*f%ad:ﬁ% Fi .g'8
t he piezoelgctrlc el ement 430b is stuck to the optical |ow pass
filter 410 so that the long side thereof is disposed along the other

short s1de (op7y the ethenss, %e)lﬂséﬁ%lete(&pﬂ%ﬁ‘él'é’%@f‘é%%e{)'théerfod%%o-

A length of ng Si I ezoel ectric enent

appr oxi mat el @Hé’%lf&-%r}%ekeélgéﬂcg{aﬁw@agéherEa%l?pBE Sdeoclbs€s the

other side) of the optical [owpass filter 410. [0094] As descri bed

above, the optikeabrhoWsRasSohitd @bvddpears in the short side direction
of the optical low-pass filter 410, to be symmetrical with
respect to the central axis in the short side direction of the
optical low-pass filter 410. The first-order stationary wave
is generated at a frequency between the frequency f(m) (i.e.,
frequency of the mth-order vibration mode) and the frequency
f(m+1) (i.e., frequency of the n + 1th-order vibration mode) .
[0098] The foreign substance adhered on the surface of the
optical low-pass filter 410 is thus conveyed in the long side
direction of the optical low-pass filter 410 by a combined wave.
The combined wave is formed of the traveling wave which travels
in the long side direction of the optical low-pass filter 410,
and the first-order stationary wave generated in the short side
direction of the optical low-pass filter 410.
[0099] The amplitude of the combined wave that conveys the
foreign substance becomes largest at the central axis in the
short side direction of the optical low-pass filter 410,
corresponding to the anti-node of the first-order stationary
wave generated in the short side direction of the optical
low-pass filter 410.

[0100] The amplitude of the combined wave that conveys the
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is vibrated at frequency f (i.e., f(m <f <f(m+ 1)) to convey the
forei gn substance. In such a case, it is necessary for the frequency
f to be between frequencies f(m and f(m+ 1) at which the traveling
wave that is nost appropriate for conveying the foreign substance is
excited. [0095]Fig. 8 illustrates a schematic di agram of the
traveling wave at frequency f. Fig. 8 illustrates only the opti cal

| ow-pass filter 410, and the piezoelectric el enments 430a and 430b as
vi ened fromiPhelgPegssemssr 95aded L RUCeREL 2SS shiatdtl thfeact et c afe$
the optical effective area through which the incident inagin? Ii% t
flux of thelBildit SPoLantISE $06°pasRSL FODTBIEAS A T UstHCe b  T 1 7F 3.0
8, the traveli wave which travels.in the directio f the long side
ot the opt £8I THeuEaston rerohtot Al SO TR O BPnbre wbhi e
excited trayelin ve travels i he. directi e ndi e
short side Sga% g“%%¥5€3ﬁfF%&?E%Q%éfﬁigéF %&89?69ﬁ%$§%gfﬁglgﬁ 36 &

pi ezoel ectri, tiegfnﬁm%aﬁoagegﬁ | ahRe SLHCK: tddl $HEBREs Cashn dshe

stationary ve In a first-order vibration node 1s generated 1n the

short side gt the opticl dweRassathdtes A0 nRe bkl uatrated idrdEirg.
8. [0097]Dotted lines illustrated in Fig. 8 indicate the nodes of the

first-order sshat beAay Wwanay genEagbe Ofid R@enedest odidd@ifrkesi oRrdierche
stationary wave appears in the short side direction of the opti cal

| ow pass fi bpelcd4l0]lot-epdres SHrimetr utal with respect to the central
axis in the short side direction of the optical |owpass filter 410.
The first-o0M@aP13t at RenaryesaMe ithiegenpt atede atece sfspayuént ychetarseny

t he frequenc f%n) (i.e., frequency of the nth-order vibration node)
and the freduenégre{am +sUysiEnce. mayr egheprR 2 ET e At+ENe ROTidem
vibration node) . [0098] The foreign substance adhered on the
surface of CRETBPPPLAIRY dW PAESTPIF tr AeorFEStHULToRVvEayanF Y (e e

| ong side direction of the optical |ow pass. filter 410 b onbi ned
wve. The CORBERBASAATE TRE FoTHed 0P FhEoS TUbPEn P SRR ot B s
in the | ong hq%rdhggction of the optical |lowpass filter 410, and
the first-order statronary wave generated in the short side direction

of the Optiq%hOE?MFpﬁﬁﬁthkﬂgﬁxﬂ%Qe‘present.embodiment, the size of the

optical low-pass filter is optimized so that the
above-described node of the first-order stationary wave is
generated outside the optical effective area. In other words,
the size of the optical low-pass filter is designed so that the
node of the first-order stationary wave is generated outside
the optical effective area. Sufficient amplitude necessary
for conveying the foreign substance can thus be acquired within
the optical effective area.

[0103] The traveling wave which travels in the long side
direction of the optical low-pass filter 410 is reflected at
long side edges of the optical low-pass filter 410, i.e., at
the edges of the optical low-pass filter 410 to which the

piezoelectric elements 430a and 430b are not stuck. As a result,
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[ 0099] The anplitude of the conbi ned wave that conveys the foreign
substance becones | argest at the central axis in the short side
direction of the optical |owpass filter 410, corresponding to the
anti-node of the first-order stationary wave generated in the short
side direction of the optical |owpass filter 410. [0100] The
anplitude of the conbined wave that conveys the foreign substance
gradual |y decreases, fromthe central axis in the short side
direction of vherapteedifiGipassrrrl tee BHtedse poREFOPTY wWave
correspondi ng to the node of the first-orderrgb?tionary_

i

gener at ed i FePRE2ERDrID SPGeSiPTectiiEndbEcthe ol qp&\?v\é%ilgjsovﬂﬂaﬁ?r

410. The anpl.i.tude conmes smallest at the portion corresponding to
t he node of ﬁéefi?£§-bﬁd%?“§F§Fﬁ0nary wave generated in the short

si de directi%qﬁgi the 98%589%i$§%&9%§%efE%%@édﬁ%?w&%%%g%hpéiégréﬁ%ﬁé

t he anplitu&e essary for conveying’thé foreign substance may

be vaUiredcﬂ%tﬁ@%ﬁggggiQQWQSEEQ%HQQ EDQléQnEQ?f@9g§WQEth%cxmmined

first-order stationary wave generated in the short side direction of

the optical J.Qu pass Ebhd&fs 4 A0108hAc@0sEiMe: t ostibie PseRkence
enbodi ment, the size of the optical |owpass filter is optimzed so

that the abouerdesesi besh&rades Ofint keef ki ¢ - Of dafe Spllinasyoante: i S
generated outside the optical effective area. In other words, the
size of the copbieal wewe passtifd IMierinisydesi gnedisw tshde theenode twie
the first-order stationary wave i s generated outside the opti cal

ef fective areaic8if lpetenmts afpltisrudé Onesrdsaryifmticonveybagehdre is
forei gn substance can thus be acquired within the optical effective
area. [0103]diHderrareitany thaviehats e thagersinad (Wi bajt sioggeys the

foreign substance.

[0105] As a result, if the sensor electrode SF is located
on the outside with respect to the node of the first-order
stationary wave generated in the short side direction of the
optical low-pass filter 410, the sensor electrode SF cannot
accurately detect the combined wave that conveys the foreign
substance.

[0106] On the other hand, if the sensor electrode SF 1is
located on the node of the first-order stationary wave generated
in the short side direction of the optical low-pass filter 410,
the amplitude of the combined wave is small, so that it becomes
difficult to discriminate the vibration and noise.

[0107] To solve the above-described problems, the
piezoelectric elements 430a and 430b are stuck to the optical
low-pass filter 410 so that the sensor electrode SF is located
between the nodes of the first-order stationary wave generated

in the short side direction of the optical low-pass filter 410.
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direction of the optical |owpass filter 410 is reflected at |ong

si de edges of the optical lowpass filter 410, i.e., at the edges of
the optical |lowpass filter 410 to which the piezoelectric elenents
430a and 430b are not stuck. As a result, a vibration different from
the first-order stationary wave generated in the short side direction
of the optical lowpass filter 410 is generated. [0104] A reflection
wave generated at the |long side edges of the optical |ow pass filter
410 int erfeMé§evﬁR€rF1tfH€aégiffbi%SW&\?ért?ﬂa%Cte“@ﬁ\?e% JtsnéOFBIE%ii digtween
substance. Such interference generates unevenness in the size of the

anpl i t ude of PhErEohbl P€dPRATe T Hife VWPERRT Y Tt RESFong St edges
f th tical |o filt 410, i brat.i h i

G 1 orent { PP IICE BT TheORbHB N DS LH SEo Ry oy Phaeh the

foreign bst an 0105 if.t | ectrode SF i
Ioca;gd iﬁ %ﬁ%Z%%%%%%ﬁ?%d%ﬁ%mggggzg%5?d&F%énﬁggggg?ggﬁgggi;gt?orde:s

stationary waygggeneratedyin, the short side diggetion otnthe.opti cal
10, t el ectro f

| ow pass filter e sensor e SF cannot accurately detect

the conbi ned;wavectbatr £ORYEYS:thes bar@ldnesubst anes i H1O6LOAt thee
other hand, if the sensor electrode SF is |ocated on the node of the

first-order gst-attoparyr wake gpenesat edwtpaderishernt 4sode e eehson of
the optical |owpass filter 410, the anplitude of the conbi ned wave
is small, selkhatroidt dreconehudi déteat tthieocchitsicrddiwaet erhiolse argdrigtuiden
and noise. [0107]To sol ve the above-described problens, the
becomes the largest, so that the vibration and the noise can
be easily discriminated. Further, the effect of the reflection
wave generated in the long side edges of the optical low-pass
filter 410 gradually decreases towards the central axis in the
short side direction of the optical low-pass filter 410.
[0109] As a result, the sensor electrode SF can accurately
detect the combined wave that conveys the foreign substance by
being positioned on the central axis in the short side direction
of the optical low-pass filter 410.
[0110] The sensor electrode SF may be of any size as long
as the output voltage of the sensor electrode SF is sufficiently
larger than a noise level. Since the driving electrode AF is
an electrode for exciting the vibration in the optical low-pass
filter 410, it is desirable to form the driving electrode AF
as large as possible.
[0111] The vibration detection in the optical low-pass
filter 410 will be described below with reference to Fig. 9.

Fig. 9 illustrates a waveform detected by the vibration

detection circuit 112 when the optical low-pass filter 410 is
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pi ezoel ectric elenents 430a and 430b are stuck to the opti cal

| ow- pass filter 410 so that the sensor electrode SF is |ocated

bet ween the nodes of the first-order stationary wave generated in the
short side direction of the optical |owpass filter 410. More
specifically, the sensor electrode SF is |ocated between a plurality
of nodes of the vibration generated in the short side direction of
the optical |lowpass filter 410 to which the piezoelectric elenents
430a and 430bbapeedtaicKrep0¢08y Accofdé nyihrgtike ¢ esaritone abbditheitl 2
t he sensor electrode SF is positioned on the central axis in the
short side @PEEEEFoOR RFTAHE AIpCiéaPTPOW pa e T ee PY4$BP2THECTS éiSor
el ectrode SF can thus detect the conbi ned wave whose_anplitude
becones t heCPaF§RSELIOR P HAt® PHEZGPBRAET bh Hrfd e 4Hdi se can be

il di im ted. Furth th ffect of th l i
oot atod s rolhafl ot LIS aa N THEEC SOl (B LT RS 1

o g O PSR L P R A i,

direction of the opfica W-pass ares

sensor el eCto%OQ?e §§t§é 13GEHALE! i d&leql ot heconbi ned, vaventhatoung

conveys the forelgn substance by being positioned on the central axis

in the shortsidecdirestioncabthhe; PRtdiGAlaihew pass drduhar vdilfage (0
[ 0110] The sensor el ectrode SF may be of any size as 1ong as the

out put vol t gge et thetsensorimlaecbhodet&Sttisn stfdduaitent byatqigess tshan
a noise level. Since the driving electrode AF is an el ectrode for
exciting theivubpatiabnwavefiden otF callubomapassif ifilger 9410, it is
desirable to formthe driving el ectrode AF as |arge as possible.
[0111] The villBRaBion detetecoedipritche iopt AchFetowpas is proportional

to the vibration amplitude of the optical low-pass filter 410.
A phase 6 detected at this time indicates a vibration phase of
the optical low-pass filter 410. The combined wave generated
in the optical low-pass filter 410 can thus be detected by
monitoring the output voltage waveform.

[0114] A desired conveying vibration can then be generated
by performing feedback control on the applied voltage and on
an applied voltage frequency of the piezoelectric elements 430a
and 430b to cause the potential difference Va and the phase 6
to become predetermined values.

[0115] Further, the vibration detection circuit 112 can also
detect failures and abnormalities. For example, if the
potential difference Va detected by the vibration detection
circuit 112 greatly differs from an expected size, the vibration
of the optical low-pass filter 410 is assumed to be abnormal.
As a result, the operation of the foreign substance removal unit

can be stopped, or the foreign substance removal unit can be
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filter 410 will be described belowwth reference to Fig. 9. Fig. 9
illustrates a waveform detected by the vibration detection circuit
112 when the optical |owpass filter 410 is vibrated at frequency f.
The vibration detection circuit 112 detects a potential difference
generated by expansion and contraction of the piezoelectric el enent
431. [0112] A sinusoidal voltage is generated in the sensor el ectrode
SF by a piezoelectric effect, along wwth the vibration of the optical
| ow- pass filkeptadd®d. In such a case, the ground electrode SB is
constantly nai ntained at _a ground voltag%&§0 V), so that the

vi bration déPaif]on ¥pitfitatlr gxgurtes of ShRusesHatomasekd? mopser
illustrated in Fig. 9. [0113] A detected potential difference Va i%
propor t i onaPtE6EFAee Y iShr Ae T arpfitiudé 'Ute PREZERLFCHI LT 83??5%%% 430a
filter 410. A phase Q.detected at this tine indicates a vihrati

phase of thé‘ngp{]' A" oW pate F tbtegrgi]l?)vf' S ESHBT A v%é’vgl Se‘ng?%t’ed

in the opti I p filter 410 can thus be detected by nonitoring
t he out put ggﬁfaggéMave bfﬁ¥9ﬁ8%14]A desired conveying vi bration can

then be gengpatgd byrper{orahng: feedhack gontsaliontheeappl Fed. 10a
vol tage and on an applied voltage frequency of the piezoelectric

el ements 43Qagaings 4808 digcaysenthespatenthdle1dichienence Yanandiike

phase e to becone predeterm ned val ues. [0115] Further, the vibration

detection citheukéndd? Qattalosle SF are different from that according to
the first embodiment. Further, the sensor electrode SF is
disposed between the central axis of the optical low-pass filter
410 and the node of the first-order stationary wave generated
in the short side direction of the optical low-pass filter 410.
[0118] Fig. 10A illustrates the B sides of piezoelectric
elements 1430a and 1430b stuck to the image sensor side surface
of the optical low-pass filter 410, as viewed from the image
sensor side. Referring to Fig. 10A, the sensor electrode SF
formed on the piezoelectric element 1430a and the sensor
electrode SF formed on the pilezoelectric element 1430b are
positioned to be line-symmetrical with respect to a center line
in the long side direction of the optical low-pass filter 410.
[0119] Fig. 10B illustrates the B sides of piezoelectric
elements 2430a and 2430b stuck to the image sensor side surface
of the optical low-pass filter 410, as viewed from the image
sensor side. Referring to Fig. 10B, the sensor electrode SF
formed on the piezoelectric element 2430a and the sensor
electrode SF formed on the piezoelectric element 2430b are

positioned to be point-symmetrical with respect to a center
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detect failures and abnormalities. For exanple, if the potential
difference Va detected by the vibration detection circuit 112 greatly
differs froman expected size, the vibration of the optical |ow pass
filter 410 is assuned to be abnormal. As a result, the operation of
the foreign substance renoval unit can be stopped, or the foreign
substance renoval unit can be replaced. [0116] Modification exanpl es
of the position of the sensor electrodes SF forned on each of the

pi ezoel ectr ipoiekenenthe430d igad 480bras$ | fhiecadeddNi.bed bel ow with
reference to Figs. 10A, 10B, 100, 10D, and 10E. [0117]In the

nmodi fi cat i odoéﬁgirpl e§inee idereareratedRgubIGA vt 10Byiedréiraks the
the two driving el ectrodes Al sandw chi ng the sensor el ectrode SF are
di fferent fPEEPHRAICEEES HFTRLT 6Tt Hee fivesteritiodilfERE odfuSEhern thiye
sensor eIe&}rode SF i s di sposed_between the central axis of the
optical | owPfad§tfi? tEPAIG GG ¥ ha RodeS 6 e Predtiorey the two

stationary wave generated. in short.side direction of the optica
| ow pass fi SEBroR 10 S (ot SFiSE;EJ.]%TOQei h%%tsr%‘t“}?strtlﬁégs%i%%lsmof

piezoelectrgﬁmﬁgggggé 1430a and 1430b stuck to the imge sensor side
surface of the optical |owpass filter 410, as viewed fromthe imge

sensor Side{OB@i?rri@Qetfkﬁaéhs %QAthEh§o§§n§fHe§ﬂd%ckﬁgd§ié%55f¥ey% con

the piezoelectric elenent 1430a and the séensor electrode SF fornmed on
the piezoel ecknksrelianeal 14300 ateopOosinki oiesh Loche dr Bgpy syrRttd¢al

wWith respect to a center line in the long side direction of the
optical |owepass fé Ither 1446th [X118kFigorlGBdel basiHabesithe Bwipdes
of piezoelectric
filter 410.
[0122] In contrast, the length of the long side of each
piezoelectric element in the modification examples illustrated
in Figs. 10C, 10D, and 10E is shorter than the length of the
short side of the optical low-pass filter 410.
[0123] Fig. 10C illustrates the B sides of piezoelectric
elements 3430a and 3430b stuck to the image sensor side surface
of the optical low-pass filter 410, as viewed from the image
sensor side. Referring to Fig. 10C, the piezoelectric element
3430a is stuck to a lower region in the optical low-pass filter
410 with respect to the central axis in the short side direction
of the optical low-pass filter 410, along one of the short sides
(i.e., one side) of the optical low-pass filter 410.
[0124] Further, referring to Fig. 10C, the piezoelectric
element 3430b is stuck to an upper region in the optical low-pass
filter 410 with respect to the central axis in the short side

direction of the optical low-pass filter 410, along the other

short side (i.e., other side) of the optical low-pass filter
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el ements 2430a and 2430b stuck to the i mage sensor side surface of
the optical |owpass filter 410, as viewed fromthe inmage sensor

side. Referring to Fig. 103, the sensor electrode SF forned on the

pi ezoel ectric el ement 2430a and the sensor el ectrode SF fornmed on the
pi ezoel ectric el ement 2430b are positioned to be point-symetrical
wWith respect to a center point in the optical |lowpass filter 410.
[0120] Si nce the generated conbi ned wave is symmetrical, the output
voltage | evél8.of the two sensor el ectrodes SF can thus be set to
approximately sane | evels by positioning the two sensor el ectrodes SF
to be line-$QhABlri cAb bFlpvimtesyimefibeal 0C[ GEEL] Phe thengehzCof t he
| ong sides of the piezoelectric elenents 1430a, 1430b, 2430a, and
2430b are e&:RACHPPIOXiTRLEl §leoretd (B the FeRbth GFithatsHur toRG 8ot

the optical | owpass filt 410, [0122]1 trast, the | f th
| ong side of°EaR S%?féigglrg:]tor'i CF%{TE%E% tF‘ﬁC {lfe"rﬁa‘?%dﬁ?%%cicgezgg}ao%ﬁﬁegse

Ut ated U0 g 0. 100 8000 Soatend 85, LD 4Gk

Ny UStrateSA%n%?%o%hg8§n9ﬁh8i§¥g§§é%%k%kgc element 3430b are positioned
to be point-symmetrical with respect to the center point in the
optical low-pass filter 410.
[0126] Fig. 10D illustrates the B sides of piezoelectric
elements 4430a and 4430b stuck to the image sensor side surface
of the optical low-pass filter 410, as viewed from the image
sensor side. Referring to Fig. 10D, the piezoelectric element
4430a is stuck to the upper region in the optical low-pass filter
410 with respect to the central axis in the short side direction
of the optical low-pass filter 410, along one of the short sides
(i.e., one side) of the optical low-pass filter 410.
[0127] Further, referring to Fig. 10D, the piezoelectric
element 4430b is stuck to the upper region in the optical
low-pass filter 410 with respect to the central axis in the short
side direction of the optical low-pass filter 410, along the
other short side (i.e., other side) of the optical low-pass
filter 410.
[0128] As illustrated in Fig. 10D, each of the sensor
electrodes SF is disposed between the central axis of the
optical low-pass filter 410 and the node of the first-order
stationary wave generated in the short side direction of the

optical low-pass filter 410. The two sensor electrodes SF are
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el enments 3430a and 3430b stuck to the i mage sensor side surface of
the optical |owpass filter 410, as viewed fromthe inmage sensor
side. Referring to Fig. 100, the piezoelectric elenent 3430a is stuck
to alower region in the optical lowpass filter 410 with respect to
the central axis in the short side direction of the optical |ow pass
filter 410, along one of the short sides (i.e., one side) of the
optical lowpass filter 410. [0124]Further, referring to Fig. 100,

t he plezoelé@ﬁFFEO%ﬁ%ﬁﬁhPGSABE%‘$ﬁm§ﬁﬁéﬁaﬂowaﬁhdﬁﬁ%ﬁcﬁeéPdH“iﬁ%ﬂ%@r

optical lowpass filter 410 with respect to the central axis in.th
short side diPectt GHeo]fOItqnélE}Etfi“c*ﬁcql@W pasder PPEErEIeY ™ 8?%ﬁgflrlﬁ§r

ot her shortﬂilde (i.e., other side) of the optical |ow pass filter
410. [0125] O 11 ustrated in Fig. 1OC each of t he sensor el ectrodes

SFis dispoiggggg the. cen£6 eéttb ga&ES he, opt ré%ﬁ1 §a§§ofié €¥1c

410. Furthe drivP ng e ro forned k) ezoel'ec

el ement 34303404 L ho s0e] 419 ssbECt0de AELSH r{)aﬂgrer@gng& th8e sursace

pl ezoel ectric e enent are posi tione € polnt-symretri cal

Wi th respect, st ont hgcren cROpBLs | # the aRbi cal +QWRRSSohi tierindblR.
[0126] Fig. 10D illustrates the B sides of piezoelectric el enments

4430a and 443@RostdiGk .t OREhertiMRYEo SENEO0L08) A eStH d Ana «of rt Be 1epddneal
| ow- pass filter 410, as viewed fromthe i mage sensor side. Referring

to Fig. 10D54Bhe ipi ezoet ectthiecl @leanesndi dd30ahesostivek Tov-ihe supiperer
region in the optical lowpass filter 410 with respect to the central
axi s in the4dhorittrsidepedt ¢otitencefitthieaspsiicatrh¢ eWwopassidei dirgctdro,
al ong one of the short sides (i.e., one side) of the optical |ow ass
filter 410. ofoupyprutehbrowrepes fidgerd M .galaog oned presberéctl

(i.e., one side) of the optical low-pass filter 410.

[0130] Further, referring to Fig. 10E, the piezoelectric
element 5430b is stuck to the upper region in the optical
low-pass filter 410 with respect to the central axis in the short
side direction of the optical low-pass filter 410, alcng the
other short side (i.e., other side) of the optical low-pass
filter 410.

[0131] As illustrated in Fig. 10E, each of the sensor
electrodes SF is disposed between the central axis of the
optical low-pass filter 410 and the node of the first-order
stationary wave generated in the short side direction of the
optical low-pass filter 410. The two sensor electrodes SF are
positioned to be point-symmetrical with respect to the center
point in the optical low-pass filter 410.

[0132] Fig. 11A illustrates a modification example of the
piezoelectric element, i.e., a three-sided view of a

piezoelectric element 6430a. Referring to Fig. 113, the
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el ement 4430b is stuck to the upper region in the optical |ow pass
filter 410 with respect to the central axis in the short side
direction of the optical |owpass filter 410, along the other short
side (i.e., other side) of the optical |low pass filter 410. [0128]As
illustrated in Fig. 100, each of the sensor electrodes SF is di sposed
between the central axis of the optical |owpass filter 410 and the
node of the first-order stationary wave generated in the short side
direction obithecbpticia elemepassiIla teelubers tThetagpedensyic member
el ectrodes SF are positioned to be |ine-synmetrical with respect to
the center KBhe incthed |TMylsi®dadrr et o STt tikve SOFTPRAl IFW-TESS
filter 410. [0129]Fig. 1O0E.illustrates the B sides_of piezoelectri.c
el ement s 5430R°arif 5230b* eFeR K EBf N tREGH SETSoP T SifdePS8F 1 G- ©

th ti [ | filt 410, i f the i '

(he oPLical Lowpers, Tiler 510, A6 viched {romihe LiRes senser ore

to the |ower, region i1 r% he 9 ,t'afn%' t%é"’& 2823 éiééﬂoﬁga"ﬂx{eh%?ﬁ@&%
or S| ae e op

Senspr. e
to the centraP axlis |In e S Irectron o I Ca

| owpass T11Ler o419..21 ondon i%fzowecfpgétmé&&eﬁs 4di.e., one side) of
the optical Towpass filter 410. [0130] Further, referring to Fig.

10E, the pi gpagkect ring ehenentaH4B0Ak iF3 oSt Uk, tQ,d RE iWRRET o I &G HN
the optical ITowpass filter 410 with respect to the central axis in

the short sindeadiireet kenseof dihe wopticcal drewspassd fdr tre Ai@dealong ,

the other short side (i.e., other side) of the optical |ow pass

filter 410. fh@1BiI}sAssitFaser affechd pi&roelddficeaatbaf 48he Lerspround
electrode SB to be electrically connected to the ground
potential portion (i.e., ground) of the digital camera 100 is
formed on the B side (i.e., the second surface) of the
piezoelectric member 431.
[0134] The optical low-pass filter 410 is vibrated by the
piezoelectric element driving circuit 111, i.e., the control
circuit, applying the alternating voltage to the driving
electrode AF.
[0135] The sensor electrode SF is the vibration detection
electrode which detects the vibration of the optical low-pass
filter 410. The sensor electrode SF is formed between the two
driving electrodes AF on the F side of the piezoelectric member
431. The ground electrode SB is formed on the back side of the
sensor electrode SF, so that the sensor electrode SF and the
ground electrode SB are formed on the opposite sides to each
other, sandwiching the piezoelectric member 431 in between.

[0136] The sensor electrode SF monitors how the output

voltage generated by the sensor electrode SF changes with
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el ectrodes SF is disposed between the central axis of the optical

| ow- pass filter 410 and the node of the first-order stationary wave
generated in the short side direction of the optical |ow pass filter
410. The two sensor el ectrodes SF are positioned to be

poi nt-symetrical with respect to the center point in the optical

| ow-pass filter 410. [0132]Fig. 11A illustrates a nodification
exanpl e of the piezoelectric elenent, i.e., a three-sided view of a
pi ezoel ect r respéenent ti6d30puUnRed ke glinnglet 8B FiarrespAanding to the ground
pi ezoel ectric el ement 6430a includes the piezoel ectric nmenber 431,

i .e., a singPetpvat epl sederceet Fhe el erEnion &id thRr ekt §plest BFPass
el ectrodes forned on the surface of the piezoelectric nmenber 431.
Mor e specifﬁééFF§,4¥%e driving el ectrode AF, the sensor el ectrode SF,

o1 2061 ect 1B Ahber “AST (0150 ASCT Tt PRr i F1f 1™ THA O
drivi | ect AF and I F f F
Gide (1o SPReT P R R T e T R B e

ground_elecgﬁgggn§ 1%919?e%h%%%éhﬁé££¥u9988§£&QQOEQJhﬂ%tgagéaﬂ. The
potential portion (i.e., ground) of the digital camera 100 is forned

on the B si @@i(f&n?;eléc&er&%%oﬁ@ suef aseleOfed h® phezpelesiTd e menber
431. [0134] The optical lowpass filter 410 is vibrated by the

pi ezoel ectr ieCcpbpeMt i Wi/ idigGctitcull ¢4, tHe enirihBepaotérolorcitheuit,

applying the alternating voltage to the driving el ectrode AF.

[ 0135] The sensabetbectiodd csenits flheividratirordetiectiibnboard.
[0138] The sensor electrode SF is connected to the vibration
detection circuit 112 via the wiring pattern on the
piezoelectric element flexible printed-circuit board. The
ground electrode SB is connected to the ground potential portion
in the digital camera 100 via the wiring pattern on the
piezoelectric element flexible printed-circuit board.
[0139] The F side or the B side of piezoelectric member 431
in the piezoelectric element 6430a configured as described
above is stuck to the optical low-pass filter 410 so that the
long side of the piezoelectric element 6430a is parallel to one
of the short sides (i.e. one side) of the optical low-pass filter
410.
[0140] The piezoelectric element 6430b is configured
similarly as the piezoelectric element 6430a. The F side or
the B side of piezoelectric member 431 in the piezoelectric
element 6430b is stuck to the optical low-pass filter 410 so

that the long side of the piezoelectric element 6430b is

parallel to the other short side (i.e., the other side) of the
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el ectrode which detects the vibration of the optical |owpass filter
410. The sensor electrode SF is fornmed between the two driving

el ectrodes AF on the F side of the piezoelectric nenber 431. The
ground el ectrode SB is formed on the back side of the sensor

el ectrode SF, so that the sensor electrode SF and the ground

el ectrode SB are formed on the opposite sides to each other,

sandw ching the piezoelectric nenber 431 in between. [0136] The sensor
el ectrode SPPRBPR+ ok thewst Bélbaf phit®vol t age generated by the sensor
el ectrode SF changes with respect to the ground el ectrode SB
correspondiﬁﬁlf%]thergodH&S&&PPéﬁé?taﬁdadgFE€P§aFﬁ8nv?%ﬁ¥R¥%ﬁ”%FhFhe
optical low pass filter 410. 137] The dri.vi ng el.ectrodes AF, the
sensor el ecP %a%eiﬁftﬁhﬁj ﬁQGBEOUh%ee1é%t?Qﬁﬁ§1§Bd5$ ZCHecTAC

e cohnected to the

pi ezoel ectric el ement flexible. printed-circuit Qo (ot
iIIustrated?l?Z?%QEﬁPPﬁiﬁéee gét?%ggg'A egggkgg h%%ﬁg"télﬁﬁethe

pi ezoel ect rggegégf@ Ar ieY%sllqgnEi7r4%l€5iat irlé‘ﬂud/é.satﬁg ti‘@zroie@gcgf'-ict: &ldhpeh

t he pi ezoel ectric el enent exi ble printed-circuit board. [0138] The

sensor el ectgode GF i s scapnecteskd 9ithecyibiald encdetect FaRtEEE £ithe
112 via the wiring pattern on the piezoelectric elenent flexible

printed-cireglktoboatekidBecgéound sebenidiede sSkhd srcomeetiedttodé he,
ground potential portion in the digital camera 100 via the wiring
pattern on the ¢itiezioe] etkrteoed eyenthe| sxiddre epechtede GEL ctuhe damand!.
[0139] The F side or the B side of piezoelectric nmenber 431
electrode SB, a driving electrode AB’, and a ground electrode
SB’ formed on the surface of the piezoelectric member 431.
[0142] The driving electrode AF, the driving electrode AB,
the sensor electrode SF, and the ground electrode SB illustrated
in Fig. 11B each function similarly as the driving electrode
AF, the driving electrode AB, the sensor electrode SF, and the
ground electrode SB illustrated in Fig. 7.
[0143] However, the driving electrode AF illustrated in Fig.
11B is different from the driving electrode AF illustrated in
Fig. 7, in that the driving electrode AF on the F side of the
piezoelectric member 431 is not divided into two by the sensor
electrode SF. In other words, the driving electrode AF formed
above the sensor electrode SF and the driving electrode AF
formed below the sensor electrode SF are connected in the left
side of the sensor electrode SF.
[0144] Similarly, the driving electrode AB formed above the
ground electrode SB and the driving electrode AB formed below

the ground electrode SB illustrated in Fig. 11B are connected

in the right side of the ground electrode SB. The driving
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in the piezoelectric element 6430a configured as described above is

stuck to the optical |lowpass filter 410 so that the I ong side of the

pi ezoel ectric elenment 6430a is parallel to one of the short sides

(i.e. one side) of the optical |owpass filter 410. [0140] The

pi ezoel ectric el enment 6430b is configured simlarly as the

pi ezoel ectric el ement 6430a. The F side or the B side of

pi ezoel ectric nmenber 431 in the piezoelectric elenent 6430b is stuck

to the opti edbctovdpdds dasitépngdoinothehati dtie sitdagosi Hee cframe

pi ezoel ectric el enent 6430b is parallel to the other short, side

(i.e., the BLRAGFrREYER 1 the drdptre slleronrpads reTiteongdoin the left

[0141]Fig. 11B illustrates a nodificatian, ex le of the, .

pi ezoel ect r ¢8I ehelte SPRECT ALY HTEE SsPdet™ Vi FBFZSGE?EEBET§EFPFEt

el ement 743 Referring .to Fig. 118, the pi.ezoelectric el.enent 7430a

i ncl udes thgaapﬁz%ﬁﬁeﬁﬁ '99%%?&%8? ﬁ%ﬁ?s%.%j%lééssfﬁgﬁgg%l%ﬁQ§r’

pi ezoel ectri r | I, Oa
il CO A b S L A TR A

i ncl udes the driving iving el ectrode

sensor el ectpeds) SF, plpengF 0Und. el e¢ELOME SBr i AcdLh¥hNG 48bCIIQER ng
AB', and a ground el ectrode SB' fornmed on the surface of the

pi ezoel ectriignaBNbeL Addned GAZhEhgedsbyidg: lreetr ateahl, tid1eyrdiindi Ng
el ectrode AB, the sensor electrode SF, and the ground el ectrode SB

il lustratedeiBcErgde KB i@ashdumeiddoni séatiadt lof asgt lelrlr i Yhaagensor

el ectrode AF, the driving el ectrode AB, the sensor el ectrode SF, and

t he ground ellectrode S$Bandl|tst gavedd iedeELgodd .SB including the leading
lines are formed on opposite sides to each other, sandwiching
the piezoelectric member 431 therebetween.
[0146] Further, the driving electrode AB’ formed on the F
side of the piezoelectric member 431 is electrically connected
to the driving electrode AB via a through-hole. Furthermore,
the ground electrode SB’ formed on the F side of the
piezoelectric member 431 is electrically connected to the
ground electrode SB via a through-hole.
[0147] According to the present modification example, the
driving electrode AF, the driving electrode AB, the sensor
electrode SF, and the ground electrode SB can be formed in the
region surrounded by a dotted-line square frame illustrated in
Fig. 11B. As a result, when the piezoelectric element 7430a
is connected to the piezoelectric element flexible
printed-circuit board (not illustrated), the flexible
printed-circuit board can be connected to all of the electrodes

in the dotted-line square frame.

[0148] Further, if the piezoelectric element 7430a is to be
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[ 0143] However, the driving electrode AF illustrated in Fig. 113 is
different fromthe driving el ectrode AF illustrated in Fig. 7, in
that the driving electrode AF on the F side of the piezoelectric
menber 431 is not divided into two by the sensor electrode SF. In

ot her words, the driving electrode AF forned above the sensor

el ectrode SF and the driving el ectrode AF forned bel ow the sensor

el ectrode SF are connected in the left side of the sensor el ectrode
SF. [0144] ScrPraftgd thehdr ifiergPer eet + vad AR fcgi freloabd viey tiHe gedund
el ectrode SB and the driving el ectrode AB fornmed bel ow the ground

el ectrode SBOPPFEST+A SPOTTFI §512932GF e WhrESteacenPeRECT T gite si de
of the ground electraode SB. The .driving L electrode_AS positioned in
Che 11 gt STHETHE L e Gt COsEhs B0 SIS Rt Ciie SUPFoPHGE e1eCrrolie
AF pOSition%chnaggg lift Rhge gévén%s§§£§%2t3£§g£{gqﬁa%%.é@iggeto

pi ezoel ectric &Fgnent 74308"ar posi 11 oned on opposite‘%i es to each

ot her, Sand@kgﬂkngnhhﬁgBE%%gFLSfééE&m#%@@eévéﬁﬁggﬂ9%&%g%@?@?iheat is

[ 0145] Further, in the piez ctric element eadi ng nes are

formed on the,3eBg0¢, lRCthadga Sh ahddhe sgreund £l echiodeeSB-ddk s
downward direction of Fig. 11B. fﬁe sensor el ectrode SF and the

ground el ecyeedeogBii ncluding the leading lines are fornmed on
opposite sides to each other, sandw ching the piezoel ectric nmenber
431 t herebetiaran] [ 0Fd46tkerhdwes, at bendkdvinig pelrecon odiechABhe f BrgrEch1@n
the F side of the piezoelectric menber 431 is electrically connected
to the drivipmgnékdctiode tABoara ast hroufbrrimsl en Ebet Beshde erf tie
ground el ectrode SB' fornmed on the F side of the piezoelectric nenber
431 is el ecPirearlyceormedeagnto’ 4 gr 8had elidet pbdédeSBigieekectric

t hr ough- hol e. , ,
element 7430a which is flat and even can thus be stuck to the

image sensor side surface of the optical low-pass filter 410.
As a result, adhesiveness of the piezoelectric element 7430a
is improved, so that vibration efficiency of the optical
low-pass filter 410 is also improved.

[0150] Fig. 11C illustrates a modification example of the
piezoelectric element, i.e., a three-sided view of a
piezoelectric element 8430a. Referring to Fig. 11C, the
piezoelectric element 8430a includes the piezoelectric member
431, i.e., a single-plate piezoelectric element. Further, the
piezoelectric element 8430a includes the driving electrode AF,
the sensor electrode SF, the ground electrode SB, and the ground
electrode SB’ formed on the surface of the piezoelectric member
431.

[0151] The driving electrode AF, the sensor electrode SF,
the ground electrode SB, and the ground electrode SB/

illustrated in Fig. 11C each function similarly as the driving
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[0147] According to the present nodification exanple, the driving
el ectrode AF, the driving el ectrode AB, the sensor el ectrode SF, and
the ground el ectrode SB can be fornmed in the region surrounded by a

dotted-line square frame illustrated in Fig. 118. As a result, when
t he piezoelectric elenment 7430a is connected to the piezoelectric
el ement flexible printed-circuit board (not illustrated), the

flexible printed-circuit board can be connected to all of the
el ectrodes EASEhECHOPFedly pensguatect Fade S OAuBPFarhel ecrFOEneB,
pi ezoel ectric element 7430a is to be connected to the flexible

print ed- ci r 80t ERBaFEPHRF tHECHEPIRonpr eSSt BH HdhRdi 1y B5¥ ng  ACF, the
di stance be the_thermal |l y- bonded. portion_ a he sensor

el ectrode S&gggﬁlbe Fﬂc?‘%§@§%oF e?ﬁﬁégﬁﬁﬁ§gﬁFsggﬁé aé?@?ig??cground
degradation _to occur in the se r_el ro F.eve ive
heat is appF.889f8g?H%§t‘%gﬁhﬁﬁégtéﬁaggi%oﬁﬁFgﬁfgﬁd@fﬁg§§|%%%%%ﬁg i's
destroyed. LA1dR) EUT LRAIIIORE. ;8 CONNRGILAG) POELLAN dMidhiRal Neard X1 10Ice
printed-circuit board is not formed on the B side of the

pi ezoel ectriig &l,ef®Nn {43081 dther Braide oki1ther pk azasteatni c miamm,
7430a which is flat and even can thus be stuck to the inmage sensor

si de surfacenef gtben@pdi&alrddewspassothbd esn 4Hd FASider 88Utls

adhesi veness of the piezoelectric element 7430a is inproved, so that
vi brati on eblieebeneytoic tirenapt i46al ikowk pasisiddllltyercodtbBctsd atsahe

i nproved. [0150]Fig. 110 illustrates a nodification exanple of the
pi ezoel ect rigeoghénehtctiods SEa vtilr eetbideghviale .of a piezoel ectric
el ement 8430a. Referring to Fig. 110, the piezoelectric el enent 8430a
i ncl udes thd03Béioel écepréinenpertie3prepent medifhifgitdopl gkample, the
pi ezoel ectric el ement. Further, the piezoelectric elenent 8430a

30
i ncl udes t hETdFiPP Yl e @I%ae: A SRBSSENTTCT8EL P bdTSFRE HEr ound
ground el ect rode SB, d the ground electrode SB' formed gn. the
surface of Fﬁ?ch8§%e§€c???g“hé%ﬁ@Fd4éT.ET%I%TT%H%S&f?@?ﬂge%ﬂgéﬁ?gﬁe
AF, the Sen%%%t%hgggﬁgdgﬁégée frame.

[0154] With such a configuration, a similar effect as that

in the modification example illustrated in Fig. 11B can be

obtained.

[0155] A second embodiment of the present invention will be
described in detail below with reference to the drawings.
According to the above-described first embodiment, the
traveling wave which travels in the long side direction of the
optical low-pass filter 410 is generated in the optical low-pass
filter 410. In contrast, according to the second embodiment,
a stationary wave is generated in the long side direction of
the optical low-pass filter 410, i.e., in the direction
perpendicular to the short sides of the optical low-pass filter

410 to which the piezoelectric elements 430a and 430b are stuck.
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the ground el ectrode SB, and the ground electrode SB' illustrated in
Fig. 110 each function simlarly as the driving electrode AF, the
sensor el ectrode SF, the ground el ectrode SB, and the ground

el ectrode SB' illustrated in Fig. 11B. [0152]1n the piezoelectric
el ement 8430a, only the ground electrode SE to be electrically
connected to the ground potential portion (i.e., a ground) of the
digital canmera 100 is fornmed on the B side of the piezoelectric
menber 431. TRgr fheetiemel grorguekéérrode S8 disrimed earehe P &iide of
t he piezoelectric menber 431 is electrically connected to the ground
el ectrode SBifia2a FArbiyHirske dipgtsn] Attt didg d7t RéIpresettd the
nodi fication exanple, the _driving electro AF, the sensor el ectrode
SE- and t he SGTOaHRERHECE P dd ST D Ao DAREA S AT g g bl oo
surrounded g% t he gottedrlin sgyare 5raneF.#0%§4]VWth such a

confi gurati GRZSESFM T af B rect™>ad °CRAt ' n" e “odi fi cation exanpl e

i||UStrated[bESEhg' %%%f??Q%QQxQQthgﬁguﬂhp%ﬁéké&ﬁgﬁgpQh%angQ{gngJﬁ

t he present ‘invention

wave is generated in the long side direction of the optical
low-pass filter 410. The foreign substance is then flicked out
in the normal direction and removed.

[0157] Fig. 12 is a graph illustrating the relationship
between the frequency and the amplitude of the two stationary
waves excited in the optical low-pass filter according to the
present embodiment. Referring to Fig. 12, the bending
vibration in the mth-order vibration mode is excited at a
frequency indicated as f(m), and the bending vibration in the
(m + 1)th-order vibration mode is excited at a frequency
indicated as f£(m + 1).

[0158] If the frequencies of the voltages to be applied to
each of the piezoelectric elements 430a and 430b are then set
to £f(m) and £(m + 1) respectively, both the resonance geperated
in the bending vibrations in the mth-order vibration mode and
the (m + 1)th-order wvibration mode can be used.

[0159] Figs. 13A and 13B illustrate waveforms generated in
the mth-order vibration mode and the (m + 1)th-order vibration
mode when m is an odd number, and the voltages to be applied
to the piezoelectric elements 430a and 430b. Referringto Figs.
132 and 13B, a case where m = 9 is illustrated as an example

of mas an odd number. Fig. 13Aillustrates the optical low-pass
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described in detail below wth reference to the draw ngs. According
to the above-described first enbodinent, the traveling wave which
travels in the long side direction of the optical |owpass filter 410
is generated in the optical |owpass filter 410. In contrast,
according to the second enbodi nent, a stationary wave is generated in
the long side direction of the optical |owpass filter 410, i.e., in
the direction perpendicular to the short sides of the optical

| ow pass fi Ftérerd 14 d gswhieted He i ERoedetq Gifc tBE eheht £14304 and T430b
are stuck. The functional configuration of the digital canera 100 is
similar to PheZBPERKTicagranenis usideated 11 Frge 1tudhdo e surface

configuration of the.i ing unit _400 is_ simlar to the expl oded

per spect i ve°Vi & iOPFbggfgltoégﬁaﬁstjgl.tef. 4%@1 lA’cgcfigaiW&gceog?%%or 33.
present enbaqdi t, the statiqnary wa IS nerat.ed in the |an i_de
di rection o?g?ggPoptkgg?r¥ﬂﬁipé§§¥9TIgg?’4i%?L?ﬁgjggrgggﬁog% srgﬁ%g

5 then 11 gkad aute ho Lbes orrel, disiection.and. Lommuad. (JPI7LE o

12 is a grap ustrating i ons et ween t requency and

the anplitude,.9f jthe Lwosstathonank-Waves eXed hedqldt ddher eBki Glical
| ow- pass filter according to the present enbodinent. Referring to

Fig. 12, theohepdiag;vicbrali®nn fhd RRnbk AgOFidala thichr 8t ic@RhMROe dtS on
excited at a frequency indicated as f(n), and the bending vibration
in the (m +mdjth-order vibration node is excited at a frequency
indicated as f(m+ 1). [0158]1f the frequencies of the voltages to be
applied to dadkipf tRegpiletoel bettriatas eheringld80de amd Y395 ime eohtasen
set to f(m and f(m+ 1) respectively, both the resonance generated
in the bendicfigtiebpbt¢orsting tvied tAphs orpleFied BraatthenPipdec et tife (m
+ 1)th-order vibration node can be used. [0159]Figs. 13A and 13B .
illustrate ﬁé@@ﬁ@Fﬁs“ﬁEhéV%&éaOPnfor exciting the bending vibration in

each vibration mode, expressed in terms of real and imaginary
components. Referring to Fig. 13B, row (1) indicates the
alternating voltage applied for exciting the bending vibration
in the mth-order vibration mode, and row (2) indicates the
alternating voltage applied for exciting the bending vibration
in the (m + 1)th-order vibration mode.

[0162] The voltage applied for exciting the bending
vibration in each vibration mode is normalized by the amplitude
of the bending vibration in the mth-order vibration mode when
an amplitude ratio of the bending vibrations in the mth-order
vibration mode and the {(m + 1)th-order vibration mode is A :
1. As a result, the same amplitude is acquired for the two
vibration modes.

[0163] Two stationary waves of different orders are then
generated in the long side direction of the optical low-pass

filter 410 by alternately applying the application voltages
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the nth-order vibration node and the (m+ 1)th-order vibration node

when mis an odd nunber, and the voltages to be applied to the

pi ezoel ectric elenents 430a and 430b. Referring to Figs. 13A and 13B,

a case where m= 9 is illustrated as an exanple of mas an odd nunber
Fig. 13Aillustrates the optical |owpass filter 410 as vi ewed

fromthe side of the main mrror 6. The piezoelectric elenents 430a

and 430b are stuck to the surface of the optical |owpass filter 410

facing the indgeasehssrr3s. (1) [FIBOPVREA) eﬁﬁﬁﬁgt%tq:? gD Hign 13B. More

plurality of nodes in the | ong side direction of the |ezoelectr|c

el ement 4305365e§%c%&1%qéa?“i éF@Ef%n??VﬁﬁeedV?gﬁ??ﬁ C <t ﬁWﬁ?q%ﬁhﬁg

side of the optlcal ass f||t 410 endi n V|brat|on

each vi br at F-8n-HodBE l‘[: gﬂ”FPﬁSS G915 ﬂjs(?rtg?g% élga%bl—fIfattuld’é1 Jarﬁ& the
time phase of the alternati.ng voltages Lied t i ezoel ectric
el ements 43057aRG %306 ot &xci Fﬁgg & % ?F%?ed%VbEE?an in each

vi bration ggegm_?xpr%gsse%%n'dnsé fcyat sl i@ Qﬁeh%%gﬂe'ggﬂéd 9@9&%&%

Ref erring 13 rom1( ternating volta

appl i ed for gxchiiig, b?b?§£‘%r‘i‘gnvt9é atd oM 'ﬂhloti‘%{em\hiwéiﬁronvfn@cﬁ@ta'ton
node, and row (2) indicates the alternatlng vol tage applied for

exci ting tthlaelﬂQéa@ervqbria(tm on 1)n tie {Mernbxihyopderorihiatinen node.
[0162] The vol tage applied for exciting t he bending vibration in each
vi brati on nadeviesdascnabezpdobysdde, anplfotuden glibthenbendhaged to the
vibration in the nth-order vibration node when an anplitude ratio of
t he bendi ng svirtfrati ehshienophecat h-cor-des sviblad dA Onode endlihked mue
1)th-order vibration node is A: 1. As a result, the sane anplitude
i's acquiredaher rehevedo vi bration nodes. [0163] Two stationary waves

of different orders are then generated in the |long side direction of
the optical [03%5 éassTf”PI%*@tWrByW%‘T?SeWHéF%Ia;FeaM@ﬁrr?@ g one order

appllcatlona%%lgggs generated in the optical low-pass filter 410. As a
result, if the foreign substance is adhered to the node of the
first stationary wave, the foreign substance can be removed by
vibrating the optical low-pass filter 410 using the second
stationary wave. In other words, if adjacent order vibration
modes having an odd number of nodes and an even number of nodes
respectively are used, the nodes appear at different positions,
so that the foreign substance can be more efficiently removed.
[0166] Further, the number of stationary waves to be used
is not limited to two. For example, three stationary waves of
adjacent orders, such as of frequencies f(m), f(m+ 1), and f(m
+ 2) may be alternately generated, or other numbers of
stationary waves may be alternately generated.

[0167] Fig. 14 illustrates the state in which the B sides
of the piezoelectric elements 430a and 430b are stuck to the

image sensor side surface of the optical low-pass filter 410,
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indicated in row (1) and row (2) illustrated in Fig. 133. Mre
specifically, a first stationary wave is generated by exciting in the
optical low pass filter 410 the bending vibration in the mh-order

vi bration node at the frequency f(n). [0164] A second stationary wave
is then generated by exciting the bending vibration in the (m+

14t h-order vibration node at the frequency f(m+ 1). By alternately
perform ng the above-descri bed processes , the foreign substance
adhered to BRevsevédceraf thiee ivpopca¢nsonw-pass filter 410 can be
flicked out and renoved. [0165] Two stationary waves which _are

di fferent byO3A8lor dBefarelnhie Hherldr eths RiERecbpEieid clehepadsla
filter 410. As a result, if the foreign substance is adhered to the

node of thelfi FEECKtER ithRaPythede, L& St i yhesubst &hcEnghntife Long
db I, ti t tical | fil 41 i t he, . d

Ceationary Yade Liffksnar Noradted LRI Rak: obrthg BTt it rbage

havi d d . d

Fospoct vel v s e nEL ¢ (B BBAEE LR TPEL: O R e Yenath o7

that the forej - fi-ci | A& (1€ :
e R | ner R PR S P BRI, SR SR o1

limted to LWoa1FOs5 @X¥ATBhE:h tdY @BSERLIONAIY WaVES QbtadhaCE-pass

orders, such as of frequencies f(m, f(m 1), and f(m+ 2) may be

al ternatel y rgenerated, or other nunbers of stationary waves nay be

alternately generated.
[0169] Further, as illustrated in Fig. 14, the piezoelectric
element 430b is stuck to the optical low-pass filter 410 so that
the long side thereof is disposed along the other short side
(i.e., the other side) of the optical low-pass filter 410. The
length of the long side of the piezoelectric element 430b is
approximately equal to the length of the short side of the
optical low-pass filter 410.
[0170] Furthermore, Fig. 14 illustrates a schematic diagram
of the bending vibration in the vibration mode at frequency £ (m) .
Fig. 14 illustrates only the optical low-pass filter 410, and
the piezoelectric elements 430a and 430b, as viewed from the
image sensor side. The shaded area indicates the optical
effective area through which the incident imaging light flux
of the digital camera 100 passes. Further, Fig. 14 illustrates
a case where m = 9 as an example of m being an odd number.
[0171] As illustrated in Fig. 14, the stationary wave is
excited in the long side direction of the optical low-pass

filter 410, i.e., the direction perpendicular to the short side

of the optical low pass filter 410 to which the piezoelectric
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[0167]Fig. 14 illustrates the state in which the B sides of the

pi ezoel ectric el enents 430a and 430b are stuck to the inmage sensor
side surface of the optical |owpass filter 410, as viewed fromthe
i mge sensor side. [0168] Referring to Fig. 14, the piezoelectric

el ement 430a is stuck to the optical |lowpass filter 410 so that the
| ong side thereof is disposed along one of the short sides (i.e., one
side) of the optical |lowpass filter 410. The length of the |Iong side
of the piezeékrehtsciddd emehtéAB0aressappk oxd maffekydegted ltigeshe

| ength of the short side of the optical |owpass filter 410.

[ 0169] Furt hédluasratedisin dtleg ilf Fhgicate thre qidesoelfeEhei exel@fent
430b is stuck to the optical |lowpass filter 410 so that the |ong

si de t her eoftR§1aN8pHSERNA ong the ot her short side (i.e., the other

side) of the optical |owpass filter 410. The | ength of the Iong ﬁjde
of the piezé@ﬂgggriCTQFeﬁ%ﬁﬁt7ﬁﬁﬂ?ﬁ §Lahh oI hiPery L 8IS PG thet the

length of the short si f_th i cal filter. 410,
[0190] Fur t nATRBFo2 B o~ 14 117 gLt &P 6o B SehbmRll Eiadh o bi*1he

e 9,1 D 0y 4 L SR (8 e

pi ezoel ectr iw%ggeljlegr@é;tb%, 4308 And 4300 185 4\d i€ed: fdamdhecddRae sangor

side. The sha area indicates the optical effective area through
whi ch the ing deateivmmgiordeki ohit ifdndxyofaddgedibghtad i¢anes anb@@ side

passes. Further, Fig. 14 illustrates a case where m= 9 as an exanpl e

of m bei ng anreddibdnbe&tomes much smaller than the amplitude of the
stationary wave generated in the long side direction. When the
stationary wave is to be generated in the long side direction,
the amplitude thereof is thus hardly changed by the amplitude
of the first-order stationary wave generated in the short side
direction.
[0173] The stationary wave generated in the long side
direction of the optical low pass filter 410 is reflected at
the long side edge of the optical low pass filter 410, i.e.,
the edges of the optical low pass filter 410 to which the
pilezoelectric elements 430a and 430b are not stuck.
[0174] The reflection wave generated at the long side edges
of the optical low pass filter 410 interferes with the
stationary wave generated in the long side direction of the
optical low pass filter 410. Such interference generates
unevenness in the size of the amplitude of the stationary wave
in the vicinity of the long side edges of the optical low pass
filter 410. Further, the interference generates a vibration

whose phase is different from that of the stationary wave.
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[0171] As illustrated in Fig. 14, the stationary wave is excited in
the long side direction of the optical |owpass filter 410, i.e., the
direction perpendicular to the short side of the optical |ow pass
filter 410 to which the piezoelectric elenments 430 and 430b are
stuck to. The dotted lines illustrated in Fig. 14 indicate the nodes
of the excited stationary wave. [0172] The first-order stationary wave
is generated in the short side direction of the optical |ow pass
filter 410, [8LM$] ar| ¥s asresulte iffi tise senbodiatenttroHevigy ép,padfitdoned
stationary wave is to be generated in the |long side direction, the
anpl i tude ofintHee fillcdnisrdef Hicatirpaasidav@deegendi egtifatl h@"él@éﬁ?
side direction becones nuch smaller than the anplitude of th
stationary Wwaveegehktatdg Fﬁn¥?ﬁaQ%ﬁﬂ§?§ﬁ8esﬂlQ%RﬁqtoﬁCCV%%ﬁﬁ¥¥ugeteCt
stationary wave is to be generated in the |long side directi.on, %
anpl i t ude tﬁe?é&ﬁﬁlgnﬁﬁwwﬂ?@e%@%ﬁﬂgéﬂ%% A THERE ot fie the

first-order atl r mave %zneraé§€ in the short side direction.
[0173] The 398 i 6h € Sgéhér&fed’?n the long side direction of the

optical |owpags fil sra410 SBcpelgaiadeat (Lhelong side, edgesh the

opti cal IOM/pass fil 3ﬁk? “he optica W pass

filter 410 yqg Tﬁ’f‘é&!ﬂ 4%% Qk@@&l&@%' enelgimnts 4303, A0d r430b-ar | net

stuck. [0174 reflection wave generated at the l'ong side edges of

the optical thaw fassokidiekeAdOridtardeues v tik bhei statdonatyinavne
generated in the long side direction of the optical |ow pass filter

410. Such i rhegtereore genesatestaitgwenssss inntidhehstzeiak dheection
anplitude of the stationary wave in the vicinity of the |ong side
edges of thefophé caltikew paspabisl fertedd@10Furitrerangbeld nheiferendy
generates a vibration whose phase is different fromthat of the
stationary waverrow L illustrated in Fig. 14.
[0177] According to the present embodiment, the sensor
electrode SF is positioned on the central axis in the short side
direction of the optical low pass filter 410. The effect of
the reflection wave generated at the long side edges of the
optical low pass filter 410 can thus be minimized.
[0178] The sensor electrode SF may be of any size as long
as the output voltage of the sensor electrode SF is sufficiently
larger than the noise level. Since the driving electrode AF
is an electrode for exciting the vibration in the optical
low-pass filter 410, it is desirable to form the driving
electrode AF as large as possible.
[0179] As described above, the first and second embodiments
are different only in the types of vibration generated in the
long side direction of the optical low-pass filter 410. The

various modification examples described according to the first

embodiment may thus be similarly implemented in the second
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[0175] As a result, if the sensor electrode SF is positioned in the
vicinity of the long side edge of the optical |ow pass filter 410,
the sensor el ectrode SF cannot accurately detect the stationary wave
generated in the long-side direction of the optical |ow pass filter
410. [0176] To avoid such a problem the piezoelectric elenents 430a
and 430b are stuck to the optical |low pass filter 410 so that each of
the sensor electrodes SF is positioned within the range of the
optical effesbedénaprea in the short side direction of the optical |ow
pass filter 410. The range is indicated by an arrow L illustrated in
Fig. 14. [0177] According to the present enbodinent, the sensor

el ectrode SE i ositioned. o e t th hort
dichtion oﬁoﬁﬁg optﬁc % mﬁﬁg ‘%ﬁ??é$°ﬂ€ ?ﬂgj¥ﬁ$%§§é§ﬁl§$ﬁptlon
reflection wa erated de. h t

pass filter Zﬁg °t rf:b dg mdgelecr%lge lsolw[ %?e%ﬁegéngS%el & Wln

SF may be of %@¥d§k§%OQ§ul?QQY951453%$§§%%%]éﬁ@ééﬁ?ﬁf%& Eth§§9§P€age

el ectrode S i's sufficient arger than the noi eve Si nce the

driving el egty ode Ay i It% £ %@Cﬁ{@%f&kﬁ@&éﬂ&w%%%ﬁ 480bi Nso
the optical lowpass filter 410, it is desirable to formthe dr|V|ng

el ectrode Akras {4 9€a 8800085 1IB € 1 5[ A s eht hethgaboxedi tdetion
first and second enbodi nents

of the optical low-pass filter 410. In contrast, according to
the third embodiment, the stationary wave is generated in the
long side direction of the optical low-pass filter 410 by
applyinglthe voltage to one piezoelectric element 430a. The
third embodiment is thus different from the second embodiment
in that the third embodiment does not include the piezoelectric
element 430b which is stuck to the optical low-pass filter 410
according to the second embodiment.

[0181] Fig. 15 illustrates the state in which the B side of
the piezoelectric elements 430a is stuck to the image sensor
side surface of the optical low-pass filter 410, as viewed from
the image sensor side. Referring to Fig. 15, the piezoelectric
element 430a is stuck to the optical low-pass filter 410 so that
the long side thereof is disposed along one of the short sides
(i.e., one side) of the optical low-pass filter 410. The length
of the long side of the piezoelectric element 430a is
approximately equal to the length of the short side of the
optical low-pass filter 410,

[0182] Further, Fig. 15 illustrates a schematic diagram of

the bending vibration in the vibration mode at frequency f (m).
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are different only in the types of vibration generated in the |ong
side direction of the optical |low pass filter 410. The various

nodi fi cati on exanpl es descri bed according to the first enbodi nent nmay
thus be simlarly inplenented in the second enbodinment. [0180] A
third enbodi mrent according to the present invention will be described
in detail belowwth reference to the draw ngs. According to the
above-descri bed second enbodi nent, the voltage is applied to the two
pi ezoel ect r iFégel Ehehntls1 A3BE&canen4BOBe §@tﬂﬁag ot ifdhhey el énids
generated in the long side direction of the optical |owpass filter
410. |In confP&Rie ARG TETERE ﬁﬁar'da%ﬁ’ﬁ@d’ieﬁe?ﬁom the lg‘taﬁialsc?ﬁ]asro)?

wave is generated |n t he Ion side direction of the opt ass
filter 410 By%&ppl enﬁhlaﬁl@dv ?%gjen‘%ocao &88%‘&?% R C&ﬁé(ﬁt 30a.
The third enbodi thus different from ecaond [ t
that the thln?l n%ntthﬁoegcﬁ% B nddE %t he p?egloe e%?rpﬁ(g OVeqeqrﬁear%

430b which ig gég n{;d $8ed hocoptical s pass f1JLek 410 aceording i o

the second e ustrates the state in

the B side of jthe,pbezRel el inf vehia Qﬁsoé@%nlb%rstuck to the Image
sensor side surface of the optical lowpass filter 410, as viewed

fromthe i mg@ag3¢nsonssideusRef@dd iing ftig.Fig, 485 dtheipinezgelecéric
el ement 430a is stuck to the optical |owpass filter 410 so that the

| ong side t kereakdi sndtisposety alidrgdonecofon hef sher bpsiides [dw-enassone
side) of the optical |owpass filter 410. The length of the |ong side
of the piezdelleetrrild el ementth43lade iappoxiaratieiy asquatht ghrne side

| ength of the short side of the optical |ow pass filter 410.

[0182] Fur t hext, theertizdll Lastpaned idtsehthhttiocwhi alyridia Bf cEnel 4edicng

vibration in _the vibration node at frequency f(m.
element 430a is stuck to. The dotted line illustrated in Fig.

14 indicates the nodes of the stationary wave.

[0184] The stationary wave generated in the long side
direction of the optical low pass filter 410 is reflected at
the long side edges of the optical lowpass filter 410, similarly
as in the second embodiment. The reflection wave generated at
the long side edges of the optical lowpass filter 410 interferes
with the stationary wave generated in the long side direction
of the optical low pass filter 410.

[0185] According to the third embodiment, the piezoelectric
element 430a is stuck to the optical low pass filter 410 so that
the sensor electrode SF is positioned within the range of the
optical effective area in the short side direction of the
optical low pass filter 410.

[0186] According to the present embodiment, the sensor
electrode SF is positioned on the central axis in the short side

direction of the optical low pass filter 410. The effect of
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Fig. 15 illustrates only the optical |owpass filter 410 and the

pi ezoel ectric el ement 430a, as viewed fromthe image sensor side. The
shaded area indicates the optical effective area through which the
incident imaging light flux of the digital canmera passes. Further,
Fig. 15 illustrates a case where m= 9 as an exanple of m being an
odd nunber. [0183]As illustrated in Fig. 15, the stationary wave is
excited in the long side direction of the optical |ow pass filter

410, i.e., the aﬁfg%@fw pESe AENEGREPA LR tHE JREFt SéfgecdIet IR the

optical low pass filter 410 tq which_the piezoel ectric.el enent 430a
is stuck toCPFRE2YotPePaThe ilitrast &t e i My %.e T&nil%f‘%‘gt es the

des of th i e. [0184] The stat| ted |
The. Tong si GBLRT) oot FBR B LR BPLICal T o PHObC P Lol it ton

ect pass™ fi I's

) ECLE o I DB SO L e ) LR L o

S S no% I
simlarly as”in the se ect1on wave generated

at the |ong_sidesedges ofe ta@%vgpaggééigéaéveﬂﬁééiﬁéﬁesqr tﬁé@i@b@%%ﬂ%ﬁﬁ%

S
with the stationary wave generated in the long side direction of the

optical |oweRassehiild grqubkdz HO18BI Ackrdbngrd 0 tbaetBi| drnenhodiment ,
the piezoelectric elenment 430a is stuck to the optical |ow pass

filter 410 @ thabitber sensor pehestiioger Skni sepasi dioned whd hap e

range of the optical effective area in the short side direction of

t he opti cal beowipassn filcbered 10ruft0E86] Ace oridimg ito hae ber esented in

enbodi ment, the sensor electrode SF is positioned on the central axis

in the shortthsi detical low-pass filter formed by bonding together the
birefringent plate, the phase plate, and the infrared cut filter,
or in a single infrared cut filter. Furthermore, the vibration
may be generated in a single glass plate disposed in front of
the birefringent plate.
[0188] According to the above-—described embodiments, the
present invention is applied to the digital camera. However,
the present invention can be applied to optical apparatuses such
as a liguid crystal projector. In such a case, if foreign
substances such as dust are adhered to the surface of the optical
member in a projection optical system, a shadow of the foreign
substances also become projected. The configuration similar
to the above-described embodiments can thus be applied.
[0189] While the present invention has been described with

reference to embodiments, it is to be understood that the

invention is defined by the following claims.
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direction of the optical |ow pass filter 410. The effect of the
reflection wave generated at the | ong side edges of the optical |ow
pass filter 410 can thus be mnimzed. [0187] The optical nenber
according to the present invention is not limted to the optical

| ow pass filter 410. Further, according to the above-descri bed

enbodi nents, the vibration is excited in a quartz birefringent plate.
However, the material of the birefringent plate is not limted to
quartz, and may al so be |ithi uHHATobat eCARR Hér:, the vi bration may
be excited in the optical |owpass filter formed by bondi ng toget her
the birefringent plate, the phase plate, and the infrared cut filter,
or in a single |nfrar cut gter Furt her the vipration my be

d
generated in a sindt %ﬂ%%%? SP Fgaﬂ?%pﬁﬁ%ﬂ’qﬁ”ﬁﬁ&nfo%?r{?ﬁp
bi refringent plate ko 8§Jquord Qﬁ_the ove descr i

ed
enbodi nents, the prese |nven?|on s a BFI 16 t?@f%fa’ Pthtéﬁ%fg

However , th?s%%éﬂy %\Vxe%th' @dcéﬂdbﬁI% %Fl' C%%%af@%f@@?ﬁéta%%s

such as a ICIUI pr oJ ect or n SUC orel gn

subst ances %H%haa§19H§tfﬁﬁﬁt%ﬂ@%%@dth90&§@ §¥ﬁ£ﬁﬁeaﬁh the optica
menber in a projection optical system a shadow of the foreign

subst ances al so becangipt et esded.c Bhercanf i goradian Sigliezae1tecthe
above-descri bed enbodi ments can thus be applied. [0189] Wil e the

present i nveainben, hasl heeni dase eillked ratit hanefesenser ted cenbode nBningd
it is to be understood that the invention is defined by the follow ng
cl ai ns. on a surface of the piezoelectric member,
wherein the piezoelectric element is stuck to a surface
of the optical member outside the optical effective area and
along one side of the optical member, and
wherein the sensor electrode is formed on the surface
of the piezoelectric member to be positioned within a range of

the optical effective area in a side direction of the optical

member to which the piezocelectric element is stuck.

2. The foreign substance removal unit according to claim
1, wherein the sensor electrode is formed on a surface of the
piezoelectric member to be positioned on a central axis in a
side direction of the optical member to which the piezoelectric

element is stuck.

3. The foreign substance removal unit according to claim
1, whereina plurality of driving electrodes is formed on a first
surface of the piezcoelectric member, and

wherein the sensor electrode is formed between the
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VWHAT IS CLAI MED | S: 1. A foreign substance renoval unit

conpri si ng: an optical nenber, disposed in an optical path,
whi ch is rectangul ar-shaped and in which an optical effective area
for alight flux to pass through is set; and a

pi ezoel ectric el enment including a piezoelectric nmenber, and a driving
el ectrode and a sensor electrode fornmed on a surface of the

pi ezoel ectri c nmenber, wherein the piezoelectric elenent is
stuck to a surface of the optical nenber outside the optical
effective areguaadia) @tgconeirs deecfrdibe @ptiheatismnbersacands the
wherein the sensor electrode is forned on the surface of the

pi ezoel ectri criameheecid cheepssi-ti oned within a range of the optical
effective area in a side direction of the optical nmenber to which the
pi ezoel ectric element is stuck. 2. The foreign substance

removal unit accordifg £Q-Gloal Mpkaherehn, J1ihen 560808 -£heCly ode d s
formed on a surface of the piezoelectric nenber to be poSitioned on a

central axis inwaesdidetih peetodrecatit hacnpii eativmnberchtosani et he
pi ezoel ectric elenent is stuck. 3. The foreign substance
renoval unit adésrdaging eikuanien apber epernd Penfiapitipraf iy VRIS%y

el ectrodes is f(gégg% %g(ﬁg%%rst §ur£?%e O%t%h?igéggoejgpgﬁjga lor;per,

and wherein t HESSRKES % FEde tF L FRT 1Rt TRer e n T He ¢ !
and whose order is different by one from the first bending
vibration, to generate a traveling wave that travels in a
direction perpendicular to a side of the optical member to which

the plezoelectric element is stuck.
5. The foreign substance removal unit according to claim

wherein the piezoelectric element excites a first
bending vibration to generate a first stationary wave in a
direction perpendicular to a side of the optical member to which
the piezoelectric element is stuck, and

wherein the piezoelectric element excites a second
bending vibration whose order is different by one from the first
bending vibration, to generate a second stationary wave in a
direction perpendicular to a side of the optical member to which

the piezoelectric element is stuck.

6. A foreign substance removal unit comprising:
an optical member, disposed in an optical path, which

is rectangular-shaped and in which an optical effective area
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plurality of driving electrodes on the first surface of the

pi ezoel ectri c nenber. 4. The foreign substance renoval unit
according to claiml1l, wherein the piezoelectric elenent excites at
the sane tinme a first bending vibration and a second bendi ng

vi bration whose tinme phase is different fromthat of the first
bendi ng vi bration, and whose order is different by one fromthe first
bendi ng vibration, to generate a traveling wave that travels in a
direction péPpenditatarf ¥ux FsiP@ésofNEpeddpts At/ méRBer to which the

pi ezoel ectric elenment is stuck. . 5. The forejgn substanﬁe r enoval
unit according to cPaPhfioelectric eleggafelACt I%?é%é@@é@? pgtric

I t it first di i bration t t first
stati onary VST H°Hrr G6t T BFP SerpndrcUlal to-a o1 dg oo roae formed

oftheoptica%gpgbgﬁ%g%Q%?{?t%géﬁﬁﬂgéggag§££ig £elenent is stuck, and

wherein the "pi ezoe e ntexcrtes a second bendi ng vi bration
whose order is different;hy ane Srdhe:tidisthhend pg,vi bratdonsado

generate a second stationary wave in a direction perpendicular to a

side of the gpthealptRiench@evhbehsidie tpiezpel 851 rd CreRlt@RBNErés and
stuck. 6. A foreign substance renoval unit conprising: an optical

menber, di spased bAeayi @ptéTalnPaiphicuhi sbmbésr r egicangul ar - shaped and
in which an optical effective area for a light flux to pass through
is set; and wheaepheZoelseatpr cclelmente indoudiedgora the surface
pi ezoel ectric nmenber, and a driving electrode and a sensor el ectrode
formed on acfurlicpéeode tdwet picerevtact e be pasifaoned between a plurality

of nodes of a vibration generated in a side direction of the

optical member to which the piezoelectric element is stuck.

7. The foreign substance removal unit according to claim
6, wherein the sensor electrode is formed on a surface of the
piezoelectric member to be positioned on a central axis in a
side direction of the optical member to which the piezoelectric

element is stuck.

8. The foreign substance removal unit according to claim

6, wherein a plurality of driving electrodes is formed on a first
surface of the piezoelectric member, and

wherein the sensor electrode is formed between the

plurality of driving electrodes on the first surface of the

piezoelectric member.

9. The foreign substance removal unit according to claim

6, wherein the piezoelectric element excites at the same time
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wherein the piezoelectric element is stuck to a surface of the
optical nenber outside the optical effective area and al ong one side
of the optical nenber, and wherein the sensor electrode is
formed on the surface of the piezoelectric nenber to be positioned
between a plurality of nodes of a vibration generated in a side
direction of the optical nenber to which the piezoelectric elenment is
st uck. 7. The foreign substance renoval unit according to claim
6, wherein the sensor electrode is formed on a surface of the

pi ezoel ect ri c aneimserbandibe vpbsaticaned arecactebtndlngaxits-atthoa wibske
direction of the optical menber to which the piezoelectric elenent is
st uck. gimqReafot eP§R SepStfane e reRb AR UAPE PEREBTIUT FF2E6°% ai m
6, wherein a plurality of driving electrodes is for on .a first
Surface of +harg Bt elien o ranefoRL Ry oRE 45n RIR AN B hEL cor
el ectrode is f,orrpd het weepnthe Plaueplidi¥nfwdld ¥hhg ghegtd qdes on
the first surface of the piezoelectric nenber. 9. The foreign
subst ance r enpyatciinintpeapentidiuigr tto ac$aiem Brharbetrigial rtehiber to which

pi ezoel ectric elenent excites at the sanme tine a first bending

vi bration and t8® s¥EERa pEdicngl iBrat ¥ ot fhose time phase is
different fromthat of the first bending vibration, and whose order
is different by one fromthe first bending vibration, to generate a
traveling wave thaj, teavebseigh dudicbs6d koRoRArRandicidraing 0o 18ide of
the optical menber to which the piezoelectric elenent is stuck.

10. The forei gn substance renoval unit according to claim®6,

wherein the piezoelectric elenment excites a first bending vibration
to generate a first SUSFPORMATY REACSHACH i FEBTT YN SPet Féndi EWr toa

side of the opLigaly WAPE: Lo GRLOE P21 RGLELE S GIRN A1 §

stuck, and
direction perpendicular to a side of the optical member to which

the piezoelectric element is stuck, and

wherein the piezoelectric element excites a second
bending vibration whose order is different by one from the first
bending vibration, to generate a second stationary wave in a
direction perpendicular to a side of the optical member to which

the piezoelectric element is stuck.

11. The foreign substance removal unit according to claim
6, wherein a size of the optical member is set so that the
plurality of nodes is generated outside the optical effective

area.

12. An optical apparatus including a foreign substance
removal unit, the apparatus comprising:

an optical member, disposed in an optical path, which
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wherein the piezoelectric el enment excites a second bending vibration
whose order is different by one fromthe first bending vibration, to
generate a second stationary wave in a direction perpendicular to a
side of the optical menber to which the piezoelectric elenent is
st uck. 11. The foreign substance renoval unit according to
claim6, wherein a size of the optical nenber is set so that the

plurality of nodes is generated outsjide the optical effective area.
12. An opti ¢al TR RLGE THEPGL FEF &1 O GnoUBRLE de ST EROVATS (TR,

t he apparatus_conprising: an optical, nenber, di sposed in an optical
pat h, mhichgéfsaggﬁgg%ggwﬁﬁ?§h§655 g%ﬁ?@%EWHﬁéﬁﬁéna8gtical effective
area for a light 1l 'ﬁxpg.gz?g%escgﬂrc()%qgmleﬁts§{1él%qd a piezoel@ctric

pi ezoel ectric el ement i ncludi hg a piezoelectric el °4Rd " a riving

el ectrode aRQmBe%EQﬁQIae&§£$£ﬂg%ﬁ%QEngeQﬂmﬁasgéﬁg&ﬁeﬁ%p%?gde formed

pi ezoel ectric nenber, erei'n the piezoelectric elenent is

stuck to a surftagereicd her apld ¢ak-BEMbEE r PUtddR L he opti cal
effective area and al ong one side of the optical nenber, and

wherein the sensor @heetinde@els Samedtonctdienrsurfiacecwik tbe surface
pi ezoel ectric nenber to be positioned within a range of the optical
effecti ve an€atha epsicd diembeti ont 0fdd hbeoppttadl neifeetive ahextariche
pi ezoel ectric el enment is stuck. 13. The optical apparatus

i ncl udi ng t kéohgr engnssihstfande cembval meEiktemcemddi ng to claim 12,
wherein the sensor electrode is formed on a surface of the

pi ezoel ectri c nenbeihesehe Pospensped Grtaogents doragison fhg syufece

direction of the optical nenber to which the piezoelectric element js
P P g
st uck. of the piezoelectric member to be positioned within a range o

the optical effective area in a side direction of the optical

member to which the piezoelectric element is stuck.

13. The optical apparatus including the foreign substance
removal unit according toclaim 12, wherein the sensor electrode
is formed on a surface of the piezoelectric member to be
positioned on a central axis in a side direction of the optical

member to which the piezoelectric element is stuck.

14. The optical apparatus including the foreign substance
removal unit according to claim 12, wherein a plurality of
driving electrodes is formed on a first surface of the
piezoelectric member, and

wherein the sensor electrode is formed between the
plurality of driving electrodes on the first surface of the

piezoelectric member.
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14. The opti cal appar at usi ncl udi ngt hef or ei gnsubst ance renoval unit

according to claim 12, wherein a plurality of driving electrodes is

formed on a first surface of the piezoelectric nenber, and

wherein the sensor electrode is forned between the plurality of

driving electrodes on the first surface of the piezoelectric nmenber.

15. The optical apparatus including the foreign substance renoval

unit according to claim 12, wherein the piezoelectric el enent excites

at the same tine a first bending vibration and a second bendi ng

vi brati on whose tiste phageicsl dppderwntidaloniidaie 6érdilye sfibssince

bendi ng vi bration, and whose order is different by one fromthe first

bendi ng vi br at¢valtwrigerecatena tor@dl Wy waseeithidte PFaRRSHSCIR A

di rection pergendi ular to i de_of the opti %aklienggnber to which the
p

. . ip b
pi ezoel ect ri cSEFERENT T ECEATCK® 5™ VB 2The °5ptScal' appar at us”

i ncluding the,TQLeheM3HPS 306E. iRRDVAsURirle BEELS dh NG rkOr & Ak 2,
wherein the piezoelectric elenent excites a first bending vibration
to generate atfidd sif statiienarhenvave tibratderx.eehilorhgser pededi calar to a
side of the optical nmenber to which the piezoelectric element is
stuck, and  different\iyepns ArehehpifésdePeReHITVEIEeAl ERAETESSE

second bendi ng vi bration whose,. qrder.is different b .t he
first bendi nggvtlr r\rﬁ?f%yaY%%g%Flgcrrgfigl%lge%gﬁ *Stati oenr%r%d\%\é/a@e@ri ﬂo a

direction perpendi Q4 afe £,9::2a8irderef tbhgieRtincali aBEDEI i@ aMaingh t he
pi ezoel ectric el enent is stuck. 17. An optical apparatus

i ncludi ng a fosedtgreksubst ance renoval unit conpri sing: an
optical nenber, disposed in an optical path, which is

rect angul ar-shaped and in which an optical effective area for a |ight

fllux to pass through 4 s8lsc.3Nd:2-PLE7P8LSALEL Cr€l:6PBN, LGkUALDY 3

pi ezoel ectric
removal unit according to claim 12, wherein the piezoelectric

element excites a first bending vibration to generate a first
stationary wave in a direction perpendicular to a side of the
optical member to which the piezoelectric element is stuck, and

wherein the piezoelectric element excites a second
bending vibration whose order is different by one from the first
bending vibration, to generate a second stationary wave in a
direction perpendicular to a side of the optical member to which

the piezoelectric element is stuck.

17. An optical apparatus including a foreign substance
removal unit comprising:
an optical member, disposed in an optical path, which
is rectangular-shaped and in which an optical effective area
for a light flux to pass through is set; and

a piezoelectric element including a piezoelectric



menber, and a driving electrode and a sensor electrode forned on a
surface of the piezoel ectric nmenber, wherein the

pi ezoel ectric elenent is stuck to a surface of the optical nenber
outside the optical effective area and al ong one side of the optical
menber, and wherein the sensor electrode is fornmed on the
surface of the piezoelectric menber to be positioned between a
plurality of nodes of a vibratio enerated in a side _direction of
the optical ™BhBEr T8 *hfEh"1HE F’E%BP%&I}C} ¢ BfementlestspaeKtormed

18. The opt%gag aggfrggus Hﬂgluqig e%hetfgg%g n §ybstance remova
uni t accor dPRg®t 8¢t &7 A7, “Ah&rEFRCt Ret5endb? “&léct rode is formed on

o surface of Che B ERELerln I ke Beyagelined oy e

Piezoe!eCtr%% @hgﬂﬁﬁﬁidéi %%Hggr outsidél%heTBEtfggi(éﬁfé%QQ@Eaéfgé and
i ncluding the forei'gn substance renoval unit according to claim 17,

wherein a phubahi b¥e 05i gl ioh NGeeloget EQUEReMiSef,0rRd on a first

surface of the piezoelectric nenber, and wherein the sensor
el ectrode is fornedvhetueenideecpbor allidct rotiedis orget! @CthedOS Bite
the first surface of the piezoelectric nenber. 20. The optica

appar at us i ncltd pie t del doreiogrersidist abe e asenmvak d lreitiveac cop Dhuregl ity
claim17, wherein the piezoelectric elenent excites at the sane tine
a first bendiftngodedrat icovikmdtian sezmuhtisendinng vidy atiirenthwhosef ttihee
phase is different fromthat of the first bending vibration, and
whose order oP$igptfBeRPRT byP ofie by Ghet e EP S BardicA§meRbr B i Yriick-o
generate a traveling wave that travels in a direction perpendicul ar
to a side of the optical nmenber to which the piezoelectric elenent is

stuck. 18. The optical apparatus including the foreign substance

removal unit according to claim 17, wherein the sensor electrode
is formed on a surface of the piezoelectric member to be
positioned on a central axis in a side direction of the optical

member to which the piezoelectric element i1s stuck.

19. The optical apparatus including the foreign substance
removal unit according to claim 17,
wherein a plurality of driving electrodes is formed
on a first surface of the piezoelectric member, and
wherein the sensor electrode is formed between the
plurality of driving electrodes on the first surface of the

piezoelectric member.

20. The optical apparatus including the foreign substance
removal unit according to claim 17, wherein the piezoelectric

element excites at the same time a first bending vibration and

_55_



The optical apparatus including the foreign substance unit according
to claim17, wherein the piezoelectric elenment excites a first
bendi ng vibration to generate a first stationary wave in a

di rectionper pendi cul artoa side of theoptical mnenberto which the

pi ezoel ectric element is stuck, and wherein the

pi ezoel ectric el ement excites a second bending vibration whose order
is different by one fromthe first bending vibration, to generate a
second stationary wave in a

di recti onper pendicoutl arendasg de’bfaitﬁempwml tembehe b chi ffpeent from
pi ezoel ectric el enent is stuck. 22. The optical apparatus
i ncl udi ng t he Pt &ifghhe i< ankadiafovAratinet: a8EorHi%ig® B%a & m 17,

wherein a sizg, L 98ut§ptlC?ﬁ°£%gb%ﬁr%§b%$ect et the pldral ity of

nodes i s generate e optica ve area.
a traveling wave that travels in a direction perpendicular to

a side of the optical member to which the piezoelectric element

is stuck.

21. The optical apparatus including the foreign substance

removal unit according to claim 17,

wherein the piezoelectric element excites a first
bending vibration to generate a first stationary wave in a
direction perpendicular to a side of the optical member to which
the piezoelectric element is stuck, and

wherein the piezoelectric element excites a second
bending vibration whose order is different by one from the first
bending vibration, to generate a second stationary wave in a
direction perpendicular to a side of the optical member to which

the piezoelectric element is stuck.

22. The optical apparatus including the foreign substance
removal unit according to claim 17, wherein a size of the optical
member is set so that the plurality of nodes is generated outside

the optical effective area.
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