TI TLE OF THE | NVENTI ON FOREI GN SUBSTANCE REMOVAL APPARATUS AND

OPTI CAL APPARATUS | NCLUDI NG THE SAME BACKGROUND COF THE | NVENTI ON
Field of the Invention [0001] The present invention relates to a
forei gn substance renoval apparatus capable of elimnating a foreign
substance such as dust or dirt, and an optical apparatus including
the foreign substance renoval Tappar@t U8t DEYENTpONon of the Rel ated
Art [0002]1n optical apparatuses such as digital caneras, the optical
apparatus converts an object imge into an electric signal to capture

. . . : . i aht fl 1

and convert s FORgnGRoereeE vl R sy e T i G pGeLT FERCHE S

i mage sensor into inmage data. S?ﬁ#iﬁg&4§n¥¥EngA@Bparatus i ncl udes an
r

optical low pass filter and an infrared absorption filter disposed at
t he object side of the imge sensor. [0003] When a foreign substance
such as dust or dirt is

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a foreign substance
removal apparatus capable of eliminating a foreign substance
such as dust or dirt, and an optical apparatus including the

foreign substance removal apparatus.

Description of the Related Art

[0002] In optical apparatuses such as digital cameras, the
optical apparatus converts an object image into an electric
signal to capture the object image, receives an imaging light
flux on an image sensor, and converts a photoelectrically
converted signal output from the image sensor into image data.
Such an imaging apparatus includes an optical low-pass filter
and an infrared absorption filter disposed at the object side
of the image sensor.

[0003] When a foreign substance such as dust or dirt is
attached to any of the surfaces of these filters, this results
in generation of a black spot in a captured image from the
attached portion, thereby deteriorating the visibility of the

image.




attached to any of the surfaces of these filters, this results in
generation of a black spot in a captured inmage fromthe attached
portion, thereby deteriorating the visibility of the inage.

[ 0004] Especially, in interchangeable lens digital single-lens reflex
caneras, mechanically operating units such as a shutter and a quick

return mrreooasp di speserhimng t hen VneeRehin®éasie 118G 4$ENEQI, SO
that a foreign substance such as dust or dirt produced fromthese
oper at i ng usiihsleByerxe ratfl ag hethara st, hee st iaca 16f opdr axpitricc ah i tE rsheh
such as the image sensor and a filter. Further, at the tinme of a |lens
exchange, aafonesigntsubstraneegsich astwustmiorradi prenayseetet ifr aimean
opening of a lens nount into a canera main body, and nmay be attached
to the surf#éeloitarriopni Feagsrseberreventiialt ¢. L¢:0008] Fobpraventsuchi s
phenomenon from occurrin it is known to vibrate an optical nenber
di sposed atthgu bj ¥etdih @rGQHEﬁdlﬁﬁ@% o rnRirehingeuptty may be

plezoelectrl e t renove a foreign.substance such as dust and
dirt attachddt h%'%@ s bPr T RE i PPEA R P EBET PUopaEs Hhs e
Pat ent Appl ig ﬁgog a_ff}¥g} No . 29Q8 2071@9 scus;eslgntqgg:égye of
generatlng a Favell I Ng Wave ‘at an op? | ca S|nuftaneou§ﬁy

causing a fbrﬁ}rquﬁcgdﬂ)%t\éhlg'éastdc% gs@o Q:ncﬂn f@lgf %téli%qflng

whi ch has a next higher or |ower or er t er o the First

bendi ng vi beat b oner@Nchdus t0uht8fa tdarﬁ%ﬂ%h%@n%é t%df by tb@%@a&ed
vibration by 90, at the optical nenber. [0007] Even if t e first

bendi ng vi brat tre anerdde cFeeandpbesdl Ngervddy alvicamualeyexcited in
such a manner that the second bending vibration is in tine phase with
the first béadbdy vi Do atrieornarndthilsgshanaretdorht gheocourtiowsr i ondedndwran
the order of the first bending vibration, detection of each of the
to vibrate an optical member disposed at the object side of an
image sensor with use of a piezoelectric element to remove a
foreign substance such as dust and dirt attached on the surface
of the optical member.
[0006] Japanese Patent Application Laid-Open No.
2008-207170 discusses a technique of generating a travelling
wave at an optical member by simultaneously causing a first
bending vibration and a second bending vibration, which has a
next higher or lower order than the order of the first bending
vibration and is out of time phase with the first bending
vibration by 90°, at the optical member.
[0007] Even 1f the first bending vibration and the second
bending vibration are excited in such a manner that the second
bending vibration is in time phase with the first bending

vibration and has a next higher or lower order than the order

of the first bending vibration, detection of each of the



vi brations reveals that their time phases do not overl ap dependi ng on
t he anmbi ent tenperature around the optical nenber and the provided
state of a piezoelectric elenent. [0008]The driving paraneters
shoul d be set so that the first bending vibration and the second
bending vibration are in tine phase difference with each other by an
i deal differeircettiongenevades alsttahihki zetdihe avedddanglonave atredlap
optical nenber. SUMVMARY OF THE | NVENTI ON [ 0009] According to an aspect
of the preseispenpieatdirohhe anflgregitghenpiisttarreea ¥ eV &he apprdcatlusembe r
includes an optical nenber, a piezoelectric elenment provided to the
optical nentéd taedproeidemtytoitaumitt acohtrepteettic dlieventhe

pi ezoel ectric elenment in_a first driving node for causing a first
bendi ng vi br%98R8 of TERADPHINGaP2 TRIMIGES FNYECHRE 5§t 37 hgehdde Forst
causing a second _bendi ng .vibration of the o tlcal.nenger, and.a third
driving moddFor 8 PITTANSOUERY CRUETHYT RECPT e GERATRY Vibr atT oI
and the sec %ts%eﬁ%%ré’ﬁ!% %'tg?-et Eﬁeﬁgg?f&g}éﬁ%”%é%ﬂ'd?%%%é’ﬁ has, an

order different froman order e I Ng Vi bration. e

foreign subﬁe@l@q@te_egog/@ébﬁppzaer@ttﬁvwﬂnsrwém'w%ﬁhgp‘ekpgft@ﬂ.@eﬁ.ﬂ

detection unit configured to detect a vibration of the optica

when the drive control unit drives the piezoelectric elenent in the
first driving node and the second driving node, and a driving
paraneter generation unit cosbMgnredot orHietigwRENDEOR drivi ng paraneter
when the drive control unit drives the piezoelectric elenment in the
third driving node based on a tine phase difference between a
vibration of the optical nmenber which is detected when the drive
control unit[0®0%es Pheopilérgetecar issprelceneht tha niwsehitr shvdntivdmg a
mode, and a vibration of the optical nmenber which is detected when
the drive cdfeEEINFRS LGRCEESMAE L piRPAGaItEEtiricd Udes reneP § iralheesaiond
driving node. The drive control unit drives the piezoelectric el enent

in the third BFFVPHETOIE ™ TPCUSBEOTLI9E EAriRA AT per afetepr, a drive

detetm ned bty b1g O 1A BarRTELl, Benes oL OB UILL oL 0AOLASELS1 19
a first driving mode for causing a first bending vibration of
the optical member, a second driving mode for causing a second
bending vibration of the optical member, and a third driving
mode for simultaneously causing the first bending vibration and
the second bending vibration. The second bending vibration has
an order different from an order of the first bending vibration.
The foreign substance removal apparatus further includes a
vibration detection unit configured to detect a vibration of
the optical member when the drive control unit drives the
piezoelectric element in the first driving mode and the second
driving mode, and a driving parameter generation unit

configured to determine a driving parameter when the drive

control unit drives the piezoelectric element in the third



to generate a stabilized travelling wave at the optical nenber by
si mul t aneously exciting the first bending vibration and the second
bendi ng vi bration, which has a next higher or |ower order than the
order of the first bending vibration and is shifted in tinme phase
with the first bending vibration by an ideal difference, at the

opti cal nenbefivih@Odddduwsder cheat uigs Bk aspetesafet Berpsasent
invention will becone apparent fromthe foll ow ng detailed

descri pti on vabrexeéaplodryheeagbodcaentsbar tvhicefier éatectal vhen ahtathed
drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012] The accomnpanyi ng
drawi ngs, wscglirat euiheohporest édei niande borstia wlemgnpain e thest
specification, illustrate exenplary enbodi nents, features, and .
aspects of (FHeViRTeRtion 2@kda YHyerHean Wit ARe heP desr MpiPen, iskrve st o
expl ain the rinciples ohethe,invention. [.0013] Fi s a bl ock .

diagran1i|!S?EF&F?H@“E”*G tFion4l C885??bd¥ﬁfﬁ8ﬁ B?gajéiéf?é?e%ﬁﬁﬁﬁ%f

100, 30001 1 .58, XD ALY SO0 9L { R SEPUL VS e
drives the piezoelectric element in the third driving mode with
use of the driving parameter determined by the driving parameter
generation unit.
[0010] According to the present invention, it is possible
to generate a stabilized travelling wave at the optical member
by simultaneously exciting the first bending vibration and the
second bending vibration, which has a next higher or lower order
than the order of the first bending vibration and is shifted
in time phase with the first bending vibration by an ideal
difference, at the optical member.
[0011] Further features and aspects of the present invention
will become apparent from the following detailed description
of exemplary embodiments with reference to the attached

drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate
exemplary embodiments, features, and aspects of the invention

and, together with the description, serve to explain the



illustrating a configuration of an imaging unit 400. [0015]Fig. 3 is
a graph illustrating rel ati onshi ps between the frequenci es and
anpl i tudes of bending vibrations of two vibration nodes excited at an
optical |low pass filter 410 according to a first exenplary

enbodi ment. [0016] Figs. 4A and 4B illustrate shapes of morder and
(mtl) - or der pritbrapien obdds, iawvenvdbtages applied to piezoel ectric
el ements 430a and 430b according to the first exenplary enbodi nent.
[0017] Fig. SOPRBUstr&tes belfagri biook dikgrept ithistatipase funetaronsdQ
when the bending vibrations of the two vibration nodes are

si mul t aneousSPPfegeretrn P61 Fi 2l 6arPr 8st0at eC e Fo rroP X ary
optical |ow Eg.filter 410 when the bendi ng vibrations of the two

vi bration nb eS| Hul T EFTSPY te kBT 8- 0019] Fig. 7 illustrates

a structure [8%1;1516 p"E‘%éo ?.%tég.l’ll %x%ll%geegtpe‘}:%%%'ctive view schematically
illustrating a configuration of an imaging unit 400.
[0015] Fig. 3 is a graph illustrating relationships between
the frequencies and amplitudes of bending vibrations of two
vibration modes excited at an optical low-pass filter 410
according to a first exemplary embodiment.
[0016] Figs. 4A and 4B illustrate shapes of m-order and
(m+1l) -order vibration modes, and voltages applied to
piezoelectric elements 430a and 430b according to the first
exemplary embodiment.
[0017] Fig. 5 illustrates behavior of the optical low-pass
filter 410 when the bending vibrations of the two vibration
modes are simultaneously excited.
[0018] Fig. 6 illustrates behavior of the optical low-pass
filter 410 when the bending vibrations of the two vibration
modes are simultaneously excited.
[0019] Fig. 7 illustrates a structure of the piezoelectric
element 430a.
[0020] Fig. 8 illustrates the piezoelectric elements 430a
and 430b when they are stuck to the optical low pass filter 410
as viewed from the image sensor side, according to the first
exemplary embodiment.

[0021] Fig. 9A, 9B, and 9C are flowcharts illustrating a



[0020]Fig. 8 illustrates the piezoelectric el enents 430a and 430b
when they are stuck to the optical |ow pass filter 410 as viewed from
the i mage sensor side, according to the first exenplary enbodi nent.
[0021] Fig. 9A 93, and 90 are flowharts illustrating a foreign
substance renoval operation. [0022]Fig. 10 illustrates an out put
vol t age t hattoacughr suborarget ectioval coperatickil? detects from a sensor
el ectrode SF of the piezoelectric el enment 430a. DESCRI PTION OF THE
EVBODI MENTS [P0823] VaFiieud Oeixleis tanayr ce ragodit it §01 F@3g Gthes 2 wiration
aspects of the invention will be described in detail below w th

ref erence t 8otRECHPAIAGE L L[I0G24F Reefi Hifral T ARRFAT WlECtheIgSScr f 586

as an exanpl e of
rrpp?.ezoelectric element 430a.

DESCRIPTION OF THE EMBODIMENTS

[0023] Various exemplary embodiments, features, and aspects
of the invention will be described in detail below with
reference to the drawings.

[0024] A digital camera will be described as an example of
an optical apparatus including a foreign substance removal unit
according to an exemplary embodiment of the present invention.
[0025] Fig. 1 is a block diagram illustrating a functional
configuration of a digital camera 100 according to an exemplary
embodiment of the present invention.

[0026] A micro éomputer (hereinafter referred to as “micro
processing unit (MPU)”) 101 is, for example, a central
processing unit, and controls the operations of the respective
blocks provided in the digital camera 100. Circuits connected
to the MPU 101 include a mirror drive circuit 102, a focus drive
circuit 103, a shutter drive circuit 104, an image signal
processing circuit 105, a switch sensor circuit 106, a light
metering circuit 107, a piezoelectric element drive circuit 111,
a vibration detection circuit 112, and a temperature sensor 113.
These circuits operate under the control of the MPU 101.

[0027] The MPU 101 communicates with a lens control circuit




an optical apparatus including a foreign substance renoval unit
according to an exenpl ary enbodi nent of the present invention.

[0025] Fig. 1 is a block diagramillustrating a functi onal
configuration of a digital camera 100 according to an exenplary
enbodi mrent of the present invention. [0026] A m cro conputer

(her ei naf t er202efier apdintayiasy "RNer anpt 0ES SiiRgaunbtin MAAL')ct1@1.i Sthe
for exanple, a central processing unit, and controls the operations
of the respédl velbfetksnprovitded ithet MBUAL @l tiad rncameradiOfor Circuits
connected to the MKT 101 include a mrror drive circuit 102, a focus
drive circui®Cm™g3icatspyttidy Ere denei seiincllogreghnt 2RBgen shgnimaging
processi ng (ii rcuit 105, a switch sensor circuit 106, a light netering
circuit 1071 SRSprerod®¥chyi Eeet Brgift ad?i 92 kivi@ubhe monnta Conbrat idn
detection circuit 112, and a tenpergture sensor 113. These circuits
operate undéP T CoRtFHIY OFT HE™ OIJOS_L?O{”O%‘?tﬁdlfﬁ% tﬁ?ﬁ)‘%ﬁ}fal camera
comuni catesgpith a lens control circuit 202 in an imaging |ens unit
200 via a nmount contact 21. The MPG 101 determnes that the MPG 101

| S _now r eadyt dogs; COMMAI £ald eBAMLD dedienso£ ol el AL G202 )
the imaging lens unit 200 by receiving a signal via the nount contact
21, when theoimaging §enshilYrt 2200 ihStaONNRLI 8 tienkhendt gb§ @l v cangr a
100. [0028] The lens control circuit 202 drives the imaging | ens 201
and a di aphragoem205ci foddre (aragungvé ests-dunitt 2800avd & @B agHEOHRLA L ve
focus (AF) drive circuit 203 and a di aphragmdrive circuit 204 by
recei vi ng acéortiol20 gnakctiombeME 1]l Fognsl tpbinfireatpPonoef For
illustration, Fig. 1 illustrates the imaging lens 201 as if the

i magi ng | en$12@1ifscebhst Pfutledidhyradnby, &'igi.nylié luensatbsitthaciusding
the imaging lens 201 is constituted by a group of a |arge nunber of

| enses suchl1885a2Pbcds ifefse [0B2DPTHeENAF2AL] Ve @Inrsddittted3by netides,
for exanple, .a ite i ng notor, and focuses an imaging light flux on
an i mage sen<8f 93{) cRAhG T alne - pos tReA1BE the ?—g%l}s? Fenstitiiate

i magi ng Ien% 201 under tthe control of tt}e |l ens control circuit 202.

The di aphragh ar PV RiTcdi £9289 ¥ Y00 exSRPFR, SHChidsphRr Agms Lens.

mechani S S\yeBags ancaut gel 4l fye NG GHANGES 1he dlaphragm.anpunt of

t he di aphragm 2 under the control of the”lens control cifreurt: 202.
stepping motor, and focuses an imaging light flux on an image
sensor 33 by changing the position of the focus lens in the
imaging lens 201 under the control of the lens control circuit
202. The diaphragm drive circuit 204 is, for example, a
diaphragm mechanism such as an auto iris, and changes the
diaphragm amount of the diaphragm 205 under the control of the
lens control circuit 202.
[0030] A main mirror 6 guides an imaging light flux
transmitted through the imaging lens 201 to a pentagonal prism
22while allowing a part of the imaging light flux to pass through

themain mirror 6 to guide it to a sub mirror 30, in such a state

that the main mirror 6 is maintained at an angle of 45° relative




[0030] A main mirror 6 guides an inmaging light flux transmtted

t hrough the imaging I ens 201 to a pentagonal prism 22 while allow ng
a part of the imaging light flux to pass through the main mrror 6 to
guide it to a sub mrror 30, in such a state that the main mrror 6
is maintained at an angle of 45 relative to an inmaging optical axis
il lustrateddoafifjaging dpeisabarisrianud@rguedes #ihe i mMmghBGUud @ror
flux transmtted through the main mrror 6 to a focus detection
sensor unit 331 guf 068 ljhiEhémayinorl idhitv €1 ¢k rowintsmi02ed ndltdes, thomain
exanple, a direct current (DC) notor and a gear train, and drives the
mai n mrror M-arersacho ad poxivs oletekatonheemedm uriitr 8.6 al l ows a

phot ographer_to observe an object inmage through a finder, and to such
a position tif23ldhe ﬁﬁﬁnmw?c?-’brdre\fiesc%mlﬁa‘ctl@ irehidat i Fagi erepielght
flux. When the.main mrror |s driven, the sub mrror 30 is

si nul t aneoud ?lﬁﬁ%dc‘f%r%ﬁr)g pBSFEF Gt Rafthe" St nifProf ™ S g itdes
an i magi ng Ilqht flrug to, the focus SlgbleCt E grt]sor unit 31, a%ggq

such a posi f1°%0h FhEECT Ke QU W Friot 8t ratt Ba1 P rym e b "y
light flux. g?gg%%H§¥1QCH§ g%%?gglqpogfgégﬁmﬂge'U1 1xﬁ9£%ggéFrf%&da

exanple, a fi areflection mr econd 1°magi ng I ehs

di aphr agm %@sécfn!aﬂ%o%?&?@ﬁ JHG! WAL NG 18 REUEaLid xsoée%t%% EoYpled
devi ces (CCDs), which are disposed in the vicinity of an i1 naging

pl ane (not iidagshiat eghe £The. f atles €t @ctiinORi s£A8QF 1Yt h,PeRd Qrs
focus detection according to the phase difference detection nmethod. A

si gnal out putirfrioens o he tonustaet@ctliyomoseasos suidht a 3dod i isupphi€dHe
the focus drive circuit 103 to be converted into an object image
signal, and stubenmiirot f@pshies ed rading MRH t10Mux fOG32] fAdrersMRiE DT on
performs focus detection cal culation according to the phase

di fference deréeeri onihetlhodndasedveh &heovljiant thangehsisgvaini rivr &0

specifically, the MPU 101 cal cul ates
1s retracted from the imaging light flux.

[0032] The focus detection sensor unit 31 includes, for
example, a field lens, a reflection mirror, a second imaging
lens, a diaphragm, and a line sensor including a plurality of
charge coupled devices (CCDs), which are disposed in the
vicinity of an imaging plane (not illustrated). The focus
detection sensor unit 31 performs focus detection according to
the phase difference detection method. A signal output from
the focus detection sensor unit 31 is supplied to the focus drive
circuit 103 to be converted into an object image signal, and
then is transmitted to the MPU 101.

[0033] The MPU 101 performs focus detection calculation
according to the phase difference detection method based on the
object image signal. More specifically, the MPU 101 calculates

a defocus amount and a focus direction with use of the object




a defocus anmount and a focus direction with use of the object inmage
signal, and drives the focus lens in the imaging lens 201 to an

i n-focus position via the lens control circuit 202 and the AF drive
circuit 203 according to the cal cul ated defocus anobunt and def ocus
direction. [0034] The pentagonal prism 22 reflects the imaging |ight
flux refl ectiedgkystidrealnabndnidinves thavfiokaescameethithg itaditelansoroml
upright image. As a result, a photographer can observe an object

i mage throudle anfimdercuwy episeteoni ndoviiks lena achiimndercigptiicat02 and
system [0035] Further, the pentagonal prism 22 also guides a part of
t he i magi ng Yhieght ¢¥¥M?tQin§uﬁFgﬁ83rﬁﬁQQﬁQ%@gséﬁs%he1?ﬁlCFﬁétPﬁg®ﬁfocuS
nmetering circuit 107 converts a light nmetering value output fromthe
l'i ght neter PAGU8ENEBE 3FE9GHD HHGhitRBnce signal of each area on an

b ti | ,a then outputs it tq.the U 101. The MPU 10
oo oul ot oo fH030T. el BERLSHBEL S el i By e e oe

hut t i i , , hani cal focal | ane.shutter
shutter unt 132 L ohePRLe o2 Meehan.onl focalc plane B0 e

l'ight shieldi rm&npashgf%@maﬁ% Sh%%tﬁl%eéﬁ?g[s‘gr;ﬁwéo?g%g s-lacated af.

an exposure position when a phot ographer o Ves j ect 1 mage

through the bl stdceYRREEGR WLRHAVE 18de O yEPE 0L REHABANG 8L At hgddTe
of shooting, the shutter first curtain perforns exposure travelling

by noving frpmithe kiyghdmshi el ding position to the exposure position,

thereby allowing an imaging light flux to pass therethrough. The

i mage sensor[0835]1whi Chrwhklk, behadesarbbhedabelowm phot bed ectidiecak Ipart

converts a forned object image, thereby perform ng an inmaging

oper ation. of00B7]|Mmnnaftichtaf bet texposbigle tiefrerhas Passed 37t helhe
light metering circuit 107 converts a light metering value
output from the light metering sensor 37 into a luminance signal
of each area on an observation plane, and then outputs it to
the MPU 101. The MPU 101 calculates an exposure value based
on the luminance signal.
[0036] A shutter unit 32 is, for example, a mechanical focal
plane shutter, and is configured so that a shutter first curtain
is located at a light shielding position and a shutter second
curtain is located at an exposure position when a photographer
observes an object image through the finder eyepiece window 18.
On the other hand, at the time of shooting, the shutter first
curtain performs exposure travelling by moving from the light
shielding position to the exposure position, thereby allowing
an imaging light flux to pass therethrough. The image sensor

33, which will be described below, photoelectrically converts

a formed object image, thereby performing an imaging operation.




shutter second curtain perforns |ight shielding traveling by noving
fromthe exposure position to the Iight shielding position, thereby
conpleting an inmagi ng operation required to acquire one i mge data

pi ece. The shutter unit 32 is controlled by the shutter drive circuit
104 that receives a control command fromthe MPU 101. [0038] The i nmage
signal procgeeBny ci rashl dOSempplsiees capakagé di Gid alas( AeBseapnyies si on
processi ng on an anal og i nage signal output fromthe i mage sensor 33,
and furt her shappkreseaard custkindss oforimezadégpt ogeissidiggs uehvakimpibye
renoval processing and gain adjustnent processing on the

t hus- acqui r 8@vdngi farm | gexpasare[ PO3Y] Tie towithehlsehsoshisdkdiuiat 106
transmts to the MPU 101 an input signal input by a photographer's
oper ati on oPC§1GseP/ i HCEPPAcETNE AT niidve ngi gpeea ticanepguipgd to
such as a main smﬁtch:%$ 43 and a cl eanin SNV44.,£0240]The

cl eani ng SWAFHUFEC £G5B 9T2T3 BE&F or TRSSHUTHG S P Hs £ ISt FoRf 1 Led
remove a foreign substance.such_as. t and dirt. attached to the
surface of %ﬁ/ I\'C‘ohpet F%%?t ro&f passtfit g;i%zflﬁ?a " Bhot oyt ﬁp%oé&r(?gncommand
manual |y ca e l,operation of a foreign substance on the
filter by oggggt?gé @ﬁ%a%Féaning SW44. [0041] An imagi ng unit 400,
which is a frepbgegn swhst apcs renmpyval piBkbssisSy a-blook qerstpycied by
assenbling the nmenbers including the opti cal ?om#pass filter 410, a
-pi ezoel ect r bgaebgpengi 430, AADH ddif dr¥Bge SENASHsiRG bR SPEALOPE gtk
The optical lowpass filter 410 corresponds to an optical nenber.
[0042] The isHagelsemsor:t 33omSthé aimexarpheoradi | nagi Agrdr¥i ceapglidh sas
a conpl enentary netal - oxi de sem conduct or (CMOS) sensor or CCD
sensor. Thevimagesskihsdty &3 igagpubsoadsaitad Grahnagensi gaaternyval
photoel ectrically converting a fornmed optical inage of an object, as
nment i oned aBp&¢ecssing and gain adjustment processing on the thus-acquired

digital image data.

[0039] The switch sensor circuit 106 transmits to the MPU
101 an input signal input by a photographer’s operation of a
user interface included in the digital camera 100, such as a
main switch (SW) 43 and a cleaning SW 44.

[0040] The cleaning SW 44 is a user interface for issuing
an instruction to remove a foreign substance such as dust and
dirt attached to the surface of an optical low-pass filter 410.
A photographer can manually causes a removal operation of a
foreign substance on the filter by operating the cleaning SW
44.

[0041] An imaging unit 400, which is a foreign substance

removal unit, is a block constructed by assembling the members
including the optical low-pass filter 410, a piezoelectric

element 430, and the image sensor 33 to form one unit. The

- 10 -




[ 0043] The piezoelectric element 430 is, for exanple, a single-plate
pi ezoel ectric el enent such as a piezo elenent. The piezoelectric

el ement 430 is configured to be vibrated by a piezoelectric el enent
drive circuit 111 that receives a control signal fromthe MPU 101

and transmt the vibration to the optical |owpass filter 410.

[ 0044] The MPYti04lahwi-tdeespiekzoet edtlr coredgrments dpiare opiticailtmendser.
function as a drive control unit. The vibration detection circuit 112
functi ons ad984%i br alherimdeicerd i T GAiits  whe hxeer ket snamEdBngtdeon osf
the optical |owpass filter 410. The tenperature sensor 113 functions

as a tenper 8UGRESRFEEPT BRCRIFAEY RAF-H- et L anemgérat ysS) sensor

surrounding th gptical menper . <CCNFIGURA}ICN OF FOREI GN SUBSTANCE
REMOVAL UNI 73 ?6 ABFREV, - t HESi MBRT RS UMY 400U FRTER 73 HF W ei§RIC

subst ance r \Y% uni nfi red t.0 remve, a forei gn substance. on
Tho il Cer ETBYaL MPChoBRI LOLE AC {1, LPLS: Fhd F £0 00 R BRE Pt

descri bed in¢fypthgr detaid hkﬁoh%ﬁe%§9$ to Fig. 2. Fig 2 is an

expl oded perspective view schematical [y iTlustrating the

configurati qaoakt herhEBgi 8844 4Q0..1EQA4E] Ihe 0pt ical Lawspass,
filter 410 disposed in front of the inmage sensor 33 is a single

bi refri ngenktipbatepnaee wie MIyslcalicaplehas: au@ckangupaszshapsnenthe
optical |low pass filter 410 is disposed in an optical path, and is a
rect angul ar Topt pLatoaientierid alwhecth 480 optdwdaligefrkbeacts e atbaated by
allowng transmttance of a light flux is set.
a piezoelectric element drive circuit 111 that receives a
control signal from the MPU 101, and transmit the vibration to
the optical low-pass filter 410.
[0044] The MPU 101 and the piezoelectric element drive
circuit 111 function as a drive control unit. The vibration
detection circuit 112 functions as a vibration detection unit
which detects a vibration of the optical low-pass filter 410.
The temperature sensor 113 functions as a temperature detection
unit which detects a temperature surrounding the optical
member.
<CONFIGURATION OF FOREIGN SUBSTANCE REMOVAL UNIT>
[0045] Now, the imaging unit 400, which is a foreign
substance removal unit configured to remove a foreign substance
on the filter by vibrating the optical low-pass filter 410, will
be described in further detail with reference to Fig. 2. Fig.
2 is an exploded perspective view schematically illustrating

the configuration of the imaging unit 400.

[0046] The optical low-pass filter 410 disposed in front of
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[ 0047] The optical |low pass filter 410 has a peripheral portion where
a pair of piezoelectric elenments 430a and 430b is di sposed outside
the optical effective area, and is symmetrical in the direction
perpendi cular to the center of the inmaging optical axis (i.e., the
canera lateral direction). An optical coating such as an infrared cut
coating or aheefihegti oonpse\VENLisOB €081 OT0iS ARIGeed phatbensdl face
of the thus-configured optical |owpass filter 410. [0048] As w il be
descri bed belrowtaf heapd ezaoelze ctecitenghéaensisagk80aThadod80dr edctw-pass
include a plurality of electrodes integrally formed on a single

pi ezoel ect rifé Liverbel0 iardi $rpredain enovat @l pethargyl &8 acoatbrmgulfre
pi ezoel ectric el enents 430a and 430b are di sposed along the two
opposi t e shEPLispdeBeBpes hgt ghtiictaPn| ok pads Fifacdivgierea allowing
respectively. %0049%Nbre speci f.i alli, t he pi ezoelectric el ement 430a
i s bonded t GTERETOPLFLEF Plovit padett fitért 21975 n such a manner that
the I ong si t he piezoel ectric el enment_ 430a ichis a.first
piezoelectr&?ogﬁénenggeeQPgﬁcsfiﬁ”ﬁgfﬁﬁlgﬁl&ffh4% e5§h§rﬁe§ﬁ8befﬁ%e
end) of the Lcal i : t..th i hher al,,poL LI O f
t he opti cal p;e)g\t/tvEL %gs@%{% t%giﬁﬁo&gl#%%tcﬁ%? ghgﬁ%{‘%sg%giogz%é e%sto%l C

el ement 430Q4i gibgpded tocdhe Pkl el ibow PasS it 641044 sdch a
manner that the long side of the piezoelectric elenent 430b, which

is a second spingizeeh egl rinCtied aieBttiexberdenincPrd@kbalnarthrdhe rather
short side (the other end) of the optical |owpass filter 410 at the

peri pheral poetion @ftidad apid qal el pwhpassnéii tlare4i0.diRQ50bkhe an
optical low pass filter 410 is vibrated in a waveli ke manner with a
plurality oforaatklnodgds ngnguch peuaralinfyaonéd nodesoajeimey at edréfilection
parallel with the side of the optical |owpass filter 410. A periodic
vol tage is RPFVEPBEIPD tPrtigieicckeetite eh et 4308 aAdtds8ob so
that the piezoelectric elenments 430a and 430b perfornms

cont r act i on/"EXFERSTHRIMERA ARSI ThaYePABY et t4én cause the

dof or mat | on [OPB st aP BF 1L HESVIBRTEIGH RIP be i dr 4580 "EoREFet el y

bel ow. [OOS&éﬂegggi%a la?l\g' PE5s efaic t%rlc Qéedianglgl?gi)le{y %%Oe.iesctnz?‘od es
integrally formed on a single piezoelectric member, and have
an elongated rectangular contour. The piezoelectric elements
430a and 430b are disposed along the two opposite short sides
of the optical low-pass filter 410, respectively.
[0049] More specifically, the piezoelectric element 430a is
bonded to the optical low-pass filter 410 in such a manner that
the long side of the piezoelectric element 430a, whichisa first
piezoelectric element, extends in parallel with one short side
(one end) of the optical low-pass filter 410 at the peripheral
portion of the optical low-pass filter 410. On the other hand,
the piezoelectric element 430b is bonded to the optical low-pass

filter 410 in such a manner that the long side of the
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froma resin or a netal, and serves to hold the optical |ow pass
filter 410. The optical |ow pass filter holding nenber 420 is fixed
to an i mage sensor hol di ng nenber 510 with the use of screws. [0052] A
bi asi ng menber 440 biases the optical |ow pass filter 410 toward the
i mge sensor 33. The biasing nenber 440 is engaged with the optical

| ow- pass fi Igierzobokdt Agc neMdIen 426800 Thehbtiasi Hig nerben 448z68lectric
electrically connected to the portion (ground) of the digital canera
100 t hat haslamgnoundxpatdntiralpariéeduniaicetiof dtherophbeal sidww Eass
filter 410 is also electrically connected to the portion (ground) of
the digital addserendlooftthet ohbscal dovundspotidrreiral 10 Baghteope higeeral
connections, it is possible to prevent a foreign substance such as
dust and di POIE6mM Béi Rl etrdcitGdstatrearfyfhttdcHdd t o the surface of
t he opti cal ass filter 410.. [0053]An el astic nenber 450 has a
frame shape éﬁ%@ ant TaF1 §PEFFThI H 87 SSr dddL8Bcttbnls gidprpded in a

panduiched. by, Che ORI SAl. LouRass 111 10,00, Lhe oBticalcors v

| ow pass filter ﬁoFd?ng e

opti cal | owassaLil LelA10.q wh chocavses,Lhe glastic tenber 480 19

be conpressed betwee e optical” Tow pass optical

| ow pass fi litgrphekdEng: denbey, 430%)@{"9&5‘14:] Thareberes 1he sid engthof

the force for conpressing the elastic nmenber 450 is det'erm ned based

on the biasigigzbereetthat1thenbsasinganenzeb 448nappiiesit ovar&-4he
i mage sensor 33. The el astic nenber 450 may be made of a rubber

mat eri al or edeneatbangod cam neEoer pak fsunl asnBEARMNqregitsher d

trademark). [0055] An optical nmenber 460 is an optical nenber

construct edmovements. These movements then cause the optical low-pass
filter 410 to also perform a periodic bending deformation. The
state of the vibration will bé described concretely below.
[0051] An optical low-pass filter holding member 420 is made
from a resin or a metal, and serves to hold the optical low-pass
filter 410. The optical low-pass filter holding member 420 is
fixed to an image sensor holding member 510 with the use of
SCrews.
[0052] A biasing member 440 biases the optical low-pass
filter 410 toward the image sensor 33. The biasing member 440
is engaged with the optical low-pass filter holding member 420.
The biasing member 440 is electrically connected to the portion
(ground) of the digital camera 100 that has a ground potential.
The surface of the optical low-pass filter 410 is also
electrically connected to the portion (ground) of the digital

camera 100 that has a ground potential. Due to these

connections, it is possible to prevent a foreign substance such
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by bondi ng a phase plate (depolarization plate), an infrared cut
filter, and a birefringent plate having a different refraction
direction fromthe optical |owpass filter 410 by 900. The optical
menber 460 is adhesively fixed to the optical |owpass filter hol ding
menber 420. [0056] The i mage sensor hol di ng nenber 510 has a

rectangul ar sgpenspdonmed ther ebhhgughcvhiere ti Be1l fRge s58R%0fo Ihd S
fixedly held while being nmaintained in an exposed state. The inage

sensor hol disngfaesbef S16 drs ifdaxedotveopibe foitedbady.of the digital

canera 100 with, for exanple, screws. [0057] A mask 520 is held by

bei ng sandwil®®881by fheeoptticahetiowr gadhds htforarkosthiprg swesbant U220 y

and the inmage sensor 33 to prevent an entry of excess light fromthe

out si de of &iFkotegraphteovptiacaliopat Anfintd Fvliphge bEnShe @Icical

[ 0058] I mage sensor biasing nenbers 530 are a pair of right and |eft

bi asi ng mend&"sPEdRstttied Y epratrbesprthid! e reragélsepsdrolding

bi asi ng nenbe%% 53 are Lixed to the inqgg gensogt ol din qggbef 510

by screws, ARICBFESS t hBF s SENEgI=3" AyHFRSTS CHE THeGE SbHLer=°

hol d! ng nen%rlt%.njfolllo[,om(r)l?lgél‘-lrggugg; It%%'ellaosv’\c’_i%argesmgelrl &&5 télboe é:gmpressed

configured inthis
between the optical low-pass filter 410 and the optical low-pass
filter holding member 420.
[0054] Therefore, the strength of the force for compressing
the elastic member 450 is determined based on the biasing force
that the biasing member 440 applies toward the image sensor 33.
The elastic member 450 may be made of a rubber material or a
urethane foam material such as PORON (registered trademark).
[0055] An optical member 460 is an optical member constructed
by bonding a phase plate (depolarization plate), an infrared
cut filter, and a birefringent plate having a different
refraction direction from the optical low-pass filter 410 by
90°. The optical member 460 is adhesively fixed to the optical
low-pass filter holding member 420.
[0056] The image sensor holding member 510 has a rectangular
opening formed therethrough, where the image sensor 33 is
fixedly held while being maintained in an exposed state. The
image sensor holding member 510 is fixed to the main body of
the digital camera 100 with, for example, screws.

[0057] A mask 520 is held by being sandwiched by the optical

low-pass filter holding member 420 and the image sensor 33 to
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way, as a result of which the optical lowpass filter 410 is
supported so as to be capable of vibrating while being sandw ched by
t he bi asi ng nmenber 440 and the el astic nenber 450. [0060] Next, a

vi bration occurring at the optical |ow pass filter 410 according to
the present exenplary enbodi nent will be described with reference to
Figs. 3 to Brel0R6134 nerdthe, prresepbsexenpharirihodi sedtida 41 avel | ing
wave nmoving in the long-side direction (the left-right direction in
t he draw ngshoobgtdyghoptamalcalowapassnts | tler 4ibdel segeoerza ed at the
optical |low pass filter 410. More specifically, a traveling wave is
gener at ed atl00A8] opt fwade|ugraskifsinemerberhyd thaseny davie b8 ndiandg
vi brations, which are shifted in time phase fromeach other and have
di fferent coénsetaff velarider neabsasscoast i HetshtivcalaFewepaisd T4 | Tee

410. [0062]Fig.3 is a graph illustrating relatjonships between the
frequenci es ‘BAEC &RNTXUBESS BRI CREPGFBratl RenbdeRd ERcilted™aps I sor

tical | filt 4 di to_ t t I
enbod ment . PRCTTF UTTAT o I B 7315 BENTIRS Vibrat i one ofHipe o3
d ib I ' i iRdi cat ed um,
and. a_bendi Q"B Aty ori B TorD) Cor AL TRT on0ode | s oxci {ed

at a frequengysppdi C%@%p"éJa(lnl*&n)~pasls09§§1le§%tlbii@cén%;{%g}@{‘%{ i 1Qf

a voltage to be applied to the piezoelectric elenments 430a and 430b
so as to saiksfyathe salatd epshhpcl (HHe SphkshbMHlywpakes ril tpessidlig

to utilize both the resonance of the bending vibration of them order
vi brati on negepantded heo resaamee cababhe dENeivihtdingr ahi da wdirdde
(mtl)-order vibration node. If the frequency f is set so as to
sati sfy thesrebatcoadbypcHe<biésing nbmbsr gddsaryl eh¢ elabilic zembhe 450 .
resonance of the morder vibration node, but it becomes difficult to
utilize the[P888hanc¥est  therifomal)onreerunsioatioheneeéicsil nkevthes s
frequency is separated away fromthe resonance point of the _
(m+1) - or der fHitbrattth ar6@EiAdtn $heaveesetoeaaPrFury kEpPodipephavill
frequency f is set so as tq satisfy the relatiaonship f(ml) < f, it
is possibIebFodﬁFFF?EﬁgdﬁﬂylﬁﬁgeFé GRah2e" t¥S t he %OmP1) - or der
vi bration g . in tge esent exenpl ary _enbodj nent, .the freguency f
's set withitROPRL ranGe BatPSTITRY THEPAT &t FBAGRIEA Yy Yt {ih1)
to utilize thg.rBSOPAPCE, Afnd N ROLBAYT BI ALLOLATOGSS 1eft-rignt
direction in the drawings) of the optical low-pass filter 410
is generated at the optical low-pass filter 410. More
specifically, a traveling wave is generated at the optical
low-pass filter 410 by causing two bending vibrations, which
are shifted in time phase from each other and have different
consecutive order numbers, at the optical low-pass filter 410.
[0062] Fig.3 is a graph illustrating relationships between
the frequencies and amplitudes of two vibration modes excited
at the optical low-pass filter 410 according to the present

exemplary embodiment. As illustrated in Fig. 3, a bending

vibration of an m~order vibration mode is excited at a frequency
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[ 0065] Figs. 4A and 45 illustrate waveforns of the morder and

(mtl) -order vibration nodes, and voltages applied to the

pi ezoel ectric el enments 430a and 430b in a case where mis an odd
nunber. [0066]Figs. 4A and 43 illustrate the waveforns and vol t ages
when mis 9 (m- 9), which is one exanple of mas an odd nunber. Fig.
4A i |l ustratiesiitheec@pisd cilm)l, 0unpas odridithgr v4dBatsovicinvad fhem tdieier
main mrror 6 side. The piezoelectric elenments 430a and 430b are
bonded to thebsartfacejodshiichexsittddsera tirdduenicraged sensor a33f (rofl)t.he
optical |low pass filter 410. [0067]As illustrated in Fig. 4A, in each
of the bendil®§63lbr afeshingfa tireauaocyi bradt icomohbaes , tabpl aprl ity tof
nodes is generated at regular intervals in the |ong-side direction of

t he pi ezoel &6€r PECEPRIfTE cAsbanames 4308, 21d 4H® Fengs Sideadifextiten

of the optical |owpass filter 410. In Fig. 43, the anplitudes and
ti me phases "6 24 PBr AR it cufreht™ 1@85%%JébBP?%kP%%E?ﬁ@lllzebOth

pi ezoel ectric el enents 43 and 430b ar.e expres by real ¢ onents
and inaginaF%eégﬁ%gﬁ%ﬁF%O EFEQ%%<§6¥’Y?ﬁf%ﬁﬁﬁﬂ‘ﬁg%%Fﬁ¥a]€5ﬁévc$g%§ﬁ§n

vi bration rn%%t%'ak$0§§41¥5%55§ﬂdélkfighé e&égﬂéadfgrﬁgﬁégtgg %ﬁ% Fig.

4B i ndi cat es e alternating-current voltages tTor t endr n

vi bration Of(mt-l-hz_—gkgégexfikﬂa&ri@ni pBgsvde.r The EQ%&@QC}} ¥ thestable a5
illustrated in Fig. 43 indicates the alternating-current voltages for

the (m+l) - ondesavidbrathendmdaontheprow £ @) i actihepbabli d kbust 1 ated
in Fig. 43 indicates the alternating-current voltages for the bending
vi brati on ofthehecéondpcordertnd bratben wbishes sl tediehybQ0 it betdim sof
time phase. [0069]1n this table, by setting the anplitude ratio
bet ween difficult toutilize the resonance of the (m+1l)-order vibration
mode, since the frequency is separated away from the resonance
point of the (m+l)-order vibration mode in this case.
[0064] Further, if the frequency f is set so as to satisfy
the relationship £ (m+l) < £, it is possible to utilize only the
resonance of the (m+l)-order vibration mode. In the present
exemplary embodiment, the frequency f is set within the range
satisfying the relationship £f(m) < £ < £f(m+l) to utilize the
resonance of the both vibration modes.
[0065] Figs. 4A and 4B illustrate waveforms of the m-order
and (m+l)-order vibration modes, and voltages applied to the
piezoelectric elements 430a and 430b in a case where m is an
odd number.
[0066] Figs. 4A and 4B illustrate the waveforms and voltages
whenm is 9 (m = 9), which is one 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
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t he bending vibration of the morder vibration node and the bendi ng
vi bration of the (m+l)-order vibration node to be A'1l, the voltage of
t he bendi ng vibration of each vibration node is standardi zed based on
the anplitude of the bending vibration of the morder vibration node,
so that the bending vibrations of the two vibration nodes have the
sanme anpl it adass3od 804 Bpbhhedbendhagurifeat i of is ke odeordethe image
vi bration node and the bending vibration of the (mtl)-order vibration
node, whi chskessshi33edf nHe mptphaseloelmisyeitlaetrhélfirst bendi ng

vi bration by 90, can be sinultaneously excited at the optical

| ow- pass fillPEFTHIO0 By hblbﬁlﬁgfattr@él aht Eipat #hg- ourgasit O\folttlag}é%nding
indicated in the rows (1% and (3) illustrated in Fig. I n ot her
words, the VaPgetieRbrdt FondrCanlbedebdt medepy aaﬁﬁlly”iih?gtif lpé nodes is
alternating-current vaolt indicated in the row (4) illustrated i

Fig. 4B. [OB9TPReXE aﬂ&%&iﬁm%ewa ° B8 gielPbT a0t o7 or- e
optl cal Iow—t ass fé(l}etferc 410 "‘"1%{}1 Qs E&?dl ng, v4|3 %atl on§hof tnh 31 Q
vi br ati on nodes? are si Ul tanéous y excired Accor i'ng to T g-
above- descrl t Ln | a o]

a ninth-or de??\g/(i: rati glntfr% %qc lal%%%%sg?zgtrceg gtl%% nggegl%?gt@lte
si mul t aneougly eXcad £ Ry ey %agéénpk €21 {042l R08 urPe @, & tages
illustrate the behavior of the optical |ow pass filter 410 in each

time phase whenithecbernd ng evioknattons ofeddiecd Waoui brat 1oL ndes are
simul taneously excited with their tinme phases shifted from each ot her
by 90. The kapirzesntdlbydire£licoaponants gsid bnanth& y ephesentits £he each
position in the optical |owpass filter 410, and the positions from
the left endft bheheendigit widadienexpf essed iyrathonnundes cal val ues
of O to 360. Further, in the description below X indicates the

| ong- si de dilP8€BI on @heth@woﬁtl ddal thewtphss #ilesfradrQ, iv Fhdi cHBes
the short-side direction of the optical |ow pass filter 410, and Z

i ndi cates tR8dh6RRRF WY esc]t‘%eéﬁaéﬂnﬂﬁéuﬁjf%fh‘é VOl[t@@?Q] FAT FFos. ‘pancling 6,

c rEpresent%'%Qgtngqg 'He m- %rger vibration mode. The row (2) in the

table illustrated in Fig. 4B indicates the alternating-current
voltages for the (m+l)-order vibration mode. The row (3) in
the table illustrated in Fig. 4B indicates the
alternating-current voltages for the bending vibration of the
(m+1l)-order vibration mode shifted by 90° in terms of time
phase.

[0069] In this table, by setting the amplitude ratio between
the bending vibration of the m-order vibration mode and the
bending vibration of the (m+l)-order vibration mode to be A:1l,
the voltage of the bending vibration of each vibration mode is
standardized based on the amplitude of the bending vibration
of the m-order vibration mode, so that the bending vibrations

of the two vibration modes have the same amplitudes.
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bendi ng vi bration of the ninth-order vibration node, and D represents
t he waveform of the bending vibration of the tenth-order vibration
node. Further, E represents the synthesized waveform of the two
nodes. [0074]1n other words, E represents the actual anplitude of the
optical low pass filter 410. F represents the accel eration of the
optical |owpass]lfil trae ¥dQiny therdtdbs est ikan. mAofyreivgBrsubsh ance
attached to the surface of the optical |owpass filter 410 is being
conveyed by anmelceh#ivghdirforvibranidvhe hahealndl yestdeon vadrhheovptddgl

| ow-pass filter 410 is defornmed. [0075] More specifically, when the
curve F, whiwbhcheps eseniteed he atoelmrats grlbrhivhetZ tdier ¢t s orherstiows
a positive value, a foreign substance is thrust up out of the plane,
and recei ve¥iRrpoier Hn9Phe Gror halS AUlEEPEONS Y axd tedrate the amiictnl
represents a di splacenent of the optical |lowpass filter 410 in this
ti me phase. ?WePFB?éFdﬁe§Uﬁ§¥§Hé§iJéﬁk?@%§1§eFB?E%P$rF%qﬁ?quﬁﬁtages

d t t, t f th d

per ods. | ndi'CaEBATBY 1 Le‘iw'i"ﬁﬁ" faff SR ralgh | “%@9 8 e
f b h fl t .
nogat i ve. di FSCEr ol et i ?%?ex@ EPLES R0} oLy BT SELL 80 ) oo

by "In (n =¢he gltgr%aﬁfh&aéﬁ%ré%taqglgageéQQ%Q] éicégzgh%yr5$e(4

forei gn substance Is conveyed to the posSitions in "Xn (n =

1, 2, 3, ...4i1hustkBcddeiprespentypexenpl ary enbodinent, as the tine
phase progresses, the position Xn (n =1, 2, 3, ... ) is being

shifted in tlo@7pesit Neetdi & eelsiceapef ot he 1X Her@_&zeirpaf Séhdatr bheche

foreign substance is being conveyed in the positive direction of the

X directionopft@0Z7]Nextpashki §ilTer Hlastrat ebetbmndionf v uraticorns of thwe
two vibration modes are simultaneously excited according to the
above-described control method. In the present exemplary
embodiment, a ninth-order vibration mode and a tenth-order
vibration mode are simultaneously excited by way of example.
[0072] Figs. 5 and 6 illustrate the behavior of the optical
low-pass filter 410 in each time phase when the bending
vibrations of the two vibration modes are simultaneously
excited with their time phases shifted from each other by 90°.
The horizontal direction in Figs. 5 and 6 represents the
position in the optical low-pass filter 410, and the positions
from the left end to the right end are expressed by the numerical
values of 0 to 360. Further, in the description below X
indicates the long-side direction of the optical low-pass
filter 410, Y indicates the short-side direction of the optical
low-pass filter 410, and Z indicates the normal direction of

the plane.
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pi ezoel ectric elenent 430a. Fig. 7 is a three-sided drawi ng of the

pi ezoel ectric element 430a. As illustrated in Fig. 7, the

pi ezoel ectric el enment 430a includes a piezoelectric nenber 431, which
is a single piezo elenent, and four kinds of electrodes fornmed on the
surfaces of the piezoelectric nenber 431, i.e., a drive el ectrode AF,
a drive el eqopode ABInars@Nsql eleet rodeesfosdaitds angr QUhds eheds ede
SB. [0078]As illustrated in Fig. 7, two drive electrodes Al and one
sensor el ecbeadenSF a@seatfianmed @heansniti-ateidr (vabiratsbn stusdegcendohD

t he piezoelectric menber 431. In other words, a plurality of drive

el ectrodes AEprsséotsrethowaviedosur bacehd Karthnig vgbresuidace) tdfe t he
pi ezoel ectric nmenber 431. [0079] Two drive el ectrodes AB and one
ground el ectteatb-SBler o7 fyrmdenoncde suriaddeB, (B seRorrPsEr thée) of

t he piezoelectric menber 431. The two drive el ectrodes AF and the two
drive el ect PEaé8eAR et &FGired &F SBRhCPoditdsns that they have a
front-back rel gtionship with respect to the piezoelectric er 4
from each o874 The Lpre i YRT R edt FORBES SR Bt HEbt o SHPT pace OF
el ectrodes AB are .drive el ectr s f exciting a vihbration at the
optical | owtggso ecfl'lclatl elrow4f .Ss[ %glgt(ﬁﬁr%({ao pi glzroe %cstern :ég ekfee?r%%?fe raitvlé) o
circuit 111, | £h. i nt ! J t ie :
voltage to Fﬁgﬁ%é?ér?%%fgfé%%%%g%g&%%E%%3hfﬁ%p?&§&§f?ggﬁé|%ﬂ??ﬁﬁg?
AB, thereby svibReghtogtthenoptbcale bownass s kinkt gt i410. 1d0Q8LEThE ter
sensor electrode SF is a vibration detection electrode for detecting
a vibrations4ab tBepopid cndpadpagsrétéieinglD.fothe sensps eeiir ode
SF is forned between the two drive el ectrodes AF on the surface F
(the first slirkacednods tite picgdeelletdwigasenhicrteA3210The Sefisored.

el ectrode SF is connected to the vibration detection circuit 112.

[ 0082] The grl®8iA8] el e¥prodweSBfisaélgctvhicoailieycoonméctwd dhorepresents

the acceleration in the Z direction, shows a positive value,
a foreign substance is thrust up out of the plane, and receives
a force in the normal direction of the curve E, which represents
a displacement of the optical low=-pass filter 410 in this time
phase. The foreign substance receives a force in the right
direction (the positive direction of the X direction) during
the periods indicated by “rn (n =1, 2, 3, .. )” in Figs. 5 and
6. The foreign substance receives a force in the left direction

(the negative direction of the X direction) during the periods

indicated by “ln (n =1, 2, 3, .. ) in Figs. 5 and 6.
[0076] As a result, the foreign substance is conveyed to the
positions indicated by “¥n (n=1, 2, 3, .. )”. In the present

exemplary embodiment, as the time phase progresses, the
position Xn (n =1, 2, 3, ..) is being shifted in the positive

direction of the X direction, so that the foreign substance is
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the portion (ground) of the digital camera 100 that has a ground
potential. The ground el ectrode SB is fornmed between the two drive

el ectrodes AB on the surface B (the second surface) of the

pi ezoel ectric nenber 431. The sensor el ectrode SF and the ground

el ectrode SB are formed at such positions that they have a front-back

rel ationshi patinghcbespRed itr0 thBepps £z0R! @Gt-eLei FBRMYErt3% &i oo eas
other. [0083] The vibration detection circuit 112, to which the sensor

el ectrode SHoO0g7¢onnaeked, Fo®Ni 1 orisl awaassouhputovdl Jiage iganer aties
by the sensor electrode SF is changed relative to the ground

el ectrode SBierskethchasc selgmeunid 480kt ageg.t 0 detzcthmeerisbdatli drewing
the optical |lowpass filter 410. [0084] The drive el ectrodes AF, the
drive el ect cddébe AB.e2ded esémd or c bdresstty ddeasF Asandluhergreding Fig. 7,
el ectrode SB are connected to a flexible printed circuit board (not

i |1 ustr at ed)ErPICTiccidéIrett 31 tef e AR CHY L B r RbP 2 RVrsTted i e r
bondi ng wit se of an. ani sotrapic conductive fil CF), .[0085] The
drive el ect plc? eswﬁﬁcgnﬂstﬁesj“d}q e PeF&Lt PO B aé":ge(iéblﬁngé{lgﬂ o the
pi ezoel ectric element drive circuit 111 via irin ttern of the
Pl exi bl o priACG ERP e TGPl 1T RGBT eodol BELTT & B EeRte LT

sensor el ectyzqde; SE, wWhichyd 8.8, YLBL &k Og'.dg%%ieoaﬁcr%'d%%é ,Ogﬁsgeﬂs%r

connected to the vibration detection cifcui 2 viathe wri
pattern of thecdkkeykbse, pridted Guneuktcbossdh fa. the piezoelectric

el ement .
[0078] As illustrated in Fig. 7, two drive electrodes AF and
one sensor electrode SF are formed on a surface F (a first
surface) of the piezoelectric member 431. In other words, a
plurality of drive electrodes AF is formed on the surface F (the
first surface) of the piezoelectric member 431.
[0079] Two drive electrodes AB and one ground electrode SB
are formed on a surface B (a second surface) of the piezoelectric
member 431. The two drive electrodes AF and the two drive
electrodes AB are formed at such positions that they have a
front-back relationship with respect to the piezoelectric
member 431 from each other. The two drive electrodes AF and
the two drive electrodes AB are drive electrodes for exciting
a vibration at the optical low-pass filter 410.
[0080] The piezoelectric element drive circuit 111, which
is a control circuit, alternately applies a voltage to the two
drive electrodes AF and the two drive electrodes AB, thereby
vibrating the optical low-pass filter 410.

[0081] The sensor electrode SF is a vibration detection

._20_




[ 0086] The ground el ectrode SB is connected to the portion of the
digital canmera 100, which has a ground potential, via the wiring
pattern of the flexible printed circuit board for the piezoelectric
el enent. [0087] The thus-configured piezoelectric elenent 430a is
bonded at the surface For the surface B thereof to the optical

| ow pass fikteetdddeifosuchteatARBNGr vihadtidie JroRGesbgei®dl tihgi-pass

pi ezoel ectric elenment 430a is in parallel wth one short side (one
side) of the&iaptircall.l onhpassishoir & Bscdddie FO0BBlFbhrepieznRleacttd Gwo
el ement 430b is configured in a simlar manner to the piezoelectric
el ement 430driTheelpicdzodeeAY v Blerenfad8@b (tise Homdedsatfadee slirthace
F or the surface B thereof to the optical |owpass filter 410 in such
a manner thatezhel¢orgl sngeber 48he pilezoeteet plecer et 1430Mries tedl
parallel with the other short side (the other side) of the optical

| ow pass fi [(PefPA10-PI OS] REXECTaCUeSEFF T drtdni || be given of the

ositions of sensor el ectrodes SF respect veI fo d on the

D ool oot 11EBELon 8L fEsaar S a%%°%§ﬁpws BEE LT ot FPERSF RS

430a anq 433?1 are Q%?ld d tO c{ hef %%t I<§: ltaciwc-: It?esrsa ?bbd’%}ﬁ 4has amnd
a and

[ 0090] Fi g rat e plezoele ric elenen
with their %B%Eﬁ%?é %%Eaﬁﬂ§9u§% Lhe SHETACE Ok 18y YRtLcal Lipw-Rass
filter 410 at t i mage sensor SI as viewed

drive electrodes AB on the surface B (the second surface) of
the piezoelectric member 431. The sensor electrode SF and the
ground electrode SB are formed at such positions that they have
a front-back relationship with respect to the piezoelectric
member 431 from each other.

[0083] The vibration detection circuit 112, to which the
sensor electrode SF is connected, monitors how an output voltage
generated by the sensor electrode SF is changed relative to the
ground electrode SB, which has a ground voltage, to detect a
vibration of the optical low-pass filter 410.

[0084] The drive electrodes AF, the drive electrodes AB, the
sensor electrode SF, and the ground electrode SB are connected
to a flexible printed circuit board (not illustrated) for the
piezoelectric element by thermal compression bonding with use
of an anisotropic conductive film (ACF).

[0085] The drive electrodes AF and the drive electrodes AB
are connected to the piezoelectric element drive circuit 111
via a wiring pattern of the flexible printed circuit board for

the piezoelectric element. The sensor electrode SF, which is
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fromthe i mage sensor side. [0091]As illustrated in Fig. 8, the

pi ezoel ectric elenent 430a is bonded to the optical |ow pass filter
410 in such a manner that the long side of the piezoelectric el enent
430a extends al ong the one short side (the one side) of the optical

| ow-pass filter 410. The length of the long side of the piezoelectric

el ement 430a ¥ spapProaxbaptet yoreauakttoad he sl enidr @l enanehertrsdids
(the one side) of the optical |owpass filter 410. [0092] As

i Il ustrateddefeEtgon8&itdiea pilezoel ecitd eriel agepdt 430 dfs thenteskita e
the optical |owpass filter 410 in such a manner that the |ong side
of the piezpeletedi cietenenoad3dVifoextbadsied @mnigdtire coehemeshort si de
(the other side) of the optical |owpass filter 410. The I ength of
the | ong si d@08f1t he Thregoelrttalicctaberetit i430pniectpprioxithatedstion
equal to the length of the short side of the optical |ow pass filter
410. [0093PAsthentidred 468¢&2 A0F ordligh 8aBst s POSAVEY Rl Via
t hrough a vibration of the optical |ow s filter 410 at the
frequancy 1 OFCHEEd RATGRAPE Ehe Bl EnBr b G dohey SR SH d
be a frequer%%% cagablf f .%?geﬁfreati ng a travelling wave nost suitable

0
to the conveyangé BRTWeeH rmeeal&éncy f(m and f(mtl). [0094]Fig. 8

h i cal | ' 0 f
schenmati ca [bobhhus”r%e%&slé&‘(ﬁdrfc%d VE,QENEL Igfcd ﬁef%%%aﬁgggufgcy

f. Fig. 8 illustrates only the opt OW- pass ter t he

IO! 6206! ectr ib%n@le@@@%%e“s’iﬂ?fa%@ 4308 hass W eweds farRmcRer 4 FREEsSENSAr
side with the other nenbers omtted therefrom Further, the shaded

area in Fi glo%-bssanfiopidrcah oefd eclchve ramea rat hOwithg 16239 $TdeSbonmf
o piezoelectric element 430a is in parallel with one short side
(one side) of the optical low-pass filter 410.
[0088] The piezoelectric element 430b is configured in a
similar manner to the piezoelectric element 430a. The
piezoelectric element 430b is bonded at the surface F or the
surface B thereof to the optical low-pass filter 410 in such
a manner that the long side of the piezoelectric element 430b
is in parallel with the other short side (the other side) of
the optical low-pass filter 410.
[0089] Next, a description will be given of the positions
of the sensor electrodes SF respectively formed on the
piezoelectric elements 430a and 430b when the piezoelectric
elements 430a and 430b are bonded to the optical low-pass filter
410.
[0090] Fig. 8 illustrates the piezoelectric elements 430a

and 430b with their surfaces B attached to the surface of the

optical low-pass filter 410 at the image sensor side, as viewed
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imaging light flux incident on the digital canmera 100. [0095]As
illustrated in Fig. 8, a traveling wave is generated so as to travel
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
410 filter to which the piezoelectric elenents 430a and 430b are

bonded. At thios theBimaysStaddsdracsyqwave of a first-order vibration
node illustrated in Fig. 8 is generated in the short-side direction
of the opti qaoshpw passifildteratdDin] O0P6]sThehbrmkevdlicnerin Hiagnend

i ndi cates nodes of this first-order stationary wave. This first-order
stationary va¥e irasomdrel hodeeiap tilve lshorpasisdd Idierettd om sofhtehenner
optical |lowpass filter 410 at each of the opposing sides symetric
about the céglﬁftthaxl@l%fSlﬁﬁe%th TeicdecdPFeELF onl BFFeTthé 38pt $ends

| ow-pass filter 410. This first-order stationary wave is a_stationary

wave gener afe@ 4t e PP%qﬁﬁé’r‘r’ctysb%?v\ﬁé:&? tHe SFP‘@&]L%%E?efC(HF)lC(atlh%O"anﬂsﬁer
br at 1 d br at

rodey. | L00STTALFSr Bt b StBoTSHEa! &% AERUE D SEHE Shr' P BLbFoPrE L TE
tical 410 d t he | d t f

?ﬁelggtlcaleﬁgégﬁg§%&frﬁ§é?pﬁ %ﬁ%;1 gyﬁ%%% Fg'ﬁgggeo gﬁhé%kggf% q;0

wave, whi ch Jikavebel fod e d eqng)fs't@l% dbrecti on,pfothe copticalg,

| owpass filter 10 and e first-order stationary wave generated in
the short-sif@@odhr ectaison pist e QPtihcal 5! e passyfdddleALQc element

[0098] The anplitude of the synthetic wave, which conveys a foreign

subst ance, i430mBXd PbE@EH 8b thhepartanal ovapaS si i i@ 410 in such a manner
that the long side of the piezoelectric element 430b extends
along the other short side (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.
[0093] As mentioned above, a foreign substance is conveyed
through a vibration of the optical low-pass filter 410 at the
frequency £ (£f(m) < £ < £(m+1l)). At this time, the frequency
f should be a frequency capable of generating a travelling wave
most suitable to the conveyance between the frequency f(m) and
£(m+1).
[0094] Fig. 8 schematically illustrates a traveling wave
generated at the 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 with the other

members omitted therefrom. Further, the shaded area in Fig.

8 is an optical effective area allowing transmission of an
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short-side direction of the optical |owpass filter 410, which
corresponds to the anti-node of the first-order stationary wave
generated in the short-side direction of the optical |ow pass filter
410. [0099] The anplitude of the synthetic wave, which conveys a
forei gn substance, is gradually reduced fromthe central axis of the

short-side %gfgﬁ%%qﬁt thexOphicabnt avk Rass dhighter 4dR-+owayd the
node portion of the first-order stationary wave generated in the

short-side dooesti onaofithesoptdecalinl evgpass 4 idderc1429. wdhens t he
anplitude of the synthetic wave, which conveys a foreign substance,
IS mnimzedeatrdthed nadespact coavel imetHd rishgosder Siaddwoinar yfwane
generated in the short-side direction of the optical |ow pass filter
410. [0100] Phekefbrley-phes dripltietrudtlel saf ¢i citdwetdiwe ccpnaye erdrotigiudgar
substance may not be acquired at the node portion of the first-order
stationary waveqyeheraredde rt heeshpEical devdPreetth féf teRetOptiiEal
| ow-pass filter 410. [0101] According to the present exenplary ,
embodi nent, CPRE TR GFERE BHTTHIS HoRepard U0t aFe PRPIR opt H13éd
to generate_the node of. the first-o%derfstq;io ary ve outside the
optical eff&&PFye? at &bt W St HaV wor o3, t e $- Sro%’\i\gﬁ%tjo%ﬂ i"Cal

| ow-pass filter 410 18 i%e%jti.f’ gte ﬁ?e%@%faﬁggeino} é@%JEtﬁéﬁanﬁ[eJ&c&ﬁoﬁs

stationary wave appears ou e optical effective area.

aresult, ipel sppossila q%waggggrgiipgragpyitude sufficient to
convey a foreign substance within the optical effective area of the

optical |ow;pgss)filtee ¥ddeed 0103] Thert pavel 1 AdIGWRe noWwBE CHE tHamel S
in the | ong-side
first-order stationary wave. This first-order stationary wave
has one node in the short-side direction of the optical low-pass
filter 410 at each of the opposing sides symmetric about the
central axis of the short-side direction of the optical low-pass
filter 410. This first-order stationary wave is a stationary
wave generated at a frequency between the frequency f£(m) (the
m—-order vibration mode) and the frequency f(m+l) (the
(m+1) ~order vibration mode).
[0097] A foreign substance attached to the surface of the
optical low-pass filter 410 is conveyed in the long-side
direction of the optical low-pass filter 410 by a synthetic wave
of the travelling 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.
[0098] The amplitude of the synthetic wave, which conveys

a foreign substance, is maximized at the central axis in the
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direction of the optical |ow pass filter 410, is reflected at the end
of the long side of the optical |ow pass filter 410, i.e., the end of
the optical |lowpass filter 410 where the piezoelectric elenents 430a
and 430b are not bonded. This results in generation of another

vibration different fromthe first-order stationary wave generated in

the short-sisde di5egd i©QRe0f:LH OPLL QﬁJtilcQWW%afsisl %?Ité‘ﬁ@;lo, which
[0104] The refl ected wave generated at the end of the | ong-side of the

optical | owcpassspbhdetodte hmt riRlLess Whthr t:he -syathelda waveyhike
conveying a foreign substance. This interference | eads to unevenness

in the degreenetatbée iamphéetirde wisitdeed sysaittiedn o fwaive cpitd cgenesvatdaaR
of a vibration with a phase different fromthat of the synthetic wave
for conveyi iglaefofed gn substance in the vicinity of the end of the

l ong side of the optical |lowpass filter 410. [0105] Therefore, if the
sensor el ectlP888]1 SF Tse| yeatdoidsutcdi deer evathate a avhe nbdeh gfonvey's
first-order stationary wave generated in the short-side direction of
the optical 3 BW¥EPESPTEIC2165 HREVGEME FreRIceet et ior ceanmat axis
accurately detect the synthetic wave for conveying.a foreign
Substance. PB106] BHOEHeY UIREr SIS 17 PR Roreor L o dATbAel 58 (440

| ocated on the_nqde of the first-order, statiqgnary wav enerated in

t he short-s% gaagrg%?i%ﬁ1%ﬂPQFﬁéOBpP?C%?eI%Rﬁ%%iﬁééﬁfl g?gﬁifertwave

becones di f%ﬁgkgtw fol %hg%aﬁs&@% yipratigon from %Sfagic ¢ due 1.

the smal|l amplitude of the synthetic wave for carryin oreig

substance. [f910&}Fofot hesens 6aroRsp1t PEaPI SZeBLES)Li it Bl emBiLS 304
and 430b are bonded to the optical |owpass filter 410 so that the

sensor el ectbagess Sk fohengofswaraprs,t i oneth bat-waeat the nedesp®ftitdhe

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

t he opti cal offovkpdassstibt@sr 4tB8rionary wave generated in the short-side
direction of the optical low-pass filter 410.
[0100] Therefore, the amplitude sufficient to convey a
foreign substance may not be acquired at the node portion of
the first-order stationary wave generated in the short-side
direction of the optical low-pass filter 410.
[0101] According to the present exemplary embodiment, the
size of the optical low-pass filter 410 is optimized to generate
the node of the first-order stationary wave outside the optical
effective area. In other words, the size of the optical
low-pass filter 410 is set so that the node of the first-order
stationary wave appears outside the optical effective area.
[0102] As a result, it is possible to acquire the amplitude
sufficient to convey a foreign substance within the optical

effective area of the optical low-pass filter 410.

[0103] The travelling wave, which travels in the long-side
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[0108] I n other words, the sensor el ectrodes SF are positioned between
a plurality of nodes of the vibration generated in the short-side
direction of the optical |owpass filter 410 to which the

pi ezoel ectric el enments 430a and 430b are bonded. In the present

exenpl ary enbodi nent, the sensor electrodes SF are positioned on the

central aXi§i9£c£D§n§ﬂpEBéQQQ%xghrQgﬁfﬁgséﬁﬁ¥iQ§rO@$@FQE Low Passy at

filter 410. [0109] This arrangenent allows the sensor electrodes SF to

detect the syptbeliss wave1bayi agid ke kaergestiamplidwudestort hesehy o,
easily distinguish the vibration froma noise. Further, the influence

of the refl ected wewe-rgenar ahedoptithe ehd-Rfsst fe1kengs 50 denafe tthe
optical lowpass filter 410 is being reduced toward the central axis
of the shorpiskdeleftttie dpecnak Ko0apasd 4304 ered4bOf bowmded. This

[ 0110] Therefore, positioning the sensor el ectrodes SF on the central
axi s of thershottssirdgeptreheonmtii eapthonwiasstiphtdrf prengl foer thise
sensor electrodes SF to accurately detect the traveling wave

conveyi ng aff&pbrgRiubstaicearyoT2If THR S e b nt hBesehbr~Tl%ct r ode
SF may be any size allowi ng the sensor 0de SF to produce an

out put voItgéﬁegﬁf??c?%ﬁﬁF§‘¥%¥§§} %ﬂﬁﬁggg%é{_ eFeéé > The drive

ol ectr ode Afghfaflo*hES" HRE 100 SN LAR B LBIAL 190, ol B ol oo

31?3;rg?gcﬁ§8§§§giﬁégﬁ%q¥ﬁbgF§%gﬁ%?%QL%kg% §§1BQ§QHRJ%ntLQ%&Z&JﬁﬁjﬁMD
the synthetic wave for conveying a foreign substance. This
interference leads to unevenness in the degree of the amplitude
of the synthetic wave and generation of a vibration with a phase
different from that of the synthetic wave for conveying a
foreign substance in the vicinity of the end of the long side
of the optical low-pass filter 410.
[0105] Therefore, if the sensor electrode SF is located
outside relative 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 synthetic wave for conveying a foreign substance.
[0106] On the other hands, if the sensor electrode SF is
located on the node of the first-order stationary wave generated
in the short-side direction of the optical low-pass filter 410,
it becomes difficult to distinguish the vibration from a noise
due to the small amplitude of the synthetic wave for carrying
a foreign substance.

[0107] For these reasons, the piezoelectric elements 430a
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el ectrodes AB fornmed at the piezoelectric el enent 430a are referred
to as a first drive electrode, and the sensor el ectrode SF fornmed at
the piezoelectric elenment 430a is referred to as a first sensor

el ectrode. [0113]Simlarly, the two drive el ectrodes AF and the two
drive electrodes AB forned at the piezoelectric elenment 430b are

referred to,ag @30%6993%%6\6%8'@@5 ggca@% %sge@§pgexel4@@t§&%a%F

formed at tﬁe pl ezoel ectric el enent is referred to as a second

sensor el eCt;ﬁ@dgené&l_Jéh]ero@egzgﬁl@@éfé&f %J&nﬁatsl_d_mw@d ChdGididn Thi
is connected to the first drive electrode of the piezoelectric

el ement 430acasd dshecisecandtdbirder esectt@de yoivatrbegphezoed @i itte

el ement 430b, respectively. A voltage applied fromthe piezoelectric
el enent dri gkocifsidd dilrkcttdohhef ptlee omdteictali ¢ ogl-eaeat §1 UBHa 4id 430b
is controlled by the MPU 101. [0115] The vi bration detection circuit
112 is conné@ledlto Theothestwoseissoichel eensodes fctitodegi EFodfectric
el ement 430a and the second sensor el ectrode of the piezoelectric

el enment 430B°SAR otgPUre THe6m ﬁh@l‘fliF?Js%t%é?fsd’rOd@ISe@ffrgla% Bfpration

pi ezoel ectric el ement, 430a and an  qut put fron1the second sensor _pass

elgctrode gﬁePﬁﬁab?%iﬁbFaﬁt§WQ¥t eP& ANt RS oy 8%i HBUCPERTE t
t t 1 Q116] The, f b
vibration ?éi?a%ﬁﬁlf'rcu i1 e[p1ez§£I Srr Or%%ﬁ§e§% S%?B%fa%f%ﬁ%%

operation a ot Ré'pfestnt ' &xemplary e

descri bed 3%EQ ﬁgigéfpc?ntghgqé¥%sé%% E9e§81a£§§émﬁ%élh§n@,n@ﬁé‘sensor

fl omchart
electrodes SF are positioned on the central axis of the

short-side direction of the optical low-pass filter 410.
[0109] This arrangement allows the sensor electrodes SF to
detect the synthetic wave having the largest amplitude to
thereby easily distinguish the vibration from a noise. Further,
the influence of the reflected wave generated at the end of the
long-side of the optical low-pass filter 410 is being reduced
toward the central axis of the short side of the optical low-pass
filter 410, too.

[0110] Therefore, positioning the sensor electrodes SF on
the central axis of the short side of the optical low-pass filter
410 allows the sensor electrodes SF to accurately detect the
traveling wave conveying a foreign substance.

[0111] The size of the sensor electrode SF may be any size
allowing the sensor electrode SF to produce an output voltage
sufficiently larger than a noise level. The drive electrode
AF is an electrode for exciting a vibration of the optical

low-pass filter 410, so that it may be effective to form the
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the foreign substance renoval operation according to the present
exenpl ary enbodi ment. [0117]In step S100, the main flow of the
forei gn substance renoval operation is started. [0118]In step 5110,
the switch sensor circuit 106 detects a turning-on operation of the
cleaning SW44. In step 5120, the MPU 101 detects the internal

tenperaturedgﬁv&rgﬁégéyé&@.ngggkg %QOhQ@§%QSQQet %9%%%%ta£r§gg§fﬁie.

t enper at ures sensor 113. 119] In step 5130, 101 reads out

the tenperatgigzflat argtorgd dh-an aleetbiiedl Ay slasakl e.BrogLaamabl e
read-only nmenory (EERPOV) 108. The EEPROM 108 stores data in which

mai n drivi ng1pataset erss cRradldabedthasgte o5 HRHieUS 1 pheht M I are
driving operations and the tenperature data at the tine of execution
of the prel rpiftparyddoi a8 ag ioperdtiwnslacerassosndted ssrtsh resicdr totchler .
[0120] I n step S140, the MPU 101 determ nes whether the internal

t enper at ur e Sef fotreediagi the woarmed et00idet baonewd ¥A08tiep rSE2OrEd Wh talsi n
any of predeterm ned tenperature ranges set based on the tenperatures
stored in t ReTEEPROMIDE: dlecthedrnt ernal tenperature of the digital
canera 100 is_within _any_of_the ter{perature ranges (YES in ste

S140), the pPLALsi ngiPrbREREs Tost@PpsHFaYe | $1eHe 9ditefhapnd the two
t t f the digital 100 .i t.wthi th
L enber at Ur 6 RGeS TN TP FBp TSI 2C THE Bi HECTsiiig T SheRde: (0P
step S150. L%2%L!f9r§£§p1iosja5so1a %Qﬁok/ﬁ%}%e deferpnes %&t&?ﬁ! dd&or
el apsed tine aftéer execution of the forergn subst ancé Tenova

operation i g 1WthbHe asPr ISR @tn%get%ﬁ@zéé’a{&ﬁ:ﬁ%{ ch Bradvang®, id f
the el apsed tinme after execution of the forelign substance renoval

operation isgeWelhid theapredelenm Bedsbine1sangRie(YES in step S150),
the processing proceeds to step S170. If the elapsed tinme from

execution offouhe]f or ehghpsubss anee ireealkn@per aid AMidcaimot 1M LHi n

the predetermned tinme range (NO in step S150), the processing

proceeds tocshepcS260to the first drive electrode of the piezoelectric
element 430a and the second drive electrode of the piezoelectric
element 430b, respectively. A voltage applied from the
piezoelectric element drive circuit 111 to the piezoelectric
elements 430a and 430b is controlled by the MPU 101.
[0115] The vibration detection circuit 112 is connected to
the first sensor electrode of the piezoelectric element 430a
and the second sensor electrode of the piezoelectric element
430b. An output from the first sensor electrode of
piezoelectric element 430a and an output from the second sensor
electrode of the piezoelectric element 430b are input into the
vibration detection circuit 112.
[0116] The foreign substance removal operation according to

the present exemplary embodiment will be described with

reference to Figs. 9A to 9C. Fig. 9A is a main flowchart of
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[0122] I n step 3160, the MPU 101 executes a prelimnary driving

operation. The details of the prelimnary driving operation will be

descri bed below. [0123]In step 3170, the MPU 101 executes a main

driving operation. The details of the main driving operation will be

descri bed belom1 [0124] In step 3180, the MPU 101 starts a tinme count.

As a resul t fb?ep%?) secatn%enggﬁg{}glt%% Ziegcgb qhﬁé nce tt
cere or ne I'n

foreign substan operation iIs

MPU 101 fun%&bggﬁta§xéh§lég%»%%BQH@ﬁeH@It for measuring the elapsed
time since the piezoelectric elenment is driven. [0125] Then, in step

3190, the mabaifjow of $he kanei ghhsuwbshantces eneNalrepesat s @kstishce
ended. [0126]Fig. 93 is a sub flowhart illustrating the details of

the prelim mamgvdl i ypengptoper dtsi erarkteédstrated in step 3160 according
to the present exenplary enbodinment. [0127]1t is necessary to

si mul t aneoudPy18kci t ént :h’ee;beﬂdjOngthe switch sensor circuit 106 detects

t he

a turning-on operation of the cleaning SW 44. In step S120,
the MPU 101 detects the internal temperature of the digital
camera 100 based on an output from the temperatures sensor 113.
[0119] In step S130, the MPU 101 reads out the temperature
data stored in an electrically erasable programmable read-only
memory (EERPOM) 108. The EEPROM 108 stores data in which main
driving parameters calculated based on previous preliminary
driving operations and the temperature data at the time of
execution of the preliminary driving operations are associated
with each other.

[0120] In step S140, the MPU 101 determines whether the
internal temperature of the digital camera 100 detected in step
S120 is within any of predetermined temperature ranges set based
on the temperatures stored in the EEPROM 108. If the internal
temperature of the digital camera 100 is within any of the
temperature ranges (YES in step S140), the processing proceeds
to step S170. If the internal temperature of the digital camera
100 isnotwithin any of the temperature ranges (NO in step S140),
the processing proceeds to step S150.

[0121] In step S150, the MPU 101 determines whether the
elapsed time after execution of the foreign substance removal

operation is within a predetermined time range set in advance.
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vi bration of the morder vibration node and the bendi ng vibration of
the (mtl)-order vibration node, which is shifted in tine phase
relative to the bending vibration of the morder vibration node by
90, at the optical lowpass filter 410 to generate a travelling wave
at the optical lowpass filter 410. [0128] Therefore, it is necessary

to detect how Larae g dif ft?c{xm?”&&éﬂ()e%{?%t%ﬁs fiﬂ}eg%?égéﬁds% Rl

when the optical | ow pass ter as the bending vibration of the

morder Vi brakho81 e and when, the nophé Gl d@WrRasSA fiilde b a4dD Rass
t he bending vibration of the (mtl)-order vibration node with the sanme

time phase as thepmmder thebpabiossidPYcthRan, thtstisp dagiorabl e dhe
determ ne the anount of the tinme phase difference of the bending

vi brati on okltheeimtine dirder exébuatimom imide foomdrheubendhag removal
vi bration of the morder vibration node in consideration of the

det ect ed ti wpephasendisfiey entlein fD230jcRortcananpfiaimefranpe (P eotsekp
time phase difference is 10 between the bending vibration of the

m or der vi bfaPPon AL EAREIHEIDEREFRg Vi B? attidth 80t he (m+l ) -order
vi bration nmode, it is determ ned that the bending vibration of the
(m+l) - or der [ORBRAt | onPnBleP| SL&hi fihed PR ﬂpﬁee’bﬁ%‘é"e@sf Po RCE ™ bRALY ng

i brati f. th der_vibratj de b 0131] Thi ttin
Takes | ¢ poSar BBTt G Hl Taneblsl I Gl £ maebERAl M. V1B ar O 8t
th d ' L , th ' i brati f th
(mﬂ; E)cr)rgcrar\él [ rrg%%?rgn%e?ea%%sgﬁ%bggg%?%é}d“ [ Lat: (r)rg ghaseer el ative

to the bendiggo¥hbrathon.of §Pey MYderyvhBiation,ymde R%;i304-2b;the
opti cal | ow pass
operation. The details of the main driving operation will be
described below.
[0124] In step S180, the MPU 101 starts a time count. As a
result, it is possible to measure the elapsed time since the
foreign substance removal operation is performed. In other
words, the MPU 101 functions as a time counter unit for measuring
the elapsed time since the piezoelectric element is driven.
[0125] Then, in step S5190, the main flow of the foreign
substance removal operation is ended.
[0126] Fig. 9B is a sub flowchart illustrating the details
of the preliminary driving operation illustrated in step S160
according to the present exemplary embodiment.
[0127] It is necessary to simultaneously excite the bending
vibration of the m-order vibration mode and the bending
vibration of the (m+l)-order vibration mode, which is shifted
in time phase relative to the bending vibration of the m-order

vibration mode by 90°, at the optical low-pass filter 410 to
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filter 410. As a result, it becones possible to generate a stabilized
travel ling wave at the optical |ow pass filter 410. [0132]In the
prelimnary driving operation, first, a vibration is detected by the
vi bration detection circuit 112 when the bending vibration of the

m order vibration node is excited at the optical | owpass filter 410.

The bendi ngg\é gEQEéO”t%véfﬂr&‘%‘i%QSrat S E'ﬁ]lcab 9§w A g?ﬁ‘&%%’bds

to a first V|brat|on exci t ration of

the m order wlaé?tl ORnAPde-AL, the lgoweeels %9 PESSe fdddd %wﬂgrge a
corresponds to a first driving node. [0 ubsequently, a vibration

i s detecteddhyrthenydt bratige fetectd %@n@ké@@&tbeltla%ewﬂﬁﬁbr& hechandig
vi bration of the (mtl)-order vibration node in the sane tinme phase

w th the m arelepayibfalian 410dRa b StieXGidnaidngt vibea opdni od@ thewpaskr
filter 410. [0134] The bending vibration of the (mtl)-order vibration
node here, whicchtisnimpdehendamentihreophasal wovhipthe fidneirngl O/hbe atheon
of them order vibration node, corresponds to a second bendi ng

vi bration, &sgdéxreivibrptine bénthagnvildrariden vibrdel (mmmbHeovier the
vi bration node in the sane tinme phase with the morder vibration node
cor r esponds SEGea 3B oM i34 fGenBderdpuIsH Wi that, it is

det ect ed how | ar?e a dlfference is
29 Then, 1t 1s desirable to determine the amount of the

time phase difference of the bending vibration of the
(m+1)-order vibration mode from the bending vibration of the
m-order vibration mode in consideration of the detected time
phase difference.

[0130] For example, i1f the detected time phase difference
is 10° between the bending vibration of the m-order vibration
mode and the bending vibration of the (m+1l)-order vibration mode,
it is determined that the bending vibration of the (m+1l)-order
vibration mode is shifted in time phase from the bending
vibration of the m-order vibration mode by 80°

[0131] This setting makes it possible to simultaneously
excite the bending vibration of the m-order vibration mode, and
the bending vibration of the (m+l)-order vibration mode, which
is shifted in time phase relative to the bending vibration of
the m-order vibration mode by 90°, at the optical low-pass
filter 410. As a result, it becomes possible to generate a
stabilized travelling wave at the optical low-pass filter 410.
[0132] In the preliminary driving operation, first, a

vibration is detected by the vibration detection circuit 112
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generated between the tinme phase of the vibration detected when the
bendi ng vi bration of themorder vibration node is excited at the
optical low pass filter 410, and the tinme phase of the vibration
detect ed when the bending vibration of the (mtl)-order vibration
node is excited at the optical |owpass filter 410. [0136] Then, the

MPU 101 genetates, dri vi araneters for,use in the main driving .
S SR T BTETRE Rt il B s o=

. Q
operati on base I e phase erence.

functions as,a;drjvi gt}%? ten 18%‘%&%@9&&@ t1 ol 0137 B@?‘aﬁgﬁg 101

;
stores the data in ich the generated driving paraneters,

t enper at ur e ;@3Rge; §8to MasEUn Of-ddie vi BLEE Dah P eEAL W& Rfpbhes to a
digital canera 100, and the date and tine when the driving paraneters

are gener at ed risf 31 iEgPROM d908:n aked as&atiiabethe Hhad BEEPROMr2080n of
corresponds to a nmenory storing an operation paraneter.

[ 0138] Executthenmedrddre vpbehibnaiodedric vi g cpperali bow-gddsewsiater 410
cal cul ation of the driving paraneters for sinultaneously exciting the
bendi ng vi brcatrireapofids hieo e oridert dicbrang onodode and t he bendi ng
vibration of the (m+l)-order vibration node, which is shifted in tine
phase rel at ilPa38d t héubepdiagt iy bratviibgastophés ndordredvihr &~fon node

by exactly 90, at the optical |ow pass filter 410. _ _ )
vibration detection circuit 112 when the bending vibration of

the (m+l)-order vibration mode in the same time phase with the
m-order vibrationmode is excited at the optical low-pass filtexr
410.

[0134] The bending vibration of the (m+l)-order vibration
mode here, which is in the same time phase with the bending
vibration of the m~order vibration mode, corresponds to a second
bending vibration, and exciting the bending vibration of the
(m+l)-order vibration mode in the same time phase with the
m-order vibration mode corresponds to a second driving mode.
[0135] After that, it is detected how large a difference is
generated between the time phase of the vibration detected when
the bending vibration of the m-order vibration mode is excited
at the optical low-pass filter 410, and the time phase of the
vibration detected when the bending vibration of the
(m+l)-order vibration mode is excited at the optical low-pass
filter 410.

[0136] Then, the MPU 101 generates driving parameters for
use in the main driving operation based on the detected time

phase difference. The MPU 101 functions as a driving parameter
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[0139] I n step S200, the sub flow of the prelimnary driving operation
is started. [0140]In step S210, the piezoelectric elenment drive
circuit 111 sets the frequency f, the voltage, and the power supply
time for power application to the piezoelectric elenents 430a and
430b. [0141] The frequency f for use in the prelimnary driving

operation i equency as the frequency f for use in the
mai n drivi néegggragﬁg%n&{ﬁlﬂé val ue of this frequency f is different

for each 'ﬁ%llagaum trhéoﬁp§U§oiostJr%rs exanph€s £h VAfilBt ¥nbNgdherateq
t hi cknesses of the optical |owpass filters 410 and a difference in

the ambi ent LreRpegabirStetdid s dHequapeyafutan-hed ecegnhzed by, cHor
exanpl e, neasuring the resonance frequency of the optical |ow pass

filter 410 vinthruse ofmpd et @canpl ehe adlidipedanneranady,zenhd the date
[0142] During the prelimnary driving operation, it is sufficient to
vi br at e t he aopt t ioad whemtpassr i ilrtgepa Eb( teirtsha marpbnt valeeq dstthal TRRROM
the vibration detection circuit 112 to detect the vibration. [0143]1In
t he present 1&8enpkardssediciarent Th¢ iggiveMdép 8t fenresponds to a memory

storing an operation parameter.

[0138] Execution of the preliminary driving operation allows
a calculation of the driving parameters for simultaneously

exciting the bending vibration of the m—-order vibration mode
and the bending vibration of the (m+l)-order vibration mode,
which is shifted in time phase relative to the bending vibration
of the m-order vibration mode by exactly 90°, at the optical
low-pass filter 410.

[0139] In step 5200, the sub flow of the preliminary driving
operation is started.

[0140] In step>3210, the piezoelectric element drive circuit
111 sets the frequency £, the voltage, and the power supply time
for power application to the piezoelectric elements 430a and
430b.

[0141] The frequency f for use in the preliminary driving
operation is the same frequency as the frequency f for use in
the main driving operation. The value of this frequency f is
different for each imaging unit 400 due to, for example, a

variety in the thicknesses of the optical low-pass filters 410
and a difference in the ambient temperatures. This frequency

f can be recognized by, for example, measuring the resonance
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of this fact, a first voltage, which is applied to the piezoelectric
el ements 430a and 430b during the prelimnary driving operation, is
set so as to be a lower voltage than a second voltage, which is
applied to the piezoelectric elenents 430a and 403b during the main
driving operation. [0144]Further, it is sufficient to vibrate the

optical | Owﬁgéﬁ?gﬁgtoef tﬁ%oof;@:[c%htliowe Eygtflafdéeqfwllgg ‘5 .\ﬁisgrgf,i %gf

detection circ 2 to detect e vibration as t rirving tine

the piezoel egbhbece! enenisA30Q and1430p. [0145] Therefore, a first
driving time, for which the piezoelectric elenents 430a and 430b are

driven as oneiap¢rat papidyring ghe iprieki-m aaLyicy isddihtaparattons i s
set so as to be a shorter driving tinme than a second driving tine,

for which thkeffiezeet etcd riibreltenehtsodB0ea ancbwWwi3lk sare 1 det verD as thne
operation during the main driving operation. [0146]1n the present
exenpl ary erbediifmeat ] ushea Vodwiage thppiibed tiiontdeet quite roet Botuiitc112 to
el ements 430a and 430b by the piezoelectric elenent drive circuit 111
is set to béetgcy. thadviti@tiewer supply time is set to be 20 ns.
[0147] As a result, it is possible to reduce power consunption of the

di gital camdPd43d0, WAiTCIF PSSO FEPRIG AN YOI TSN f B FoBT e tion

present exenpl ary_epbodi ment, 0148110 step; 5220, the, piezoel ectric
plezoelectric elements 430a and 430b during the preliminary
driving operation, is set so as to be a lower voltage than a
second voltage, which is applied to the piezoelectric elements
430a and 403b during the main driving operation.
[0144] Further, it is sufficient to vibrate the optical
low-pass filter 410 for a time just allowing the vibration
detection circuit 112 to detect the vibration as the driving
time of the piezoelectric elements 430a and 430b.
[0145] Therefore, a first driving time, for which the
piezoelectric elements 430a and 430b are driven as one operation
during the preliminary driving operation, is set so as to be
a shorter driving time than a second driving time, for which
the piezoelectric elements 430a and 430b are driven as one
operation during the main driving operation.
[0146] In the present exemplary embodiment, the voltage
applied to the piezoelectric elements 430a and 430b by the
piezoelectric element drive circuit 111 is set to be 40 V, and

the power supply time is set to be 20 ms.

[0147] As a result, it is possible to reduce power
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111 drives the piezoelectric elenents 430a and 430b according to the
frequency f, the voltage, and the power supply time set in step S210
to excite the bending vibration of the morder vibration node at the
optical |low pass filter 410. [0149] The vibration of the optical

| owpass filter 410 is acconpani ed by generation of a voltage having

bi az0cl oot r FEPEPRREHTS Ha0k ai k0D GUETh 1. Brcher bott €%

plezoelectrlc o |ezoe ectric effect.

At this ti tr e nts
230a and 42‘%8%?‘2&%%%%%‘%?6%;?2?2?%@geﬁ%&%ﬂ?&%ﬁ% 0

V), so that rphagyi brahiandereet iap Hidzedibclli2: debtRehs QUBWircuit
vol tages fromthe respective piezoelectric elenments 430a and 430b.

[0150] I n t helexarplss ithkusid¢adeitbdurikl glerddhntand 345, arth 14808 0a ol A GRS
in the sane phase are applied to the piezoelectric elenents 430a and
430b t o excitbethdeErkendnng i hat vohtafe ,t bed netor dewei bratdlontboe .set
Therefore, the output voltage that the vibration detection circuit
112 det ect s ify sheph®2 bensorexgidet tbdebSFKofg thidrpitéppePecthre crelnsieant
430a, and the output voltage that the vibration detection circuit 112
det ects froMiPratsenserdeladctiedersicat e HﬂSézéélléeFrfl%Oel enent
430b show the_sane sine waveforns. [0151]1n ste S230

pi ezoel ect r itO18Pément P8r YARF T XU F Eﬁﬂ. Giyés '15F§§5%ﬁ58fr?%p is
el enments 430a _and_ 430 kgccordlng he f&e%ueng lﬁ th% volta €. ¢
and the powSr-SUBRIY°Tihe S&CT lg?e §?f@ IEXET 144 Re SBBRAT TG

¥: P[ 2? Zgootthtehj‘?reQ:fH*é41)cyOf gereny ?&?ééro@lé@{’z?oc?és 5he soptd gal, J;é’i’lé‘&&%sc

elements 430a and 430b due to the piezoelectric effect. At this
time, the ground electrodes SB of the piezoelectric elements
430a and 430b are constantly maintained at the ground potential
(0 V), se that the vibration detection circuit 112 detecte
output voltages from the respective piezoelectric elements 430a
and 430b.

[0150] In the example illustrated in Fig. 4A and 4B, driving
voltages in the same phase are applied to the piezocelectric
elements 430a and 430b to excite the bending vibration of the
m-order vibrationmode. Therefore, the output voltage that the
vibration detection circuit 112 detects from the sensor
electrode SF of the piezoelectric element 430a, and the output
voltage that the vibration detection circuit 112 detects from
the sensor electrode SF of the piezoelectric element 430b show
the same sine waveforms.

[0151] In step S230, the piezoelectric element drive circuit

111 drives the piezoelectric elements 430a and 430b according
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[ 0152] The vibration of the optical |ow pass filter 410 is acconpani ed
by generation of a voltage having a sine wave of the frequency f at
the sensor electrodes SF of the piezoelectric elenments 430a and 430b
due to the piezoelectric effect. At this tine, the ground el ectrodes
SB of the piezoelectric elenments 430a and 430b are constantly

o el e 2 L0 SHMBRCPOL ST (0, 550 Pt S o

detection circuit can tect out tages spective

pi ezoel ectrij¢ el &AL s 4308 and 4300 n 053] bt s 8XaMR) €n+1) -order

illustrated in Fig. 4, a voltage in the sane phase with the voltage
appl i ed wheribhetbendhdrg: Hibraki eptofat heowrrdersivicbration node is
excited is applied to the piezoelectric elenents 430a to excite the
bendi ng vi briattsan of Thbevi{vaih)i-cor der tivé hrcatiican bodepaddoweveer 410 tiki s
case, a voltage shifted in phase by 180 relative to the voltage

appl i ed whercthepbeneld iy wiebeatitdoon off teheofttepdenawiyy at sone modes o
excited is applied to the piezoelectric el enment 430b.

[ 0154] Ther eftdeef radvenguthat thel serron phectirdad BF atfi Yre deeeetlafric
circuit 112 detects fromthe sensor el ectrode SF of the piezoelectric
el ement 430K1SR6RES 43081k ed0R PHE WRavet BLATAREPCeSpBEf et t RE this

out put voltage that the vibration detectigon circuit 112 detects from
Che' sensor - GR8er bt BEHH PRECHF aS0bI T OF LR I CHARSIAS04LC, DRI

t he present enpl ary. enbodi ment, .the vihration . is detected based.on
t he out put \;l gl)ﬁfa Q%ne&‘? ¥%}?natrﬁec%résnncsdc§1rtlé’| gL I}btoa e egFa %ft%te h%roﬁllnéjz%% €c lra”llc

| t 430a, i ch, § of L
ol ement #3030, b9, Whi ehthe.yqlibages b he. SaecRbase: ano apldéde:

vi bration pf t hem order vibration noqe is excited
and when t h%ul%?n@lmt\ébege}ztﬂo%nt@ rE e dtids )i s A eI Rratd n cBRdR H S

excited. [0156]In step S240, a difference is detected between the

ti me phase ehd heowli bration detected when the bendi ng vibration of

the morder vibration node is excited at the optical |ow pass filter

410, and thgotssg phasetbé ¢henpidridtivenrdetecired when,t hevbetaiandn

vibration of the (m+l)-order vibration node is excited at the optical

| ow pass fi ldher s4hB. phase with the voltage applied when the bending
vibration of the m-order vibration mode is excited is applied
to the piezoelectric elements 430a to excite the bending
vibration of the (mtl)-order vibration mode. However, in this
case, a voltage shifted in phase by 180° relative to the voltage
applied when the bending vibration of the m~order vibration mode
is excited is applied to the piezoelectric element 430Db.
[0154] Therefore, the output voltage that the vibration
detection circuit 112 detects from the sensor electrode SF of
the piezoelectric element 430b shows a reversed sine waveform
with respect to the output voltage that the vibration detection
circuit 112 detects from the sensor electrode SF of the

piezoelectric element 430a.

[0155] In the present exemplary embodiment, the vibration
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[0157]Fig. 10 illustrates the output voltages that the vibration
detection circuit 112 detects fromthe sensor el ectrode SF of the

pi ezoel ectric elenment 430a. In Fig. 10, the vertical axis represents
the voltage, and the horizontal axis represents the tine. The voltage
repr esent ed by t he vertical axis is proportional to t he anplitude of

the optical ;Lowpass.diddaly 4104, LOMBLLD Fi.cl0c BoStne Yeyalorm vm

i ndi cat ed by t Ine i s an out ration

detection c'erlgeuo&é?sfd%fe%é M@mél@cﬁ%seﬁeﬁé&&wme 86 #hidihene
pi ezoel ectric el ement 430a when the bending vibration of them order

vibration nydethgeexchtetdk aandch@napti g8k dyriRassnkhl t8e ¥dfuidP159] A
phase Omin Fig. 10 indicates a tine froma start of driving the

pi ezoel ect r ivd bekeento f480a nt-0 rexeitit tare chandiengs \Wxdariatdohdfthen the
them order vibration node at the optical |owpass filter 410 to
det ecti on obenbénygivibabitonnaff tihe (opli eatddowvd passiond mbieri sddcined.he
vibration detection circuit 112. [0160]In Fig. 10, a sine waveform
Vmt1l i ndi catl®356y t hénbebkenS34the a didhcoanputisclategéethhetvern the
vibration detection circuit 112 detects fromthe sensor_ el ectrode SF
of the pi ezbMERTATE @F &RentiREsTa ARNEACE He hBheR 1SR BIHIIGON. 2 HiRe
(m+l) - order VI ration m)debls excited at theto tical | ow zﬁs filter
210, [ 0161] RTpHASE BHIA TRCFRE:O160Hfdi tat ok ST STAF PSS
filter 410, and the time phase of the vibration detected when
the bending vibration of the (m+1l)-order vibration mode is
excited at the optical low-pass filter 410.
[0157] Fig. 10 illustrates the output voltages that the
vibration detection circuit 112 detects from the sensor
electrode SF of the piezoelectric element 430a. In Fig. 10,
the vertical axis represents the voltage, and the horizontal
axis represents the time. The voltage represented by the
vertical axis is proportional to the amplitude of the optical
low-pass filter 410.
[0158] In Fig. 10, a sine waveform Vm indicated by the solid
line is an output voltage that the vibration detection circuit
112 detects from the sensor electrode SF of the piezoelectric
element 430a when the bending vibration of the m-order vibration
mode is excited at the optical low-pass filter 410.
[0159] A phase 6m in Fig. 10 indicates a time from a start
of driving the piezoelectric element 430a to excite the bending

vibration of the m-order vibration mode at the optical low-pass

filter 410 to detection of the vibration of the optical low-pass
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of driving the piezoelectric elenent 430a to excite the bending

vi bration of the (m+l)-order vibration node at the optical |ow pass
filter 410 to detection of the vibration of the optical | ow pass
filter 410 by the vibration detection circuit 112. [0162] Then, ed in
Fig. 10 corresponds to a tinme phase difference between the vibration

det ected when.th i i bration of the n d I i de i
detected ungn e DEDL DGt bl o0, 1 LG, o1 dor uibrat) on o 1o
wh the b i i brati fit 1) - I t.i j

snen, e bepgyag DLt 190, Ofo! e ML) QLSSE AN IDMS L3, oo

to the piezgeleel i GLLEMBNL AR 191 8X5d kR akhenbending s vhiatd an oaf
the morder vibration node is in the sanme phase with a voltage

applied to thecpiezoet efddd selreBRNthd 30 Xeicteotbeshending
vi bration of the (m+l)-order vibration node. Therefore, in the

present exeppkabyleaboit rErhenthesaborerdeserbbedhid Reophasen of the
difference is calculated with use of the output voltages detected
fromthe serisoi)ebede¢r oderSEioh ndme pisezoel Bt pricctied epentad 30ay-dae s
whi ch voltages in the same phase are applied when the bending
vi bration offiflkem ét@er vibration node is excited and when the
bendi ng vibration of the (mtl ) -order vibration node is excited.
[0164] I n st 4818280, ArhawsuoTOl cuFddl atCdnfReatefe phARE TOM pHgart
bendi ng vi bration of the gnwl)-order vibratiggonqge relgtg¥9 to t.hat
of the bendiPhg¥iHriet Hoh PofZPRES T bt W&rSUFBE &C1'8n"hbdEL t o §0P96H11€We
time phase gfliurgtt,%ggeotsq:hdeet(?ngktl?qolr e%t\?&rsazcéli%n mode at the optical
low-pass filter 410 to detection of the vibration of the optical
low-pass filter 410 by the vibration detection circuit 112.
[0162] Then, 6d in Fig. 10 corresponds to a time phase
difference between the vibration detected when the bending
vibration of the m-order wvibration mode is excited at the
optical low-pass filter 410 and the vibration detected when the
bending vibration of the (m+l)-order vibration mode is excited
at the optical low-pass filter 410.
[0163] A voltage applied to the piezoelectric element 430a
to excite the bending vibration of the m-order vibration mode
is in the same phase with a voltage applied to the piezoelectric
element 430a to excite the bending vibration of the (m+l)-order
vibration mode. Therefore, in the present exemplary
embodiment, the above-described time phase difference is
calculated with use of the output voltages detected from the

sensor electrode SF of the piezoelectric element 430a, to which

voltages in the same phase are applied when the bending
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[0165] Then, the MPU 101 performnms a vector operation to calculate the
driving paraneters for the main driving operation to simultaneously
excite the bending vibration of the morder vibration node and the
bendi ng vi bration of the (mtl)-order vibration node, which is shifted
in time phase relative to the bending vibration of the m or der

vibration ”‘%Crig)fgé]léﬁeofc%gH’({—%tragrdx%r%emo%tm&ﬂee %F&% e d Q¥4 Rgéﬁ the

filter 410 or exanple, in a case where t |ng vi bration

of the (mrl) onday Midiaaliban mede &nals;lewa@,@vagkéua/@mwe l@ee;!@@msdlg
vi bration of the morder vi bratlon node by 10 (the tine phase

difference qa163110) 1nt beepR2sI01 tset 8pt 1t cABcPh@ses ahet Aeme phase
(mtl)-order vibration node so as to be delayed relative to the tine

phase of thefmtardeenyiby atimrathiode olfy tBO. (h-01)6-drbrenyvibhet NbtJ e
perforns a vector operation to synthesize the paraneters for exciting
t he bendi ng ngillbrtaveoho ofthathe imtdred bendiibg at i lore tipde odt thhemoptdeal
lowpass filter 410, and the paraneters for exciting the bending

vi bration oWl@ﬁéteﬁ#ﬂQc@ndbﬁsw rathert imsdehasthidé AL pseres Prede tertache
phase relative to the bending vibration of themorder vibration node
by 80, at tH& &hePcal?ow pass filter 410. The driving paraneters

s BN R P SRR R o
TS CoL USRI A B LA O R o 401 Do

pi ezoel ect ri.g, gk ﬁﬂ?ﬁ‘éné‘&fiﬁ 3991@? PJT%SSeHaI SLAReE L Ent&f aa &%deézo

be applied to the piezoe ectric el enent 430 fromt tage to be

applied to the-Riezaehsgt rify elmephad4dfavibration of the (m+l)-order
vibration mode, which is shifted in time phase relative to the
bending vibration of the m-order vibration mode by the
calculated degree, at the optical low-pass filter 410.
[0166] For example, in a case where the bending vibration
of the (m+l)-order vibration mode is delayed relative to the
bending vibration of the m-order vibration mode by 10° (the time
phase difference 6d is 10°), the MPU 101 sets the time phase
of the (m+l)-order vibration mode so as to be delayed relative
to the time phase of the m-order vibration mode by 80°
[0167] Then, the MPU 101 performs a vector operation to
synthesize the parameters for exciting the bending vibration
of the m-order vibration mode at the optical low-pass filter
410, and the parameters for exciting the bending vibration of
the (m+1l)-order vibration mode, which is shifted in time phase

relative to the bending vibration of the m-order vibration mode

by 80°, at the optical low-pass filter 410. The driving
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[0169] I n step S260, the MPU 101 stores the driving paraneters for the
mai n driving operation calculated in step S250 in the EEPROM 108. The
driving paraneters are associated wth the tenperature range set
based on the tenperature data detected in step S120, and the date and
time when the driving paranmeters for the main driving operation are

gener at ed. %gjjgyzers sﬁzﬁegzggz%é ?ﬁ/egl!ilg vfeI chroé érh%',l%rneclzulf (r)nut% yas the

driving operatronis Pr OCESSi n urns
flow [0171 r I talls of
the main dr%jg?géngg%%iatr?eo%%% ffhg}[/\?g? % Hl’l %?Lé%% ge%%%)?[gl ng to the

present exeryphagy enmbadidvaRtngl Od/2ddde St 8R1 830054 hersuh-o Lomwiafqhe
mai n driving operation is started. [0173]1n step S310, the MPU 1015.I

reads out appreprdm@ilecdrtyidlig pacaselietsri®klthenf®dIdr avidftage to

operation fromthe EEPROM 108. [0174] More specifically, if the

t enper at ur ebdetippleed it the piezoelectric element 430b, and a phase
difference of the voltage to be applied to the piezoelectric
element 430b from the voltage to be applied to the piezoelectric
element 430a.
[0169] In step 5260, the MPU 101 stores the driving
parameters for the main driving operation calculated in step
5250 in the EEPROM 108. The driving parameters are associated
with the temperature range set based on the temperature data
detected in step S120, and the date and time when the driving
parameters for the main driving operation are generated.
[0170] In step S270, the sub flow of the preliminary driving
operation is ended, and the processing returns to themain flow.
[0171] Fig. 9C is a sub flowchart illustrating the details
of themaindriving operation illustrated in step S170 according
to the present exemplary embodiment.
[0172] In step 5300, the sub flow of the main driving
operation is started.
[0173] In step S310, the MPU 101 reads out appropriate
driving parameters for the main driving operation from the
EEPROM 108.
[0174] More specifically, if the temperature detected in
step 5120 falls within any of the temperature ranges stored in

the EEPROM 108, the MPU 101 reads out the driving parameters
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step S120 falls within any of the tenperature ranges stored in the
EEPROM 108, the MPU 101 reads out the driving paraneters for the
mai n driving operation that are associated with the tenperature range
wi thin which the tenperature detected in step S120 falls. If the
tenperature detected in step S120 does not fall within any of the

temperatur e [anges 1af ‘%‘%ﬂvqél%{‘ﬁggEg’fga;@% ]tgqga{t the VBLL101 seads g;&‘ge

the driving paraneters havin a e and tine as the

and time whepn ﬁ@fa@&é%ﬂ:@ﬂ DI ’RRLERS JOofnd RELPRLE I (Ifd ¥i AG-QRET ALIQR
wer e gener at erc[}. 0175 Ins?ep S320, the MPU 101 sets the driving

paraneters £opotfie @i N1 drdne AgmOPLLaliORet¥BLEN iar 8&©ad 20Ulod & nskep
S310, and also sets the frequency f, the voltage v, the phase

di fference, rand diheipowey SUPRE Yt dnige aftaf-epoavefe sappbi€atiinoBh & rERRRONe
pi ezoel ectric element drive circuit 111 to the piezoelectric elements
430a and 430b8, | vth¢ heepriédentaexeny ahy énbothgrgntramkboerexiaapirey thiee
MPU 101 sets 120V, 100V, and 500 ns as the voltage that the

pi ezoel ect r Letebenddte drid/ & igier egi the 1dappiridedimg when pile gbtisdng ¢
el ement 430a, the voltage that the piezoelectric elenent drive
circuit 111Papprebers of athehsi 8268| 881V 119 ePREHSHL CA3BHT e aFRF T SSower
supply tinme therefor respectivel¥%é&0176kDurin% the main drivin
operation, itRL78hsi ng™voiFPageslt & Hpalited 1o TR Ve 2GR FATT E TS
el enents 43Qa_and 430b,. and appl ying such .voltages for_a.lan r
SUpply & e tPEATS B S Aer RACE R ARE SN P TY Foeo it SEdP R IR

nemoving a Lenelod subsl ange ttached Lo Lhe Aatigal o opassdd | ter

410, so t hat" maXt nal I NnCrease ages are applred’ to t

pi ezoel ectriyg releDROL S 24308 AN, A0 1 P 1L B r AR r3330:1 dahte oNRUY L0

increments a repetition
the piezoelectric element drive circuit 111 to the

piezoelectric elements 430a and 430b. In the present exemplary
embodiment, for example, the MPU 101 sets 120 VvV, 100 V, and 500
ms as the voltage that the piezoelectric element drive circuit
111 applies to the piezoelectric element 430a, the voltage that
the piezoelectric element drive circuit 111 applies to the
piezoelectric element 430b, and the power supply time therefor,
respectively.

[0176] During the main driving operation, increasing
voltages to be applied to the piezoelectric elements 430a and
430b, and applying such voltages for a long power supply time
lead to an increase in the possibility of succeeding in removing
a forelgn substance attached to the optical low-pass filter 410,
so that maximally increased voltages are applied to the
piezoelectric elements 430a and 430b.

[0177] In step S330, the MPU 101 increments a repetition
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count n of the main driving operation. [0178]In step S340, the

pi ezoel ectric elenment drive circuit 111 drives the piezoelectric

el ements 430a and 430b according to the conditions set in step 3320.
[0179] This driving results in sinmultaneous occurrence of the bending
vi bration of the morder vibration node and the bending vibration of

t he (nwl)-oggﬁéF;%bggt&qgmﬁggjggig§n3rgé§fg{£d%.tine phase relative to

t he bendi ng ion of t morder-vibration node by the cal cul ated

degree, at &BQ7§PtiP§h:$£%%§ﬁ&§ Ehé%ﬁ%z@é@ecgpiée@@ﬁéﬁ%kﬁﬂvecﬂrcuit
corresponds to a third driving node of sinultaneously exciting the

first bendi ngivipiadld @Rcaptk 148 326080 DaNch g 4B0Bratd anopWdEdrdisig
out of tinme phase with the first bending vibration and has a next

hi gher or | ewerher defiditiaohs Retoidesteb $3wo first bending vibration.
[0180] I n step 5350, the MPU 101 determ nes whether the repetition
count n of tIR&7@ki n @hivi dgi dper akisah teear hesnd pmeses vatwerende toife
repetition count n of the main driving operation reaches the preset
val ue (YES ithesbepd8350yibnatd opr oéesbe my pravesddresisnepoS360nd |the
the repetition count n of the main driving operation does not reach
the preset P&RgdéngNO-PFrGEp o5350%, (Bhe) priotassithgapieteeds ¢ st ep
3330. [0181]|n _step. S360, the sub_flow of the main drivin _operg%&%n

.

s ended, aff fhBIpILERREI i Tt Bl o P rifioPg] L Pration o

[0182] Accor gnl—ggdteg Ji%%a'%%%er@&dee%(? T Ieaégllceung%%idnggéfeé,t ai:%:he optical
low-pass filter 410. This operation corresponds to a third
driving mode of simultaneously exciting the first bending
vibration and the second bending vibration, which is out of time
phase with the first bending vibration and has a next higher
or lower order than the order of the first bending vibration.
[0180] In step S350, the MPU 101 determines whether the
repetition count n of the main driving operation reaches a
preset value. If the repetition count n of the main driving
operation reaches the preset value (YES in step S350), the
processing proceeds to step S360. If the repetition count n
of the main driving operation does not reach the preset value
(NO in step S350), the processing proceeds to step S330.
[0181] In step S360, the sub flow of the main driving
operation is ended, and the processing returns to themain flow.
[0182] According to the present exemplary embodiment, it is
possible to simultanéously‘excite the bending vibration of the
m-order vibration mode and the bending vibration of the

(m+1) -order vibration mode, which is shifted in time phase
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possi ble to sinultaneously excite the bending vibration of the

m order vibration node and the bending vibration of the (mtl)-order
vi bration node, which is shifted in tine phase relative to the
bendi ng vi bration of themorder vibration node by exactly 90, at the
optical lowpass filter 410. As a result, it is possible to generate
a stabilized travelling, ""%&Sd%ﬁ the optLgale Low 9%‘%&% Ix)i%%gtilgfr(?mo]ge
Further, it rs pOSS|bIe€%o Feduce power consunppion at thetine o

the prelim B?@ka@@lﬁim,%@%ﬁé PR, c8YaR.Ibakhe&highesty pogshbl& e,
voltage is set as the voltage to be applied to the piezoelectric

el ements 430a ango430h1tadrBxhaBhty £xe8bithe-d erelgn sabsiadCe: the
renoval ability at the tine of the main driving operation.

[ 0183] Wi | eocbbecpr esenrbaksv@tteeiTas beephdesctiedows il ¢ eberence
to exenplary enbodinents, it is to be understood that the invention
is not |im pedetocédheundisicinosed texehjpharyt ertizogireeninsnadhedsicope of
the following clains is to be accorded the broadest interpretation so
as to enconpassablénnudieh ¢ationdiobqarvedsniblst vattawes.s anld as the
functions. WHAT IS CLAIMED |S: 1. A foreign_ substance renoval

appar at us cERPERSE e Ren 28pLiedl tardsePicaopl esbel e Clemenes ehlfit and

attached to ghe thicaI menber ; , .
430b to maximally exert the foreign substance removal ability

at the time of the main driving operation.

[0183] While the present invention has been described with
reference to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all

modifications, equivalent structures, and functions.
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a drive control unit configured to drive the piezoelectric elenent in
a first driving node for exciting a first bending vibration of the
optical nenber, a second driving node for exciting a second bendi ng
vi bration of the optical nmenber, and a third driving node for

si mul t aneously exciting the first bending vibration and the second
bendi ng vi bration, the second i i i .havi ng an order
different froman order of the%%??s?gbg%éﬁﬁﬁﬁ\n ration; a
vi bration detection unit configured to detect a vibration of the
optical nenber when the drive control unit drives the piezoelectric
element in the fiirst gidatifg sipdearnd e waCeRP gk VS NGomidies i rand

a driving paraneter generation unit configured to determne a driving
paraneter for when theogtiyvel andiigedd; unit drives the piezoelectric
elenment in the third driving node based on a tine phase difference
bet ween a vi brati onaobithecbpticial atemeer whigbhed dettbet edtwheh t he
drive control unit drives the piezoelectric elenent in the first
driving nodaemgad;a vi bration of the optical nmenber which is detected
when the drive control unit drives the piezoelectric elenment in the
second driving node@ drive contrjapditn CORELERFSR oMol APt is
configured tq drive the piezoelectric_elenent in the third driviqg
node with u?éeéf’eiﬁ%tﬁlr‘? VTG pdr aftet et Tt Erdi hed 1S RETdFFG hgnd 2
par anmet er generatiaon,.unit. . 2. .The foreign substance renpyal_.
appar at us a%ggrs i S el B FR L en o TS Op%cea%eﬁnﬁnq%e%r FVE ST otdd
and a senso e o] i ric el nt,..
wherein theaﬁﬁkvgggo%%?gfﬁﬁ%?{qﬁgoggn%ggﬁggﬁzgghgﬁﬁﬁg ?ﬁegﬂg éptlcal

pi ezoel ect rixgrgbeMenty by 2RRLYLAGy By Y0801 0s 1 dieve select s 0de g
and wherein the vibration detection unit is configured to

detect the whlrationehding eioaloneABerhd KeBbal iHpWy Fiemthe,
sensor el ectrode. 3. The foreign substance renoval apparatus

accordi ng tahel & bending vibMaeienrhdhiengphazaeleactf f fe @dreMERbm an
includes a first piezoelectric elenment provided at one end of the
optical nemederand dhseforsl ficezridebervibiretedrenent provided at the
ot her end of the optical nenber,

a vibration detection unit configured to detect a
vibration of the optical member when the drive control unit
drives the piezoelectric element in the first driving mode and
the second driving mode; and

a driving parameter generation unit configured to
determine a driving parameter for when the drive control unit
drives the piezoelectric element in the third driving mode based
on a time phase difference between a vibration of the optical
member which is detected when the drive control unit drives the
piezoelectric element in the first drivingmode, and a vibration
of the optical member which is detected when the drive control

unit drives the piezoelectric element in the second driving

mode,
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wherein a first drive electrode and a first sensor electrode are
formed at the first piezoelectric el enent, wherein a second
drive electrode is fornmed at the second piezoelectric el enent,
wherein the drive control unit is configured to apply voltages in a
sane phase to the first drive electrode and the second drive

e!eCtrOde’ bOth MheQnggagrﬂﬁfdgggég%%t %ﬁtPg{l%,Scér¥afd'§g1x>qfive
PI ezoel ectric el enen and the secon prezoel ectric ele n In the

fi drivi A : _ todri he. fii
Lrst arivi @Qeg,i@gé‘z@é'@e . tel%mgﬁ’c‘éﬁbcc@{%t E}%Er&%h%{dg" eeakng: fil rate

pi ezoel ectric enment and the secon i ezoelectric elenent in the

second dri VichgtA®AEs i ANy parameter WMaILI nkhepyi HaldQnidet ©etditer
unit is configured to detect the vibration of the optical nenber from

an out put ofyehBeatisstusensor el ectrode, both when the drive control
unit drives the piezoelectric element in the first driving node and
when the drive control unit drives the piezoelectric element in the
second drivi ng node. 4. The foreign substance renoval apparatus
according to cl &-mThe foreign syhstaige trkaodril varrrortuel agaprdirg to
configured to apply a first voltage to the piezoel ectric el enment when
the drive c&ABiBl lunit drives the piezoelectric element in the first
driving node and the_ second drivi ng. node, wherein the drive
control unit is confP§aren  G5ppl §1aCSEhaNoPt PP Yo etRetrode are
pi ezoel ectri the drive control unit drives the

| t. when
piezoelectrFérgﬁgggﬁtt??f%%ﬁ?%ﬁ%%%EraFi9 H§"Node, and wherein the
first voltage is loygr Lhan,the second Mohtag@€: 15 configured to drive

the piezoelectric element by applying a voltage to the drive
electrode, and

wherein the vibration detection unit is configured to
detect the vibration of the optical member from an output from

the sensor electrode.

3. The foreign substance removal apparatus according to

claim 2,

wherein the piezoelectric element includes a first
piezoelectric element provided at one end of the optical member,
and a second piezoelectric element provided at the other end
of the optical member,

wherein a first drive electrode and a first sensor
electrode are formed at the first piezoelectric element,

wherein a second drive electrode is formed at the
second piezoelectric element,

wherein the drive control unit is configured to apply
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5. The foreign substance renpval apparatus according to claima1l,
wherein the drive control unit is configured to drive the

pi ezoel ectric elenent for a first driving tine when the drive control
unit drives the piezoelectric element in the first driving node and
in the second driving node, wherein the drive control unit

is configur ve the piezoel ectric el ement.for .a nd_ dri.vi ng
ti me when tﬁglgggve contro? Jﬁﬁf d??ve§aﬁﬁe% |§§5€?eceF%%%§ ementt\é’e

the third diiwibpg Jmde. efé&dﬁde both wﬁsﬁeeh% &vaé chﬁ%rQI LWk ROy AT TR

is shorter than the second vi'ng tine. oreign

subst ance repBVal r #PRAMBIILS cBEEOE HiNGH@ ghal mel,sefc,%h fe £OMRIdSiiRg
a menmory configured to store the driving paranmeter set by the driving

par anet er genemahtoin Whd fiaBd driving modet AA® WMtk HAi¥e control
configured to neasure an el apsed tinme since the drive control unit
drives the pnézoétrevesithelfdment piazddbedthiid edreimennganddiehe second
wherein the drive control unit is configured to drive the

pi ezoel ect r Péeepehertrin alrmenti id dh¢ vierpnrbdir iwiing uede ofanche
driving paranmeter stored in the nenory w thout causing the driving
par amet er gener at i ofR8hARL N tiopePatelon Aeheehsen Whéitel § ke gpsed to
ti me neasured by the tinme counter unit is within a predeterm ned

range. 7. THEC FSFe?@%‘@&H?F&ﬁ@eoféﬁﬁV&Ptéﬁﬁér%fTEe%ﬂ?6WHPﬂg°TEPut of

the first sensor electrode, both when the drive control unit
drives the piezoelectric element in the first driving mode and
when the drive control unit drives the piezoelectric element

in the second driving mode.

4. The foreign substance removal apparatus according to

claim 1,

wherein the drive control unit is configured to apply
a first voltage to the piezoelectric element when the drive
control unit drives the piezoelectric element in the first
driving mode and the second driving mode,

wherein the drive control unit is configured to apply
a second voltage to the piezoelectric element when the drive
control unit drives the piezoelectric element in the third
driving mode, and

wherein the first voltage is lower than the second

voltage.

5. The foreign substance removal apparatus according to
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claim1l1, further conprising: a tenperature detection unit
configured to detect an anbient tenperature around the optical

menber; and a nenory configured to store the driving
paranmeter set by the driving paraneter generation unit in association
with the tenperature detected by the tenperature detection unit,
wherein the drijeicontrol unit is configured to drive the

pi ezoel ectric elenent in the third driving node with use of the
driving paraneter swaeedihntHdarRIH Wt hebt & GausbRgi Jhedebdigre
parameter generation unit to operate, in a case where the tenperature
det ect ed by theept enperatturiec détaehicofiotna t £inemn ddieidyi ¥éme ortigrolthe
unit is caused to operate is within a predeterm ned range set based
on the tenpdravarenstrofeniitndt ireenenepyez8elantopt ptahemppartaeusicst
conprising: an optical nmenber; a piezoelectric elenent attached to

t he optical dféifbed;mode and in ghgr peeordnifbrinthimedgenfi gured to
drive the piezoelectric elenment in a first driving node for_ exciting
a first bending vi bPAEFBA" 0T % AETBPtT AT el 1 SaceREHYF & £0i gt ve
node for exciting a second bending, vibration of the optical nenber,
and a Chi rd K| DFRG SIIeE TGt COFRANE abtb s g RRE OF N5 Ath Ly Gpen re
bending vi brgli,en. andoh e, segond. bending, vLbLall o) Lhe, 5e8and ¢ r
bendi ng V|brat|on<%aV|ng an order different froman order of the
first bendingiviREahbQy; and a vibration detection unit
configured to detéct a vibration of the optical nenber when the drive

control unit drivesyhBeephezeel ectdd cirehergntihd 1hesHdret drbMi Age
node and in the second driving node; and

second driving time.

6. The foreign substance removal apparatus according to
claim 1, further comprising a memory configured to store the
driving parameter set by the driving parameter generation unit;
and

a time counter unit configured to measure an elapsed
time since the drive control unit drives the piezoelectric
element in the third driving mode,

wherein the drive control unit is configured to drive
the piezoelectric element in the third driving mode with use
of the driving parameter stored in the memory without causing
the driving parameter generation unit to operate, in a case
where the elapsed time measured by the time counter unit is

within a predetermined range.

7. The foreign substance removal apparatus according to
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a driving paraneter generation unit configured to determne a driving
paraneter for when the drive control unit drives the piezoelectric
elenment in the third driving node based on a tine phase difference
between a vibration of the optical nmenber which is detected when the
drive control unit drives the piezoelectric elenent in the first

driving node, apd;a wibnatl on,pf;khg optical nmember which is detected
when the drive control unit drives t%e pi ezoel ectric elenent in the

second driving modes temperatuMhebebBrife FHiltveosoNGalg Wl tetSct an
configured to drive the piezoelectric elenent in the third driving

node W th usebaént heemisd nd g Parranmtiet hdedrivalethehyet-eati vi ng
paraneter generation unit. 9. The optical apparatus according to
claim 8, whersiaryacdnfveusddcd raadecarite drsensgmpagkeeteodet
are formed at the piezoelectric el enment, wherein the drive
control uni Py sheohfigncedarendr¢yesariverapileroeh et @ssbemeniobyvith
applying a voltage to the drive el ectrode, and wherein the
vi bration détectrBpeimiirs dadestieguPedthed tRitkecatire drbration Witrhe
optical nmenber from an output fromthe sensor, el ectrode. 10. The
optical apparatus alC8FarRg-toELEF M Lrol unit is,Rankidigggeto drive
pi ezoel ectric elenent. includes a first piezpelectric elenment provided
at one end of't ﬁ%e%%?]iec%rlnceﬁggrrn?n e ﬁlseeggﬁagp$]éjz‘6jé]ge&g§f}cw iR T
provi ded at th t har_.end i ; r : erein
first dri veotefl g%%ro glg dpgg?rﬁ%etrogtéﬁg%!? lgfg?t%r% ez glﬁgpﬁ@édé%%r%e

first pieZOQE%CHEE§i€§‘¥E¥Emeter genera@@@ﬁQBﬁ1§t§@%®@g?géith a case

el ectrode is forned t he second piezoel ectric el enen

where the temperature detected by the temperature detection
unit when the drive control unit is caused to operate is within
a predetermined range set based on the temperature stored in

the memory.

8. An optical apparatus comprising:

an optical member;

a plezoelectric element attached to the optical
member;

a drive control unit configured to drive the
piezoelectric element in a first driving mode for exciting a
first bending vibration of the optical member, a second driving
mode for exciting a second bending vibration of the optical
member, and a third driving mode for simultaneously exciting
the first bending vibration and the second bending vibration,
the second bending vibration having an order different from an

order of the first bending vibration;
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wherein the drive control unit is configured to apply voltages in a
sanme phase to the first drive electrode and the second drive

el ectrode, both when the drive control unit drives the first

pi ezoel ectric el enment and the second piezoelectric elenment in the
first driving node and when the drive control unit drives the first

pi ezoel ectric e'ene%tv@BgaEbgnS&%%HE%ﬂyneéﬁgkegéﬁffgﬁgéﬂnﬁy:db@e&gea
second driving node, and wherein the vibration detection

unit is confiigueedohootletiectogtheani beabkonuidn the eptiveakorerperufirtom
an output of the first sensor el ectrode, both when the drive control

unit drives diigepi ezxoelieebel ecet srrentment tihe thé riitr sdr dviWichgrbdeae atrdi
when the drive control unit drives the piezoelectric elenment in the
second dri viimg thedescond . difhsingptiocel appar at us according to claim 8,
wherein the drive control unit is configured to apply a first voltage
to the piezoelectri @ Eréfent Wheanalise dengsatéont wolt wanfigpiredste he
pi ezoel ectric element in the first driving node and the second

drivi ng nodéetermine a dpigd BpnPR FRISHSY EOE JHtFOIFNENTE LTS C@BﬁFPbu%réld:

to apply a segcond oIta to t he piezoel ectr] t. when t dr|ve
control ~uni tde reve et‘ﬁle &Iré(?ﬁ’]leé“eé’i elrﬁaE{‘e it lfgg]rtlﬁllfla e&?

node, and rei flrs a s Iomer th he s d volta e.
12. The op}tl\,l%gla? gb%%%ataﬁse %10%%%%9 ?en A gl ratuon © Cf

drive contr Qle -ty S:1£00fJgur %@dtv%éjr{ Lve &ﬂ%@p&&z—%f%{t %r%ggeeﬂe

fd
for a first driving tine when the drive control unit drives the

pi ezoel ect rig ebemept rid et BReAE LSt HY EVENI4PPEEL QRAAL @ NnSeCOMration
driving node, wherein the drive control unit is configured

to drive theftezegltactliteben®htchols dese608d wicnving ddive yheirdihe
drive control unit drives the piezoelectric elenent in the third
driving nodepniandrives the piezoelectric element in the second driving
mode,
wherein the drive control unit is configured to drive
the piezoelectric element in the third driving mode with use

of the driving parameter determined by the driving parameter

generation unit.

9. The optical apparatus according to claim 8,

wherein a drive electrode and a sensor electrode are
formed at the piezoelectric element,

wherein the drive control unit is configured to drive
the piezoelectric element by applying a voltage to the drive
electrode, and

wherein the vibration detection unit is configured to
detect the vibration of the optical member from an output from

the sensor electrode.
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wherein the first driving tine is shorter than the second driving

tinme. 13. The optical apparatus according to claim$8, further
conprising a nenory configured to store the driving paraneter set by
the driving paranmeter generation unit; and a time counter

unit configured to nmeasure an el apsed tinme since the drive control
unit drives the piezoelectric element in the third driving node,
wherein the drive control unit is configured to drive the

pi ezoel ectric ehgnmeni,d %pttﬁ%atlhbbgagébyé rw;crmgn\@n th usgipfy the
driving paraneter stored the nenory w thout causing the dri vi ng

paramet er generati Oﬂhlalﬂéintﬂi@&ﬁl’@ztc%zlelc!ﬂrﬁc9@-§@né’ﬂ’l§rﬁlcﬂ|ﬂ@e§| apseest
time neasured by the tine counter unit is within a predeterm ned

range. plézodbhecopid eabmapparatiiSedatand ¢igH b6 thleaddgn il a lfrrideer,
conpri si ng: a tenperature detection unit configured to

det ect an ambideats¢enpbrdturelacbund 4lesmeopt prabidedizer thandther end
a nenory configured to store the driving paraneter set by the driving
par anet er gefefhei eptigAt nevlgssoci ation with the tenperature

detected by the tenperature detection unit, wherein the
drive control unit MECEBAR| yuFEt Girdriey8lERET PR AT Ectiiie tef BB

in the third._drivi node_wi t h use he dr|V|n arameter stored in
the memory GERGEPICAtST g THE G 5gﬁg%bﬁ?%r¥€t R IGREPAL] BIETIY t o

operate, in a case \A?‘erre the te ec[arulrvg d? <§Ie Y, té%%m%%r'gffé‘hure
detection unit when the drive ton uni £ TS causedsto oper a i S

wthin a pr %@%Bﬁ&”bi‘é’goéf&gﬁlsceteﬂ%ﬂéﬁg on the tenperature stored in

t he nmenor
wherein the drive control unit is configured to apply

voltages in a same phase to the first drive electrode and the
second drive electrode, both when the drive control unit drives
the first piezoelectric element and the second piezoelectric
element in the first driving mode and when the drive control
unit drives the first piezoelectric element and the second
piezoelectric element in the second driving mode, and
wherein the vibration detection unit is configured to
detect the vibration of the optical member from an output of
the first sensor electrode, both when the drive control unit
drives the piezoelectric element in the first driving mode and
when the drive control unit drives the piezoelectric element

in the second driving mode.

11. The optical apparatus according to claim 8,
wherein the drive control unit is configured to apply

a first voltage to the piezoelectric element when the drive
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control unit drives the piezoelectric element in the first
driving mode and the second driving mode,

wherein the drive control unit is configured to apply
a second voltage to the piezoelectric element when the drive
contrel unit drives the piezoelectric element in the third
driving mode, and

wherein the first voltage is lower than the second

voltage.

12. The optical apparatus according to claim 8,

wherein the drive control unit is configured to drive
the piezoelectric element for a first driving time when the
drive control unit drives the piezoelectric element in the first
driving mode and the second driving mode,

wherein the drive control unit is configured to drive
the piezoelectric element for a second driving time when the
drive control unit drives the piezoelectric element in the third
driving mode, and

wherein the first driving time is shorter than the

second driving time.

13. The optical apparatus according to claim 8, further
comprising a memory configured to store the driving parameter
set by the driving parameter generation unit; and

a time counter unit configured to measure an elapsed
time since the drive control unit drives the piezoelectric

element in the third driving mode,
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wherein the drive control unit is configured to drive
the piezoelectric element in the third driving mode with use
of the driving parameter stored in the memory without causing
the driving parameter generation unit to operate, in a case
where the elapsed time measured by the time counter unit is

within a predetermined range.

14. The optical apparatus according to claim 8, further
comprising:
a temperature detection unit configured to detect an
ambient temperature around the optical member; and
a memory configured to store the driving parameter set
by the driving parameter generation unit in association with
the temperature detected by the temperature detection unit,
wherein the drive control unit is configured to drive
the piezoelectric element in the third driving mode with use
of the driving parameter stored in the memory without causing
the driving parameter generation unit to operate, in a case
where the temperature detected by the temperature detection
unit when the drive control unit is caused to operate is within
a predetermined range set based on the temperature stored in

the memory.



