IMAGE STABILIZER, LENS BARREL AND IMAGER APPARATUS
CROSS REFERENCES TO RELATED APPLICATIONS The present
invention contains subject manner related to Japanese Patent Application
JP 2005-167307 filed in the Japanese Patent Office on June 6, 2005, JP
2005-178358 filed in the Japanese Patent Office on June 17, 2005 and
P 200825F 0786 firetif the JhpANesd Bhteht Biffite 6 Septdmbers TUs
C}% 05, theFentire contents of which bein%incorporated herein by
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as a digital still camera and a video camera has been improve

1 emarkably, and it became possile far anyone fo. easily shoot Sg\gd JP 2005~

pictures and moving pictures with high image quality and with hig

3 effigiency.; improved efficiency, of such a7 imager QEEQ@USO%WGS%%@&%@;T 2,
performance of an imager apparatus such as a lens, a CCD and CMOS,
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BACKGROUND CF THE INVENTION
Field of the Invention:

The present invention relates to an image stabilizer
which stabilizes image blurred by vibration or the like at
the time of shooting; a lens barrel which has the image
stabilizer; and an imager apparatus such as a digital still
camera or video camera, incorporating the lens barrel.
Description of the Related Art:

In recent years, performance of an imager apparatus such
as a digital still camera and a video camera has been
improved remarkahly, and it became possible for anyone to
easily shoot still pictures and moving pictures with high
image gquality and with high efficiency. Improved efficiency
of such an imager apparatus owes to high performance of an
imager apparatus such as a lens, & CCD and CMOS, and an

image processing circuit.



However, even though the lens, the CCD and the like can be made
higher in performance, if hand shake or vibration occurs in photographer's
hands by which a camera (imager apparatus) is held, blurring occurs in
images with high resolution and shot images are blurred. To solve this
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image stabilizer capa stabilizing images "blurred by camera shake

iand the likeupan.image pickiip., However, capeag thatdeguire SYhy s ation

image stabilizer are not professional-level cameras, and it is to be
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cameras for a’large number of amateur photographers with less shooting
£xpsrignes Furiher.in ggneral; a,demand for smaller;and lighter Came@ds nigh

(imager apparatuses) is strong and most of photographers like cameras

whieh arg Hght inyveightand easyjesary-HOWSYEEL SIRCE ariNageive this
stabilizer in related art is comparatively large in size, when such large

dR3ge=stabilizerds mopnteckon acamera Hegw-thewhale gt thes cametdyyippad
becomes large in size, which is against a demand for making cameras

wsinaller i sizerangklightesipiweight: In cagditions image tabilizersiing images
related art require a large number of components and a problem arises,
i whichia ¢ost ebearpearasincreases as theaumberof apmponanis;is pickup.

increased. 2

However, cameras tThat regquire such image stabilizer are not
professional-level cameras, and it is to be understood that
image stabilizers are indispensable to consumer cameras for
a large number of amateur photographers with less shooting
experience.

Further, in general, a demand for smaller and lighter
cameras (imager apparatuses) is strong and most of
rhotographers l1ike cameras which are light in weight and
easy to carry. However, since an image stabilizer in related
art 1is comparatively large in size, when such large image
stabilizer is mounted on a camera body, the whole of the
camera becomes large in size, which is against a demand for
making cameras smaller in size and lighter in weight. In
addition, image stabilizers in related art reqguire a large
number of components and a problem arises, in which a cost
of cameras increases as the number of components is

increased.



As this kind of image stabilizer in related art, there is an image stabilizer
described in Patent Literature 1, for example. In Patent Literature 1, there
is described the one relating to a vibration-prevention device provided in
a camera or the like, which detects camera shakes relatively low in

frequancy.and,uses,the detected results,s fnformation for the prevention ...
of image tﬁurrlng, thereby preventing image ﬁlurrlng. This ’

ivgbrgﬂoq-ﬂge@/een&'egﬁfﬂfﬁ?%gea%@&dﬂ?e%at%@% %@E%%e 1(hereinafter | £,

referred to as "a first related-art example") is a vibration-prevention
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vibration detector and a vibration-prevention controller._The correcting
aptigakmgchanisnyis provided: inside ajens barrel holdinga | 0494 in a

and deviates the optical axis of the lens group. The vibration detector

detects vigration applieg:to the lens bagrel Jhe vityation: prevention o1 arively

controller prevents vibration by driving the correcting optical mechanism

based ypon Fsignakiiemn the,aboverdescribed vibratiopdetector. Theuits  as
correcting optical mechanism has: a correcting lens, a fixing frame, a first

hefding frame, a seeongrholding:frame; first and seganad cpilsi firstand thereby
second drivers, and first and second position detectors. The fixing frame

fixes éhe: corfectinggtens. hihe first holding dramesields the-fdag dramein device
such a manner that the fixing frame can be moved in the first 3
described in Patent Literature 1 (hereinafter referred to as

“a first related-art example”) 1s a vibration-prevention
device for a camera, including: a correcting optical
mechanism, a vibration detector and a vibration-prevention
controller. The correcting optical mechanism is provided
inside a lens barrel holding a lens group and deviates the
optical axis of the lens group. The vibration detector
detects vibration applied to the lens barrel. The vibraticn-
prevention controller prevents vibration by driving the
correcting optical mechanism based upon a signal from the
above-described vibration detector. The correcting optical
mechanism has: a correcting lens, a fixing frame, a first
holding frame, a second holding frame, first and second
colls, first and second drivers, and first and second
peosition detectors. The fixing frame fixes the correcting

lens. The first holding frame holds the fixing frame in such

a manner that the fixing frame can be moved in the first



direction different from the optical axis direction of the lens group. The
second holding frame holds the first holding frame in such a manner that
the first holding frame can be moved in the second direction different from
the optical axis direction and the first direction, and is fixed to the lens
C#)arrel. The first %cé%e%%ndfcons que the first and second holdlq'gl

faied i e Ty dne Secofd directions. Féspectively: The firdtand °* °F £he

econd drivers formed of, first.and second magnetic field generating .
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rame are moved in the first and second directions. And at [east one o

ARG dEst apd seeond; magnetic,figld generating memhers and the firgtand . ; .,

second position detectors are provided in a fixed member including the

Seeond; holding framen, fixed o the lens bargel Aceqrding{a thes ¢ived to the

vibration-prevention device with the structure described in Patent

Litgratyre 1 Jheregan be; expecipd the-effectivenessdn which thee first and
vibration-prevention device can respond to vibration up to high-frequency

yibration witheutincreasing the gost:and the lasge spage.As-apethefl; rections,
example of an image stabilizer in related art, there is an image stabilizer

desgrbed inPatentiliteratures 2, forexample, iy Pajentldteratures?, thereed of
is described the one relating to a camera image blurring restrainer in 4

first and second magnetic field generating members facing
the first and second coils. The first and second position
detectors detect the amount in which the fixing frame and
the first holding frame are moved in the first and second
directions. And at least one of the first and second
magnetic field generating mempers and the first and second
position detectors are provided in a fixed member including
the second holding frame, fixed to the iens barrel.

According to the vibration-prevention device with the
structure described in Patent Literature 1, there can be
expected the effectiveness in which the vibration-prevention
device can respond to vibration up to high-frequency
vibration without increasing the cost and the large space.

As anoither example of an image stabilizer in related art,
there 1s an image stabilizer described in Patent Literature
2, for example. In Patent Literature 2, there is described

the cne relating to a camera image blurring restrainer in



which vibration (camera shakes) of approximately 1Hz to 12Hz in
frequency applied to an apparatus such as a camera are detected to be
used as information for restraining image blurring, thereby preventing
image blurring. This camera image blurring restrainer described in Patent

iterature, hereinafr‘her referred to as "a second related-art example"
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Regarding the support of the above- correcting opfical systém

inadloating manner, there are provided a first.olding %%msna@dﬁterame 2

second holding frame. The first holding frame supports the correcting

opticalsystem.in sueh.amannes that the, carecting aptical systemicap be. 1 .

moved in the first direction set within a plane that is perpendicular to the

opticahadis.but restrictsapovementinatherdirections than that. The i cat axis

second holding frame supports the second holding frame'in such a
neaRnes dhat the,;secand holding frame: ganbepovedhing secPnthage surface,

direction that is different from the first direction within the

phove-mantionedplanecbut i, formation on vibration applied to a
lens barrel. And, according to the above-mentioned
correction amount, the image blurring restrainer controls
movement o©of a correcting optical system supported in a
filoating manner so as to be moved in the diameter direction
of the lens barrel. Regarding the support of the above-
mentioned correcting optical system in a floating manner,
there are provided a first holding frame and a second
holding frame. The first holding frame supports the
correcting optical system in such a manner that the
correcting optical system can be moved in the first
direction set within a plane that 1is perpendicular to the
optical axis, but restricts movement in other directions
than that. The second holding frame supporis the second
holding frame in such a manner that the second holding frame
can be moved in a second direction that is different from

the first directicon within the above-mentioned plane, but



restricts movements in other directions than that. And, this second

holding frame is fixed to the lens barrel. According to the camera image

blurring restrainer with the structure described in Patent Literature 2,

there can be expected the effectiveness in which there is no problem of

being qut of focus at the time of restraining image blurring. Also, since the .
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iefenepdg apya tidelated. at examplehis glensdrive devieg, o ropyen of
including: a first driver and a second driver. The first driver drives a fens
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perpendicula e optical axis of the above

diiger drives the lensystorage . portian ina secopd directign.perpendjeular. ., -+ o
to the first direction within the plane. And, the first driver and the second
drveratealigned alang anaxisiparaliel with the opiica] axis QEthg Jens. 6 o o
the optical axis, there can be expected the effectiveness in
which a camera can be small-sized.

Also, as yet another example of an image stabilizer in
related art, there 1s an image stabilizer described in
Patent Literature 3, for example. In Patent Literature 3,
there 1is described the one relating to a lens drive device
of an optical apparatus. This lens drive described in Patent
Literature 3 {hereinafter referred to as “a third related-
art example”) 1s a lens drive device including: a first
driver and & seccond driver. The first driver drives a lens
storage portion holding a lens in a first direction within a
plane that 1is perpendicular to the optical axis of the
above-described lens. The second driver drives the lens
storage portion in a second direction perpendicular to the
first direction within the plane. And, the first driver and
the second driver are aligned along an axis parallel with

the optical axis of the lens.



According to the lens drive device with the structure described in Patent
Literature 3, there can be expected the effectiveness in which a lens drive

device that drives a correcting lens for stabilizing blurred images can be

small- sized. [Patent Literature 1] Japanese Published Patent Application

No. H3-186823 Pa%ent iteratyre 21 Japanese Published Patent
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correcting lens, so that there is not only a problem in ‘which a lens device

889@@&?}3%% Abparatus are made arge. ag a wholg, bytalso. aprgblem ..y,

that the er of components increases, which results in“considerable
gostipcrease. Specifically, regarding the first and second related-art
examples, a fixing frame having a correcting lens is roughly formed into a

square shapg.a pail;ofyayy ghafts are) disppsgd,ouiside theiXingflame patent

on both sides in the lengthwise direction, and a pair of pitch shafts are
gisposed putsideythe fbgng drggne;on both sides in the widthwise direction.

Further, pitch coils are attached to 7

[Patent Literature 21 Japanese Published Patent
Application No. H3-188430

[Patent Literature 3] Japanese Published Patent
Application No. H10-311995

However, regarding the first and second related-art
examples, the area as regards an 1image stabilizer becomes
large in the directions perpendicular to the optical axis of
a correcting lens, so that there is not only a problem in
which a lens device and an imager apparatus are made large
as a whole, but also a problem that the number of components
increases, which vresults in considerable cost increase.
Specifically, regarding the first and second related-art
examples, a fixing frame having a correcting lens is roughly
formed into a square shape, a pair of vaw shafts are
disposed outside the fixing frame on both sides in the
lengthwise directicon, and & wpair of pitch shafts are

disposed outside the fixing frame on both sides in the

widthwise direction. Further, pitch coils are attached to



both ends of the fixing frame in the lengthwise direction, and each pitch
coil is provided inside a first magnetic circuit made of a magnet and a
yoke. Regarding the pair of pitch shafts, both ends thereof are supported
by a first holding frame, and the fixing frame is supported in such a
manner that the fixing fr%?e can move in a pitch direction with respect to

RS Pait of PitdH shifts. WiL0, HEgardimgthe Pair OfyalSIfs both éhdssction,

thereof are supported by the first holding.frame, and a pair of Eousings .
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yoke. s, by applying efectric current to the pitch coils of the first

ic.circuit, the fixingf ing. inglens is driven jt
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having the correcting lens is driven in a yaw direction regarding the

sgeord holding frame, dntegrally, with the first holding frames However, i3 1s ¢ cp

the case of the first and second related-art examples, a structure is

smptoyed inphich apagnetand a:8c pair of yaw shafts, both ends

thereof are supported by the first holding frame, and a pair
of housings fixed to a second holding frame are fitted on
this pair of yaw shafts in a freely slidable manner. Further,
a palr of yaw coils are attached to the outside of the pair
of yaw shafts of the first holding frame, and each vyaw coil
is provided inside a second magnetic circult made of a
magnet and a yoke.

Thus, by applying electric current to the pitch coils of
the first magnetic circuit, the fixing frame having the
correcting lens is driven in a pitch direction regarding the
first helding frame. Also, by applying electric current to
the vyaw coils of the second magnetic circuit, the fixing
frame having the correcting lens 1s driven in a vyaw
direction regarding the second holding frame, integrally
with the first holding frame.

However, in the case of the first and second related-art

examples, a structure is employed in which a magnet and a



yoke are necessary for both an actuator for driving a correcting lens in a
first direction (for example, a pitch direction) and an actuator for driving
the correcting lens in a second direction (for example, a yaw direction),
and those actuators are disposed in such a manner as to surround all

sides of the correcting lens. For thaéret son, an imag(e stabilizC%r bec%mes,
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oth constructed of flat coils which are wou in a direction
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magnet and a yoke for the first actuator and a magnet and a yoke for the

segond gewator age separajely requireds hence gjarge, omberof, - an image

components are required to make the number of processing and

apgembly Rrecesses,nerease, hi‘_i@ﬂe@gé toa freblen, of %M%%%‘%mar to
Further, between the yoke for the first actuator and the yoke for the

sgeondacteator igpravided ang-cepter yoke iWhich seves RS AXOKe Y above-
the two actuators. As a result, 9
mentioned problem in which the whole of device 1s enlarged
and the number of components 1increases, occurs, thereby
leading to cost increase.

Also, in the third related=-art example, ccils of a first
actuator for driving a correcting lens in a first direction
and of a second actuator for driving the correcting lens in
a second direction are both constructed of flat coils which
are wound to expand in a direction parallel with the optical
axis of the correcting lens. For that reason, a magnet and a
yoke for the first actuator and a magnet and a yoke for the
second actuator are separately required, hence a large
number of components are regquired to make the number of
processing and assembly processes increase, which leads to a
problem of cost increase.

Further, between the yoke for the first actuator and the

yvoke for the second actuator is provided one center vyoke

which serves as a yoke for the two actuators. As a result,



the magnetic flux density of each of the magnets of the first and second
actuators has to be prepared by one yoke, so that it is necessary to
provide in a predetermined position a center yoke which is twice as thick
and capable of saturating the magnetic flux density of each magnet. For

that reason, the area of an,image stabilizer becomes large in the
Dot BTDenCIciE @ o Bie ST s Eoncking BRGARES of the

ausing a lens barrel.and an imager a paratus as a whole toé)e large.
f,%\ngg,!;ln %ﬁlé? fir%ﬁ{:s%régnda and ?ﬁ%? rela gé-aﬁoex%?np?ers?%aﬁﬁ ina frame. yoke,
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In a first direction and a seco rection perpendicular to each “other;
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shaft and a bearing portion, each forming a pair with two sets thereof. In

dris casg there mayibe fequired a gap,of agertain size pepween the o+ por

shafts and bearings to allow the holding frame to move, thereby causing

Jalfle aﬁg&‘%g@,e of the moxement, \é{HinirE%@f@S smaoth smevement. large

difficult and makes the position of the correcting lens unstable.

SUMMARY: OEcHHEINVENTIONAs degeribed inthe related-aft 2xis of the
examples, there is a problem in which when actuators for driving a

&orrecting rigns igrasfirstgitection apd.ip a secopd diregtione 10 ang  an  imager
apparatus as a wheole Lo be large.

Also, in the first, second and third related-art
examples, a holding frame which has a correcting lens is
guided and supported in a movable manner in a first
direction and a second direction perpendicular to each
other; and the guide supporting mechanism is formed of a
combination of a shaft and a bearing portion, each forming a
pair with two sets thereof. In this case, there may be
reguired a gap of a certain size between the shafts and
bearings to allow the holding frame to move, thereby causing
rattle at the time of the movement, which makes smooth
movement difficult and makes the poesition of the correcting
lens unstable.

SUMMARY OF THE INVENTION

As described in the related-art examples, there is a

problem 1in which when actuators for driving a correcting

lens in a first direction and in a second direction

10



perpendicular to the optical axis of the correcting lens are provided
separately from each other, and those actuators are disposed in the
perpédeitity of the easrecting lepsianimage: stabilizembecomesdargenin thens are
directions perpendicular to the optical axis of the correcting lens, thus
provenlarging:ther wheleyof thedeweerAlsa,Hbere isadprabiemdn whichewber zre
a magnet and a yoke are necessary for each actuator, a large number of
disppartsimay:betieguired; and sp thethuniber afoprocessing andassembly image
processes increase, leading to cost increase. In a first aspect of the
s talipvention, thereisprovidedan image:istahilizer thatstabilizespmagesyar to
moving a correcting lens for stabilizing images formed by a lens system in
the adirst dirkctioniandcl second direction-whizh aeeperpehdiculantozarying the
optical axis of said lens system and which are perpendicular to each
wholgther, cbifpridig: erivalwhichtis previded at arecsigerofisaidieareectingen a
lens and which moves the correcting lens in said first direction and said
nagrgdeord directiolt, “whereim saRF&MEHas adifst esit whiehlgeneates @ large
thrust for moving said correcting lens in said first direction, a second coll
numigRichtenerates thrustfor mbving @i é6itectitj* 42 18RS i-8aid seedRgr  of
direction, magnets which apply magnetic force to said first coil and said
PLOCER Ao dnd ANURE  which SOPP6RE Said Tifdgiiets and @2ding to cost
thrust-generating portion of said first coil and a thrust-generating portion

B



second co--'-! are made to intersect each other at right angles and
overlap, and the magnetic force of said magnets is applied to an
overlapped part of both the thrust-generating portions in common. In a
second aspect of the invention, there is provided a lens barrel comprising:
animage stabilizesthat stabilizes dmages:by moving ascotrectinglensfaed an
stabilizing images formed by a lens system in a first direction and a
imagsecongh direetian which areperpendiculamtosarsopticahaxisraf said-dens=cting
system and which are perpendicular to each other, wherein said image
lensstabilizerhas aidrives whithds providee at bre sidesobsaid cosrecting fensirst
and which moves the correcting lens in said first direction and said
diresédond directions svhareingaitdtiverrhag a first eoit whicipgendratesar to an
thrust for moving said correcting lens in said first direction, a second coill
optiwhich ajeheratés thiust fok théviryy SaititorBeting™ fepis ik saidgetpRgdicuiar
direction, magnets which apply magnetic force to said first coil and said
Lo eseEdnd Bbfirand e EKke: Sutiieh sappoFts'said magRéts ldndpgovided at one
__ thrust-generating portion of said first coil and a thrust-generating portion
s 1deofSaid = second ol 2Fé wikte 16 iterdBet e¥cH othefat Aght aigles CIZE 1Y
and overlap, and the magnetic force of said magnets is applied to an ,
Lensoydiappdit fart of béth the kist-g8Rerdting porfios i tofion dhzection,

third aspect of the invention, there js provided an |
wherein said driver has a first coil which generates fThrust

for moving said correcting lens in said first direction, a

second coil which generates thrust for moving said correcting



imager apparatus comprising: a lens barrel which includes an image
stabilizer that stabilizes images by moving a corre=ing lens for stabilizing
lLensimagesformed byanlénsisystemiin @, firsta dinectionandhseeond directipnetic
which are perpendicular to an optical axis of said lens system and which
forcaretperpeadicular te vachrotheraand apcimagerapparatus case inwhich yoke
said lens barrel is stored, wherein said image stabilizer has a driver
whicihiehie provideszatdnaside:ofsaid:cotrectinglens ange whicht moye sothet 1 on
correcting lens in said first direction and said second direction. According
of 46k embodiment bf arkimage stabilizer; zolens rbarrelangantimagerct said
apparatus of the present invention, a driver which moves a correcting
secolghs fvdirections tpetperidiculdr i€ ¥5e pticad aitis Of adenssystelig angles
provided at one side of the correcting lens, and so the number of
and goimpoAENtsFaRh befedbieed Sand-thedERS bafreFand thedifitjer 15 epplied

apparatus can be small-sized by reducing space for the driver. BRIEF
Lo APESCRIPHON OFPFHE DRAWNGS FIG. 14‘“—%%16&5%%8%\%%9 portions

showing a first embodiment of a lens barrel according to the present
i CRR@RfIon, as seen 12b from the front; FIG. 2 is a perspective view of the
lens barrel shown in FIG. 1, as seen from behind; FIG. 3 is a front view of

theqeﬁls E%Qﬂ%OWﬁ%GO%' the :L*lvent,]_on, there 1s provided a

lens Dbarrel comprising: an 1mage stablilizer that stabilizes
images by moving a correcting lens for stabililizing images
formed by a lens system in a first direction and a second
direction which are perpendicular to an optical axis of said
lens system and which are perpendicular to each cther, wherein
sald image stabilizer has a driver which is provided st one
side of said correcting lens and which moves the correcting
lens in said f£first direction and sald second direction,
wherein said driver has & first coil which generates thrust
for moving said correcting lens in said first direction, a
second coil which generates thrust for moving said correcting
leng in said second direction, magnets which apply magnetic
force to said first coil and =sald second coill, and a vyoke
which supporte said magnets, and a thrust-generating portion
of said first c¢oil and a thrust-generating portion of said

second coil are made to intersect each other at right angles



FIG. 4 is a rear view of the lens barrel shown in FIG. [; FIG. 5 is a left side
elevational view of the lens barrel shown in FIG. 1; FIG. 6 is a right side
and elevatiomal view of the leagrkdariel shown<dn &#GshlEIGuatiseatplahviewplied
of the lens barrel shown in FIG. 1; FIG. 8 is a bottom view of the lens
to dyarretshowpie&lG@alrFIGE 9lisan MeMeine sectionalaiew of theslepsrtions
barrel shown in FIG. 5; FIG. 10 is an N-N line sectional view of the lens
in cpayrelishown in FIG. 3; FIG. 11 is an exploded perspective view of the
lens barrel shown in FIG. 1; FIG. 12 is an explanatory diagram for
exXplaininghd lehsasystern of thetlens barensicwn intPrEel; FiGprvided an
shows a first embodiment of an image stabilizer according to the present
imagpyetiore A3 'seen FORPHesfronmt: 13 FIGIE4 R perspattivelvieviof thees an
, image stabilizer shown in FIG. 13, as seen from behind; FIG. 15is a plan
imagGefd Githe irhage ‘stabilizet IRowh iR SFIGMABSEIG Y16 R frentviewofecting

the image stabilizer shown in . , .
lens for sStabiiizing images formed by a lens system in a first

direction and a second direction which are perpendicular to an
optical axis of said lens system and which are perpendicular
to each other and an imager apparatus case in which sald lens
barrel 1s stored, wherein said image stabilizer has a driver
which 18 provided at one gide of said correcting lens and
which moves the correcting lens in said first direction and
said second direction.

According to an embodiment of an image stabillizer, a lens
barrel and an imager apparatus of the present invention, a
driver which  moves a correcting lens in directiocns
perpendicular tc the optical axis of a lens system i1s provided
at one sgide of the <c¢orrecting lens, ang so0 the number of
components can be reduced, and the lens barrel and the imager
apparatus can be small-sized by reducing space for the driver.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view showing a first embodiment

of & lens barrel according to the present invention, as seen

iZb



FIG. 13; FIG. 17 is a rear view of the image stabilizer shown in FIG. 13;
FIG. 18 is an exploded perspective view of the image stabilizer shown in
FIG. 13; FIG. 19 is a perspective view showing a first moving frame of the
image stabilizer in FIG. 13; FIG. 20 is an exploded perspective view
howing a cpil_assembly body, magnets and a yoke of the image
%ggﬁiztg}em Elfl%fl.scl’B; FIG. 21 is a plan view in which a coil assembly body,

magnets-and ayoke %@Q%g@%%%@bui S%SQ%N‘EH%FHI%%JS?’ MFrel shown in

enlarged; FIG. 22 is a‘front view In which a coll assembly body, magnets

Ahd a ng%gf @geima@goﬁagigﬁ%%,own in FIG. 13 are enlarged; FIG. 23

is a plan view showing a second embodiment of a coil assembly body,
magngig;and;a yokg agcording1oan igyagen stabllizer ofthepreseilyn in ric.

invention; FIG. 24 is a perspective view showing a third embodiment 14
of a coil assembly body, a magnet and a yoke according to an image

stabilizer of the present invention; FIG. 25 is an exploded perspective view
of thereaif, assembly bedy, the;magnetrandhtbe yeke shawndn FEB.24 in FIG.

FIG. 26 is an exploded perspective view showing a second
1;

FIG. 5 is a left side elevational view of the lens
barrel shown in FIG. 1;

FIG. 6 is a right side elevational view of the lens

barrel shown in FIG. 1;

FIG. 7 is a plan view of tThe lens barrel shown in FIG,
FIG. 8 is a bottom view of the lens barrel shown in FIG.

FIG. 9 is an M-M line sectional view of the lens barrel
shown in FIG. 5;

FIG. 10 is an N=-N line sectional view of the lens barrel
shown in FIG. 3;

FIG. 11 1s an exploded perspective view of the lens
barrel shown in FIG. 1;

FIG. 12 is an explanatory diagram for explaining a lens
system of the lens barrel shown in FIG. 1;

FIG. 13 shows a first embodiment of an image stabilizer

according tc the present invention, as seen from the front;

13



embodiment of a lens barrel according to the present invention; FIG. 27 is
a perspective view in which a second embodiment of an image stabilizer
according to the present invention and an apparatus cover thereof are
seen from behind; FIG. 28 is an assembled perspective view of the image

stabili Egandltpe agp%ratug covgg%q%vgn in.FIG. 27f; FIG. 29 is an fabils
explodéd perspeciive View of the image stabiizerand e apPardtus® -3°+++2&x

cpyer shown.i qurh 7; FIG, 30 is a perspective yiew showing in an
Séxgrg)%e%lnma%er 3:’inéllzjisgesgti'a;lrl_:l)iIigtla‘%’)s %ﬁ%%nn IG. 27; FIG. 31 is a plan

view %_IE@ i@ggggta il er ghqu ‘lAp 7; FIG. 32 is a front view of )
the image stabilizer s%oémam Flé%. 27(?%:?(:5%% is'a ekt s?c?eargl%\ilét%gnral shown in
yigw of the image stabilizer shown in FIG. 27; FIG. 34 is a plan view in

which a flexible printed circuit board of the image stabilizer shown in FIG.

27is dpchent gpward; FG, 35 is adroni view, in whicha lexiple,printed oy, o 1
circuit board of the image stabilizer shown in FIG. 27°is bent upward; FIG.
Beds ajleft side elevational view in which a

FIG. 17 is a rear view of the image stabilizer shown in
FIG., 13;

FIG. 18 1is an exploded perspective view of the image
stabilizer shown in FIG. 13;

FIG. 19 1is & perspective view showing a first moving
frame of the image stabilizer in FIG. 13:

FIG. 20 is an exploded perspective view showing a coil
assembly body, magnets and a yoke of the image stabilizer in
FIG. 13;

FIG. 21 is a plan view in which a coil assembly body,
magnets and a yoke of the image stabilizer shown in FIG. 13
are enlarged;

FIG. 22 is a front view in which a coil assembly body,
magnets and a yoke of the image stabilizer shown in FIG. 13
are enlarged;

FIG. 23 is a plan view showing a second embodiment of a
coil assembly body, magnets and a yoke according to an image
stabilizer of the present invention;

FIG. 24 is a perspective view showing a third embodiment

14



flexible printed circuit board of the image stabilizer shown in FIG. 27 is

bent upward; FIG. 37 is a plan view of a coil assembly body according to

the image stabilizer shown in FIG. 27; FIG. 38 is a front view of a coil

assembly body according to the image stabilizer shown in FIG. 27; FIG.

39 is a left side elev | view of a coll assembéy body according tg the
X

nage SaBiiZe? SHBHIn FIGY 27 FIGTHG Ts AR BxPlodad pespectivens to an

view of a.cail . assembly body according to the image stabilizer shown in
R A D R e oot acoembly

body gggordia% to the imag%%)aﬂijlgeeéshown in F|g‘). 27; FIG. 42 is.a

perspective view ofa y%TI}e an magnetspgcrcso%ﬁg 0 %eYr%w%He s?tsgbile%(? coil

in Fl 7;FIG. 43 | [ h icall laini .
SRECE B SAp e e B 08

effects o e printed’circuit” board on the image *

stabilizegshown In.FIG. 22, 16 BIG, 44154 Jeftside eleyatio {@Vég a second

schematically explaining the effects of the biasing force of a fle

Arintea Hcpit bogrd op the dmage sighilizer showp i FIG. 27, FIG45 188 ¢ sent
plan view of a modified embodiment of a
invention;

FIG. 27 1s a perspective view in which a second
embodiment of an image stabilizer according to the present
invention and an apparatus cover thereof are seen from
behind;

FIG. 28 is an assembled perspective view of the image
stabilizer and the apparatus cover shown in FIG. 27:

FIG. 29 1is an explocded perspective view of the image
stabilizer and the apparatus cover shown in FIG. 27;

FIG. 30 is a perspective view showing in an exploded
manner the image stabilizer shown in FIG. 27;

FIG. 31 is a plan view ¢f the image stabilizer shown in
FIG. 27;

FIG. 32 is a front view cf the image stabilizer shown in
FIG. 27;

FIG. 33 1is a left side elevational view of the image
stabilizer shown in FIG. 27;

FIG. 34 is a plan view in which a flexible printed

circuit board cof the image stabilizer shown in FIG. 27 is

15



flexible printed circuit board according to the image stabilizer shown in
FIG. 34; FIG. 46 is a left side elevational view of a modified embodiment
of a flexible printed circuit board according to the image stabilizer shown
in FIG. 34; FIG. 47 is a plan view showing the image stabilizer in FIG. 31,
in which a fleéiple printed circuit board is bent downward; FIG. 48 is a
l?r"—j’orhtt vFéW%ﬁoWing the image stabilizer in FIG. 31, in which a flexible
print ircuit,poard is bent_downward; FIG. 49 is .a left side.elevational
View ShGing the hade SEBhser L FIG. 5. it Bhith s bl ined

circuit board is bent downward; FIG. 50 is a front view schematicall .
e R S e s R B P R ST e 27 3
kF)é’ e%ﬁk@%‘%,j&board on the image stabilizer shown in FIG. 31; FIG.51is a

eft side’elevational view schematically explaining another example of the
effects of the-pjasing 17 force of a,flexible. printed cirguit bagrd.onthe ynicn 2

image stabilizer shown in FIG. 31; FIG. 52 Is a plan view of another

£xample of the: grrapgement apd syycture of am eleglicACANON; 15 zer shown

according to the image stabilizer shown in FIG. 31,
in FIG. 27 is bent upward;

printed

FIG. 37 is a plan view of a colil assembly body according
to the image stabilizer shown in FIG. 27;

FIG. 38 is a front view of a coil assembly body
according to the image stabilizer shown in FIG. 27;

FIG. 39 1is a left side elevational view of a coil
assembly body according tce the image stabilizer shown in FIG.
27;

FIG., 40 1s an exploded perspective view of a coil
assembly body according to the image stabilizer shown in FIG.
27;

FIG. 41 is an assembled perspective view of a coil
assenbly body according to the image stabilizer shown in FIG.
27;

FIG. 42 1s a perspective view o©f a yoke and magnets
according to the image stabilizer shown in FIG. 27;

FIG. 43 is a front view schematically explaining the
effects of the biasing force of a flexible printed circuit

board on the image stabilizer shown in FIG. 27;

16



FIG. 53 is a plan view showing a third embodiment of an image stabilizer
according to the present invention; FIG. 54 is a perspective view of an
electric actuator according to the image stabilizer shown in FIG. 53; FIG.
55 is a plan view of an electric actuator according to the image stabilizer
showgire; FIG.%'.;»I?BEIFIGél Sq!ésf% frant view ;if an Iecglc actuator acc%)rdlng

A6, 4 5 & g L
to the image stabilizer shown in I‘?IJCQ.%S; G 578 K left Side elevational

Vi VX;?IS‘Q elec rljlc actyato corgin the image stabilizer shown in .
eFE%. 53; Fnlé Sisa per%éfcgtivg vie%vﬁ%f 28 c%ﬂségsré mglc;)/rb%%y Oa%cgrdi%gl;exmle
da.1hs Image stapiizetnann B 16,291 R o90s aershedtiveig o r1.
yoke and magnets according to the image stabilizer shown in FIG. 53;

#4G. 60 is an exploded perspective view showing a first embodiment of

an imager apparatus according to the present invention, applied to a

digitaksll camera. F1G. 811ig.2 perspective viewingwhich @ digil stilter of a
camera according to a first embodiment of an imager apparatus of the
presemiaventionis sgen HQ%ﬁ@tfmeeal&ﬁ”da%Bﬂ%ﬁ\ée |eE‘_§r hasne  image
been closed by a lens cover; FIG. 62 is a perspective view in which a

it stilk camera.according 0 afiyst embodiment of an imager

apparatus of the present invention is seen from the front, and an objective

lens hascheenexpesed byopenygleRsevational view of a modified

ically

embodiment of a flexible printed circuit board according to
the image stabilizer shown in FIG. 34;

FIG. 47 is a plan view showing fhe image stabilizer in
FIG. 31, in which a flexible printed circuit board is bent
downward;

FIG. 48 is a front view showing the image stabilizer in
FIG. 31, in which a flexible printed circuit bkoard is bent
downward;

FIG. 49 1is a left side elevational view showing the
image stabilizer in FIG. 31, in which a flexible printed
circult board is bent downward;

FIG. 50 is a front view schematically explaining another
example of the effects of the biasing force of a flexible
printed circuit board on the image stabilizer shown in FIG.
31;

FIG., 51 1s a left side elevatiocnal view schematically

explaining ancther example of the effects of the biasing

17



cover; FIG. 63 is a rear view of the digital still camera shown in FIG. 61,
FIG. 64 is a plan view of the digital still camera shown in FIG. 61; FIG. 65
is a block diagram for explaining the control concept of an image
stabilizer according to an embodiment of the present invention; FIG. 66 is

fhlock diggram showing 3 first.embodiment,of the,schematic o inage
conﬁgura%on of an imager appgrajfus accordllng ]fO %he present invention; d

ngkﬁ'% gggs%%lggk g@gﬁl@ -shg)yvjng a second embodiment of the

schematic configuration of an imager apparatus according to the present

inveniap, DESERIPTION R THE REFERREDEMBODIVENISA. or tre

driver is arranged at one side of a correcting lens and the driver moves

ihe cargeqting lens in afirst dirgetio and & sgeand diyection, and $p Ao rding

apparatus for stabilizing images can be small-sized; and an image

stabilizer ;3 lens harre) angd-aninaagerapparatys are ;19 obtained in which
the correcting lens can be moved swiftly and surely in the first direction

and thergecond direction, with & simplified.siiugture.drgreinafiehodiment of an
embodiments of the present invention are explained referring to attached
drawings b3S 10648 rding to the present invention;

FIG. 54 is a perspective view 0f an electric actuator
according to the image stabilizer shown in FIG. 53;

FIG. 55 is a plan view of an electric actuator according
to the image stabilizer shown in FIG. 53;

FIG. 56 is a front view of an electric actuator
according to the image stabilizer shown in FIG. 53;

FIG. 57 is a left side elevaticnal view of an electric
actuatoer according to the image stabilizer shown in FIG. 53;

FIG. 58 1is a perspective view of a coil assembly body
according to the image stabilizer shown in FIG. 53;

FIG. 59 1s a perspective vwview o0of a yoke and magnets
according to the image stabilizer shown in FIG. 53;

FIG. 60 is an exploded perspective view showing a first
embodiment of an imager apparatus according to the present
invention, applied to a digital =till camera.

FIG. 61 is a perspective view in which a digital still
camera according to a first embodiment of an imager

apparatus of the present invention is seen from the front,
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figures for explaining embodiments of the present invention. Specifically,
FIGS. 1 to 12 show a first embodiment of a lens barrel according to the
present invention. FIG. 1 is a perspective view seen from the front; FIG. 2
is a perspective view seen from behind; FIG. 3 is a front view; FIG. 4is a

rear view; FIG, 5 is a left side elevational view; FIG. 6 is a right side.
i a S e e e R Lt

an M- (Ig'ne @ecgi%naglivi g/%f Fl t gqu 0 is an N-N.line sectignal .
view of FIG. 3; FiG. 11 igaﬁ e%(%% ed peréjr()ée%ti\%envigv%g}r%d Fi@eiet st

anexplanatory diggram ot.a lens sygtem, FIGS, 13 9 ga ghowadfirst 4 o

embodiment of an image stabilizer according to the present invention.

HEa13i%2 perspegtive view gkt agseepifom infronL FIGe144S ape  £ront,

perspective view of it, as seen from behind; FIG. 15 is a plan view; FIG.

0ds a frontview; FiG. 1745 a realvieys -and HlG- 18ds anexploded, s 4 1ens
perspective view. FIG. 19 is a perspective view showing a first moving

Jrawpas; FIG. 20 is an exploded perspective view showing a coil assembly

body, magnets and a yoke; FIG. 21 is a plan view of a coil 20 assembly

body and theslike;and Fl&s 22is dikewisera konfi ievs FlGr 23 1s aflaiva shown
view showing a second embodiment of a coil assembly body, magnets
andraryqke;s FIG. 24 is a perspective view showing a third embodiment of

a coil assembly body and the like; and FIG. 25 is likewise an

FIG. 64 is a plan view of the digital still camera shown
in FIG., 61;

FIG. 65 1is a block diagram for explaining the control
concept of an image stabilizer according to an embodiment of
the present invention:;

FIG. 66 1s a block diagram showing a first embediment of
the schematic configuration of an imager apparatus according
to the present invention; and

FIG. 67 is a block diagram showing a second embodiment
of the schematic configuration of an imager apparatus
according to the present invention.

DESCRIPTION CF THE PREFERRED EMBODIMENTS

A driver is arranged at one side of a correcting lens
and the driver moves the correcting lens in a first
direction and a second direction, and so an apparatus for

stabilizing 1images «can Dbe small-sized; and an image

stabilizer, a lens Dbarrel and an imager apparatus are
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exploded perspective view. FIGS. 26 to 59 show other embodiments of an
image stabilizer of the present invention. FIG. 26 is an exploded
perspective view showing a second embodiment of an image stabilizer;
FIG. 27 is a perspective view showing an image stabilizer and an

aratug cover tpleref?f, seen from the, front; liIG. 28 is an,assemble .
ocbtalinea "In which. ' the COB?eCtln ens cgn be gmvg életly
perspéctive view of an image stabilizer and an apparatus cover; and FIG.

A0S 20, xploded perspective,v ieéﬂ‘%%%%’% image stgbilizer and an, jdirection

apparatus cover. FIG. 30 I1s an exp perspective view of an ima

ﬁ%@lili%e_r's Ezln%ﬁ]f is.a pga&ylig\éléggr.eof; FIG. 32 is a front view thereof;

FIG. 33 is a left side elevational view thereof; FIG. 34 is a plan view

showing,a egarection siafeof a flexible punted,circpit boapd: FIG 331880 are

front view thereof; FIG. 36 is a left side elevational view thereof; FIG. 37

ds giplan view-gfran eleclric actuator, FIGy %&imt{g@t.viewﬁgte% and 67 are

FIG. 39 is a left side elevational view thereof. FIG. 40 is an exploded

Pesspadive sview,0f1a:60jk assembly BOR¥HFIG. 41 i3 APErSRECINE ViIeW ant ion .

of a coil assembly body; and FIG. 42 is an exploded 21 perspective view

fisnagnets and a yokeskIG: 43 is afftonkyigw ok andimage stabilizeinent of a
explaining the repulsive force of a flexible printed circuit board; and FIG.
Aéris adett side elevational views theteofo FdGe4b is a plartview,.shawing a1 is a

first connection state of a

perspective view seen from the front; FIG. 2 is a
perspective view seen from behind; FIG. 3 is a front view;
FIG., 4 is a rear view; FIG. 5 is a left side elevational
view; FIG. 6 is a right side elevational view; FIG. 7 is a
plan view; FIG. 8 is a bottom view; FIG. 9 is an M-M line
sectional view of FIG. 5; FIG. 10 is an N-N line sectional
view of FIG. 3; FIG. 11 is an exploded perspective view; and
FIG. 12 is an explanatory diagram of a lens system.

FIGS. 13 to 25 show a first embodiment of an image
stabilizer according to the present invention. FIG. 13 is a
perspective view of it, as seen from in front; FIG. 14 is a
perspective view of 1it, as seen from behind; FIG. 15 is a
plan view; FIG. 16 is a front wview; FIG. 17 is a rear view;
and FIG. 18 is an exploded perspective view. FIG. 19 is a
perspective view showing a first moving frame; FIG. 20 is an
exploded perspective view showing a coil assembly body,

magnets and a yoke; FIG. 21 is a plan view of a coil
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flexible printed circuit board according to an image stabilizer; and FIG. 46
is a left side elevational view thereof. FIG. 47 is a plan view similarly
showing a second connection state of a flexible printed circuit board; FIG.
48 is a front view thereof; and FIG. 49 is a left side elevational view

thereof. FIG, 50 is a front yiew.similarly explai 'ngtg repulsive force of a
TEAEIE i Kot boeih ShEVEIG, B11 & 10 S48 lsvannal as o Tront
thereof. &% 5%' a plan view showing a modified example of. an .
nstalled Eta eo §n %Eec?rigggtﬁatg%;eﬁ?G?%] 15 g%léan ?/?2%% ov(?/lrtrl]}(ﬁloaf1 iment ot

third epsbodmentof n jmage sighiger, EIC, 54 is nerspectiveon 5y 4

showing a second e m electric actuator; '55 Is'a plan

Y iereat, E1C,50,)° afionigw ereoh A PGuRldeftl S 2 coin

elevational view thereof. FIG. 58 IS a perspective view of a coil assembly

Dody,and FIG. 39 is a.perspective view of ;magnets.andasyoke. FIGL60Q, 1 o an

is an exploded perspective view of a digital still camera showing a first

& imantof.an, imagey, apparatus according to the present invention.
FIG. 61 is a 22 perspective view of a digital still camera, seen from the

front; FiG62 isyg perspective wigw,in which an Qhigetive,denssis exposed  image
by moving a lens cover; FIG. 63 is a rear view of the digital still camera;

andiHG; 64 s a plamwiewr tharaef. Fie 6% isc blockdiagram explainingxp i cded
the control

perspective view showing a second embodiment of an image
stabilizer; FIG. 27 1is a perspective view showing an image
stabilizer and an apparatus cover therecf, seen from the
front; FIG. 28 1is an assembled perspective view of an image
stabilizer and an apparatus cover; and FIG. 2% 1is an
exploded perspective view o©f an 1image stabilizer and an
apparatus cover. FIG. 30 is an exploded perspective view of
an image stabilizer; FIG. 31 is a plan view thereof; FIG. 32
is a front view thereof; FIG. 33 is a left side elevational
view thereof; FIG. 34 is a plan view showing a connection
state of a flexible printed circuit board; FIG. 35 is a
front view thereof; FIG. 36 is a left side elevational view
thereof; FIG. 37 is a plan view of an electric actuator; FIG.
38 is a front view thereof; and FIG. 3% is a left side
elevational view thereof. FIG. 40 is an exploded perspective

view of a cecil assembly body; FIG. 41 is a perspective view

of a coil assembly body; and FIG. 42 1is an exploded
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concept of an image stabilizer according to an embodiment of the present
invention; FIG. 66 is a block diagram showing a first embodiment of the
schematic configuration of an imager apparatus according to the present
invention; and FIG. 67 is a block diagram similarly showing a second
embaodiment of the schematic configuration of an imager apparatus.

5 g .
5811612 show a first éﬂr%%"{c}glmena%%(i5 alens ggrrel of the present

inventiap, This lensfarre) 1 inglydes ajens, syStem 2,a bael pody 3,80, -

imager 4, an image stabilizer 5 and the like. The lens system 2 has

%%%1%(%& sefdn which a;plurafity of lepses.are dispased on the.Same,; ;o5 ¢

cal axis'L. The barrel body 3 supports the lenses of this lens system

Zoiaifixegd-or reqvable manner, Thedmagerd is, furmed;ofan imager «pereor.

device such as a CCD or CMOS arranged on an optical axis L of the lens

system 2 and ig fixed fo the. bagehbbedy3.The image-3fahilizer 8is state of a
attached to the barrel body 3 and stabilizes images of the lens system 2.

Assshowinin RIG; 2. the lers system 2,0Ethg lens-bawgl Ads canstrugted inage

as a collapsible lens having a collapsible lens system formed of

dvergrouplenses: Ao Lir @3 inaghichefive lensgroups ake dispesed obriie  view
same optical axis L. Of the five-group lenses 7 to 11, first-group lens 7

Pesitioned at thesfrontendsinelugasia firstdanss{Awhieh Js anobjeciive second
lens that is to face an object; a prism 7B which opposes this objective
tenmbAondhe eppesitecsfdesto flexible printed circuit board; FIG.
48 is a front view thereof; and FIG. 49 is a left side
elevational view thereof. FIG. 50 is a front view similarly
explaining the repulsive force of a flexible printed circuit
board; and FIG. 51 is a left side elevational view thereof.
FIG. 52 1is a plan view showing a modified example of an
installed state of an electric actuator; FIG. 53 is a plan
view showing a third embodiment of an image stabilizer; FIG.
54 is a perspective view showing a second embodiment of an
electric actuator; FIG. 55 is a plan view thereof; FIG. 56
is a front view thereof; and FIG. 57 is a left side
elevational view therecf. FIG. 58 is a perspective view of a
coil asszembly body:; and FIG. 59 is a perspective view of
magnets and a yoke.

FIG. 60 is an exploded perspective view of a digital
still camera showing a first embodiment of an imager

apparatus according to the present invention. FIG. 61 is a
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the object; and a second lens 7C which faces this prism 7B. The prism 7B
is formed of a triangular prism whose cross section is shaped to be an
isosceles right triangle; one of the two sides which are adjacent to each
other and rotationally displaced by 90 is faced by the objective lens 7A,

Eirgaer;gsthe ther S|de is faceg (i ecmcally, regar Tj:nlg b the

hé cgﬁapsuble lens s system o‘% this gco apS| ens e oplflcéll axis L o
%I‘ll%llleps sg,((?em %és bgnt into_an an% ofé';\pproxmately 9% the r|sm ectlve
c%?ax@ he

7B. Accordingly, a flrst opti IS set on the sﬁie of ws‘%1 ens

thatds an ohjective Jens, and a second %@%@' $ L2 Js seton the side 02 rear

the imager 4 (|mage focusing side) that Is in a ectlon perpendicular fo

he firstrontical axis Li (n adirection which intersgctsthe first qptical gxis, 5 oy,

LI at an angle of 90). As regards this first-group lens 7, light passing

throrgh the phiectiveslens; 7A enters.the prisg, 4B fre%b@g%r%@ce nEN€ont rol

light is then reflected on a reflecting surface “inclined 45regarding the first

Qpficakaxis kl and sqis; made.to;advange in.a dirget g)n that is,benRty9Qent or
24 Subsequently, the light passes through the second lens 7C after being

@fﬁ‘é‘tt@dcg@@h@eﬁik}%&}ﬁﬂggn&n@@@mw|y1@d\@nB§%E9¥VQfQ&?gram showing a
second-group lens 8 along the second optical axis L2. The second-group

1ans8 isawombirationof athirdlensfand foskthilgns 88i aRddy an imager
constructed in

apparatus according to the present invention; and FIG. 67 is
a block diagram similarly showing a second embodiment of the
schematic configuraticn of an imager apparatus.

FIGS. 1 te 12 show a first embodiment of a lens barrel
of the present invention. This lens barrel 1 includes a lens
system 2, a barrel body 3, an imager 4, an image stabilirzer
5 and the like. The lens system 2 has five~group lenses in
which a plurality of lenses are disposed on the same optical
axis L. The barrel body 3 supports the lenses of this lens
system 2 in a fixed or movable manner. The imager 4 1is
formed of an imager device such as a CCD or CMOS arranged on
an optical axis L of the lens system 2 and is fixed to the
barrel body 3. The image stabilizer 5 is attached to the
barrel body 3 and stabilizes images of the lens system 2.

As shown in FIG. 12, the lens system 2 of the lens
barrel 1 1is constructed as a collapsible lens having a

collapsible lens system formed of five-group lenses 7 to 11
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such a manner as to be movable on the second optical axis L2. Light

passing through the second-group lens 8 enters a third-group lens 9. The
third-group lens 9 is formed of a fifth lens fixed to the barrel body 3.

Behind the third-group lens 9 is provided a fourth-group lens 10 formed of

lans% ile S. fBl%te\éve?g tge foycr)th-%rogp Ieng .189 %nsdetge t@lirdggg)u%éens 9 fieal
IS prowdced an ins mechanism 12 caparbeie of" atﬁustlng tRe amduri orflﬁghcfp tee

yhich passes tigudb [ lens system,2. The, fquith-group Jens 10Js . , .5 7
constructed in such a manner asto be movable on the’second optica

s |-2. Behind the fourth group lens 10 isprovided a fifth, f@u%ee S which

formed of a seventh lens 11A and of a correcting lens 15 descri ater

on. Qf the.compgnents of the fifth-group |ens 11, the_ sevenih lens L1A S, .\ -5

fixed to the barrel body 3, the correcting lens 15 is provided béhind this

v@@yenthd%%ééé ina ;mayable mannen, and forther, a.GCD (magen 4S5 4o +o

provided behind the correcting lens 15. The second-group lens 8 and the

fowrthsgroup:leng A9 age Juewaple inthe direction efthe opticaldXis prism 78.

independently 25 and separately along the second optical axis L2. By

‘PRVing- thensergnd-growp Jens:8 and the fourthrdrouR1eNS 104R whose cross

predetermined directions, zoom adjustment and focus adjustment can be
performed.iSpegifigadly, atthe imerof 1ze0mingeby MOViNg theiangle; one of

second-group lens 8 and the fourth-
the two sides which are adjacent to each other and
rotationally displaced by 90° is faced by the objective lens
72, and the other side is faced by the second lens 7C.
Specifically, regarding the collapsible lens system of this
collapsible lens, the optical axis L of the lens system 2 is
bent into an angle of approximately 90° by the prism 7B.
Accordingly, a £first optical axis L1 is set on the side of
the first lens 7A that is an objective lens, and a second
optical axis LZ 1is set on the side of the imager 4 (image
focusing side) that is in a direction perpendicular to the
first optical axis L1 (in a direction which intersects the
first optical axis L1 at an angle of 90°).

As regards this first-group lens 7, light passing
through the cbjective lens 7A enters the prism 7B from one
surface. The light is then reflected on a reflecting surface

inclined 45°regarding the first optical axis L1 and sc is

made to advance in a direction that is bent by 80°.
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group lens 10 from wide to telephoto, zoom adjustment is carried out.
Also, at the time of focusing, by moving the fourth-group lens 10 from
wide to telephoto, focus adjustment can be carried out. The CCD 4 is
fixed to a CCD adaptor and is attached to the barrel body 3 by means of

his CCD adaptor. Ip,front of t%e CCD 4 is prqvided an gptical filter 14,
%%%sbee \?v%%drcla%i’é o%%%al it 1rrl 4 and %eesse%%ﬁtﬁlfgns J%le}fis %?c;cv?geéd t%gns e

};{f‘@g? Stggi ézé%srcfibe Vji.r@etg € fﬁ%&%c'[iq:%leensojt%e-r rh el :L%%e; Stglbliclf.zegeéentually

that Is later in detail is for stabilizing picked-up images (images)

Dlurred by vibration of the lens systen2 o5 the like, Indts normal state, <. .ong

the correcting lens 15 is installed such that the optical axis thereof

Spincides with the second, optical axis L2 ofifhe, lens system 2. Andwhen ; ., ¢

image is blurred on the focusing plane of the CCD 4 owing to vibration of

2 camera body or the like,thedmage blurring grthefogusing plangis.ucted in
stabilized by the image stabilizer 5 which moves the correcting lens 15 in

swenlirgchienseafirstdirection X.Andsecand dinectian ¥ perpendicular t9yis 1.2.
the second optical 26 axis L2. As shown in FIGS. 1 to 11, the barrel body

Bikpldingtheslens systemZef therabovasdescibgd stycturgrnclugeszaiers o
upper barrel 16, a middle barrel 17 and a lower barrel 18 which are
€ombired-ang assembled by arranging one on top of

The third-group lens 9 is formed of a fifth lens fixed
to the barrel Dbody 3. Behind the third-group lens 9 is
provided a fourth-group lens 10 formed of a sixth lens.
Between the fourth-group lens 10 and the third-group lens 9
is provided an iris mechanism 12 capable of adjusting the
amount of light which passes through the lens system 2. The
fourth-group lens 10 is constructed in such a manner as to
be movable on the second optical axis L2. BRehind the fourth
group lens 10 is provided a fifth-group lens 11 formed of a
seventh lens 114 and of a correcting lens 15 described later
on. Of the components of the fifth-greoup lens 11, the
seventh lens 11A 1s £fixed to the barrel body 3, the
correcting lens 15 is provided behind this seventh lens 1124
in a movable manner, and further, a CCD {imager) 4 is
provided behind the correcting lens 15.

The second-group lens 8 and the fourth-group lens 10 are

mevable in the direction of the optical axis independently
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the other in an up-and-down direction. The upper barrel 16 is formed of a

case having an opening window 19 provided in the upper part at the front

and an opening provided in its lower surface. To the opening window 19

is attached the objective lens 7A of the first-group lens 7, and by means

of a panel 21 a acheg to the front surface thereof, the objective lens 7A )
AL At HE o the Upper Bardi . TS the Qﬁﬁgra‘&ar?éfgl% aré fixed thd"°v+nd
1ﬁgism /B Egz)é{i_ded on thﬁ rear Séjrface dof Icrg-:- objgctiv%{le_ns 7A with a 10 i
igﬁt-s‘?necf ing Slra?éJBZ in between, And the Second lens ‘/‘%’f%?&ide&%ﬁ e
tk}}%doweg sugg%e of Egjsf%gislmo;l& Furtherbinsideatgeuu er bgrrel %gés focus
provi &d a first movabie ho d}ng frame 28 Which i% ijpporrrfetrj1 in a

I nner in direction parallel with the.second optical axis L2 .

%%%Y?sbc%e@@ nerin fhe ré(?e%%ft ap'el c1fsié:.a I‘E'I% %%ea%le ime of

he lens system 2 exte e up-and-down~directioh o arre

body 3, dn the firstmoeyable holding  frame 23 is prqvided @ thrgugh-hale < ...y, _

which pénetrates in the “up-and-down direction, and the second-group

ég?ryﬁsl?a Isfixed to ghe dhrglighyhgle. This first moyable holding.frame 235 5

ructed in such a manner as to be movable back and forth 277n the

directia; ofthe secand gptical axigd 2.0ffhe Ighs system gwithina noyving the

predetermined range, by means of a zoom driving mechanism 2
atached to-the,upperharrel 16. The-zgom driviag mechanisp 2dyngludes: rocyg

a zoom motor 25, a feed screw shaft 26 provided as a rotary shaft of this
adjustment can be carried out.

The CCD 4 is fixed to a CCD adaptor and is attached to
the barrel body 3 by means of this CCD adaptor. In front of
the CCD 4 is provided an optical filter 14, and between this
optical filter 14 and the seventh lens 11A 1is provided the
image stabilizer 5 having the correcting lens 15. The image
stabilizer 5 that 1s later described in detail i1s for
stabilizing picked-up images (images) Dblurred by vibration
of the lens system 2 or the like. In its normal state, the
correcting lens 15 is installed such that the optical axis
thereof coincides with the second optical axigs 12 of the
lens system 2. And when image 1is blurred on the focusing
plane of the CCD 4 owing to vibration of a camera body or
the 1like, the image blurring on the focusing plane 1is
stabilized by the 1image stabilizer 5 which moves the

cerrecting lens 15 in two directions {a first direction X

and second direction Y) perpendicular to the second optical
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zoom motor 25, a feed nut 27 which engages with this feed screw shaft

26, and the like. The zoom motor 25 is fixed to a first bracket 28 which is

U-shaped, and both end portions of the feed screw shaft 26 which

protrudes into one end thereof are supported in a freely turnable manner

b% .thLfirst bracket 28. The first bracket 28 is attached to the upper barrel
y means of a plurality of (two in this embodiment) fixed screws 29a

showing a specific ex gofa fastening, mechanism..In the installed ..
state§ thTQ'S% ﬁt%?brlanclg?g ,'th% Fe%d?r?dt Z%een&l%]ég%t?]bt%%%egdlt%%%te%ng the

f@?}fé 2@3}@@eﬁ“d?bgjefm@‘g%eragggég%gHﬁ%gdheéq: Xct:hceuﬁrgtdisnt %udes: an

movable holding frame 23, with its movement restricted as regar

girsetionn whigh s screw grogves extend. [Fusther, fwo guide,shafts 313 .; 14

and 31b penetrate info the first movable holding frame23'in a direction

paraliel with thersecqnd optical axisdd, in.a slidable mapper, Endsof o, top of
both the guide shafts 31a and 31b on one side are held by the upper

braebl,.andigndsihereok an the pthe side are held by.fbe middle parrel 16

barrel 17. 28 Thus, when the zoom motor 25 is driven, the rotating force

pfthefegd screw shaft; 26 is tiansimitted to.thefirg m@@!ﬁuh@@i:‘jﬁrovided in

frame 23 via the feed nut 27. At that time, the feed nut 27 is moved in the

@ﬁl dirgationyuith-respeat nte thre-fead screw shaft,26 diiven ardtatating in its
at the

lower surface. To the opening window 19 is attached the
objective lens T7A of the filrst-group lens 7, and by means of
a panel 21 attached to the front surface therecf, the
objective lens 7A is attached to the upper barrel 16. Inside
the upper barrel 16 are fixed the prism 7B provided on the
rear surface of the objective lens 7A with a light-shielding
plate 22 in between, and the second lens 7C provided on the
lower surface of this prism 7B.

Further, inside the upper barrel 16 is provided a first
movable holding frame 23 which is supported in a movable
manner in the direction parallel with the second optical
axis L2 of the lens system 2 extended in the up-and-down
direction of the barrel body 3. In the first movable holding
frame 23 is provided a through-hole which penetrates in the
up-and-down direction, and the second=-group lens 8 is fixed

to the through-hcle. This first movable holding frame 23 is

constructed in such a manner as to be movable back and forth
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predetermined position. As a result, the first movable holding frame 23
moves in combination with the feed nut 27, thereby making the
second-group lens 8 selectively move either in a direction approaching
the first-group lens 7 or in a direction approaching the third-group lens 9,

in ac%ord nce wijth the ra atjE direction of the z.oonl motor 25, .0n
in the " q ca a

is
4 1ch?1on B SFCOH a ¥is L og]the lens
occasion, the first movable holding frame olding ™ thé“second-group

lens 8 is guided.in the direction parallel with the second gptical axis L2_by
e e e 31k A IRE At Harelo ® o be oV B ™ 2 200

é%%‘?f“%gp%%aéh%’]ﬁf%% wig ax lg%%m%m%dée Qgﬁ%ﬁé%&%@@? ora

roughjly ectangular frame body w has opening pper an

lower (gurfaces,.and 1he o gpenings facethe jower surface. of e upper,, . 5,

barrel 16 and the upper surface of the lower barrel 18, respectively. The

three.barrels thys artanged ope on top gf the ather ae fastened and fixedt .45 ¢

by a plurality of (three in this embodiment) fixed screws 29b which

pengiraie fhesesn thg up-and-down direction; apd sQassemblgdiy this feeq
integrally, thereby constituting the barrel body 3. 29 The third-group lens

9ds dxedt.and held by, the. puddle jparrel ¥ cand irthes«Be inS 15 fixed to

mechanism 12 is provided below the third-group lens 9. This iris

meehanismy 12dneludes adiaphrags memberp 34 Whichfreelyadibists thertions
area of an aperture, a diaphragm supporting plate 33 which

of the feed screw shaft 26 which protrudes into one end
thereof are supported in a freely turnable manner by the
first bracket 28. The first bracket 28 is attached to the
upper barrel 16 by means of a plurality of {two 1in this
enmbodiment) fixed screws 29%a showing a specific example of a
fastening mechanism.

In the installed state of this first bracket 28, the
feed nut 27 engages with the feed screw shaft 26 in a
slidable manner. The feed nut 27 is held by the first
movable holding frame 23, with its movement restricted as
regards the direction in which its screw grooves extend.
Further, two guide shafts 3la and 3lb penetrate into the
first movable holding frame 23 in a direction parallel with
the second optical axis L2 in a slidable manner. Ends c¢f
both the guide shafts 3la and 31b on one side are held by

the upper barrel 16, and ends thereof on the other side are

held by the middle barrel 17.
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supports this diaphragm member 32 in a movable manner, a step motor
34 which opens and closes the diaphragm member 32, and the like. The
step motor 34 is fixed to the side of the upper surface of the middle barrel
17, with a motor base 35 provided in between. The lower barrel 18 is
formeghof  casg uhichias openingsin its uper suriace, side syrface
and lower” urface, an inside the case s suppor%ed a second'movable
olding fr 36 in.a maovable manner inthe up-and-down, direction .
€v i eisép?a% lel W%%et e second %E)%%gl ézx?s L (%lfﬁlél Fen}llstgy%?gr%%. Fr%n © first
A agsand,mevahle haldind fiame 39 sjprovidea lypughnolg WG ¢+ e,
penetrates in the up-and- down direction, and the tourth-group lens 10 is
fixed fathe thrpugh-hole. This seagnd:movahle holding frAMe 36 j5: 11, respect
constructed in such a manner as to be movable back and forth in the
diection of the secopd gpticalaxis L2gf thg lens system 2 withina g 2t the
predetermined range, by means of a focus driving mechanism 37
jpaghed i thelgwerharel 48, The facus,drivingmechanism 3% inclydes v ap1e
a focusing motor 38, a feed screw shaft 39 provided as a rotary shaft 30

106 this fepus.meter 38, afeadsnuti41whish €pgages with rthisfeed sereWwhut 27,
shaft 39, and the like. The focusing motor 38 is fixed to a second bracket

Arzankish is khshapedand both end-pertions ofithg feed scrawshaltdd v  move

which protrudes into one end thereof are supported in a freely turnable
either in a direction approaching the first-group lens 7 or

roetating

in a direction approaching the third-group lens 9, in
accordance with the rotating direction of the zoom motor 25.
On this occasion, the first movable holding frame 23 holding
the second-group lens 8 1is guided in the direction parallel
with the second optical axis L2 by the two guide shafts 3la
and 31b, and therefore can be moved on the second optical
axis L2 with accuracy.

The middle barrel 17 is formed of a roughly rectangular
frame body which has openings in its upper and lower
surfaces, and the two openings face the lower surface of the
upper barrel 16 and the upper surface of the lower barrel 18,
respectively. The three barrels thus arranged one on top of
the other are fastened and fixed by a plurality of {three in
this embodiment) fixed screws 29 which penetrate these in
the up-and-down direction, and so¢ assembled integrally,

thereby constituting the barrel body 3.
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manner by the second bracket 42. The second bracket 42 is attached to
the lower barrel 18 by means of a plurality of (two in this embodiment)
fixed screws 29c that are a fastening mechanism. In the installed state of
this second bracket 42, the feed nut 41 engages with the feed screw shaft

39 in ?h%”d%%'ggd%%% [, he feed nyt 41 is hfkdx%}éth%ée‘:%ﬁg movable, i he

holding frame its‘'movement restricted as regards the direction in

HVhigh ts serew grooyes extgnd. Further, two gyide g@%fgs 45%%%%/5%”5%” 12 is

which is shownin FIG.11) penetrate into the second movab

éméédi”%%%e@i%‘ WEIM-%%% ng?l%d @ptica}ggﬁig Lgrj@sa mechanism

slidable manner. Ends of the two guide shafts 43 on one side are held by

the middlg harrel 17, and-ends thereafion, the other:side areheld bythe o+ 5 e

lower barrel 18. Thus, when the focusing motor 38 is driven, the rotating

force of thefeed: serew;shaft 39 ig fransmitted t@&B%o%e&pﬁg mAvable 33 which
holding frame 36 via the feed nut 41. At that time, the feed nut 41 is

duevedindhe-axial direstion with respectfo the feed serewshafi 39 deiveRer, a

and rotating at 31 the predetermined position. As a result, the second

smeyahie tholding framie:86 smpeves incembination with:thefegd fd linember 32,
thereby making the fourth-group lens 10 selectively move either in a

girectior: appreachinghthedhisd-grew lensd arsinra diraction approaehisgor the
the fifth-group lens 11, in

upper surface of the middle barrel 17, with a motor base 35
provided in between.

The lower bkarrel 18 1is formed of a case which has
openings 1in 1its upper surface, side surface and lower
surface, and inside the case is supported a second movable
holding frame 36 in a movable manner in the up-and-down
direction which is parallel with the second optical axis L2
of the lens system 2. In the second movable holding frame 36
is provided a through-hole which penetrates in the up-and-
down direction, and the fourth-group lens 10 is fixed to the
through-hcle. This second movable holding frame 36 is
constructed in such a manner as to be movable back and forth
in the direction of the second optical axis L2 of the lens
system 2 within a predetermined range, by means of a focus
driving mechanism 37 attached to the lower barrel 18.

The focus driving mechanism 37 includes: a focusing

motor 38, a feed screw shaft 39 provided as a rotary shaft
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accordance with the rotation direction of the focusing motor 38. On this
occasion, the second movable holding frame 36 holding the fourth-group
lens 10 is guided in the a direction parallel with the second optical axis L2
by the two guide shafts 43, and therefore can be moved on the second

optical axis L2 with accuracy.. The CCD 4 is attached to the lower surface ,
P s BaHE) 5 TadRe o CCB haAnter 44 THE Cn SiAgaRs with

44, I formed of a plate which iae a sguare opening n the, middlecandto .

one surface thereof'is in %grally iked %yed fastening

echanism such as adhesijve, thr h a_seal rubber 45.which is, shaped
e A SqumS ) O the ciher SUTRCESS 16 COD loptor 4 i 2Eed,  and

id light-.shieldi late 46-in whi ical.filt d
O o of Salh G nd e are Tod. BARG FroEkon by flor ! PLvtrudes

pressing plate. 44 And,with he gptical filtgrs 14, cﬁ’roi/iﬂje%in%‘}%eﬂﬂlg ClRrnabie

adaptor 44 is attached to the lower barrel 18 by a fastening mechanism

HuaR a8 fixed serews.Inapopening 48 made ingsldeswriace oiflis er 42 55

lower barrél 18 is installed the image stabilizer 5 in a 32 detachable

manneteihe image.stabilizar Shas-a strygtung, shown, in BISS, 1§I%g§iity of
e

This image stabilizer 5 includes the above-mentioned correcting lens 15,
afirst moyingiframge Ly gerend movingflame 2. afixed:base hogrd  are  a

53, an electric actuator 54, a position detector 55 and the like.
fastening mechanism.

In the installed state of this second bracket 42, the
feed nut 41 engages with the feed sgcrew ghaft 3% 1in a
slidable manner. The feed nut 41 1is heid by the second
movable holding frame 36, with its movement restricted as
regards the direction in which its screw grooves extend.
Further, two guide shafts 43 {only one of which is shown in
FIG. 11) penetrate intc the second movable holding frame 36
in the direction parallel with the second optical axis L2 in
a slidable manner. Ends of the two guide shafts 43 on one
side are held by the middle barrel 17, and ends therecf on
the other side are held by the lower barrel 18.

Thus, when the focusing motor 38 is driven, the rctating
force of the feed screw shaft 39 1is transmitted to the
seccond movable holding frame 36 via the feed nut 41. At that

time, the feed nut 41 is moved in the axial direction with

respect to the feed screw shaft 32 driven and rotating at
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The first moving frame 51 supports this correcting lens 15. The second
moving frame 52 supports this first moving frame 51 in a movable manner
in a first direction X perpendicular to the second optical axis L2 of the lens
system 2. The fixed base board 53 supports this second moving frame 52
g%ea moggble manner in the a second direction Y Eﬁﬁgend'cular to the,

datoRd SPHCA AL S aRd phtpetticulst t6 theSiar direction Xofmdd movable

slecitie actator 54 showing a specifi example of a driver movesthefirgt,
moving frame in"the first direction X and moves the Secon moving

frame 52 in_the second diregction Y.. The position detector 55 detects th
frame o he L
po%ﬁi%n of the cloz}?]ect}:r?éelenfsoi“}sr \?Vﬁh%é%&:t%?ﬁés Ieﬁg syssf%er%C gse%y meve

é?gﬁgftq ﬁgt@i%%? fé ng _% g%%% ”%%%"k%&%%ﬁ %gh lens 9 or
Frvill e descrbad | i

camera body which wi esc ater on is shaken or vibrated by

handsshake.ar the Jike, the carreeting, leng, 15 stabilizes blurred image by ;- 4,
e

its position being moved " in the first direction X and/or in"the second

giregtion Yo corresponding o the.amount;of image blurkng aLthal ime: .y notor

As shown in FIG. 18, on the outer peripheral edge of the 33 correctir_lg
ens 152 stepredpartian daa which is contiguatisiaa circumfgrential e 36

direction is provided on one side. Further, two-surface width portions 15b

waddahare: formegen-the gutenperinheral edge ofithe coregling lens  the  a
15 by providing a recess in two positions corresponding to

direction parallel with the second optical axis L2 by the
twe guide shafts 43, and therefore can be moved on the
second optical axis L2 with accuracy.

The CCD 4 is attached to the lower surface of the lower
barrel 18 by means of a CCD adaptor 44. The CCD adaptor 44
is formed of a plate which has a square opening in the
middle; and to one surface'thereof is integrally fixed the
CCD 4 by a fastening mechanism such as adhesive, through a
seal rubber 45 which 1s shaped like a square frame. On the
other surface of the CCD adaptor 44 is provided a light~
shielding plate 46 in which optical filters 14 are arranged
on top of each other, and these are fixed, being pressed by
a filter pressing plate 47. And, with the optical filters 14
provided inside, the CCD adaptor 44 is attached o the lower
barrel 18 by a fastening mechanism such as fixed screws.

In an opening 48 made in a sgide surface of this lower

barrel 18 1is installed the image stabilizer 5 in a
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the diameter direction. This correcting lens 15 is fixed to the first moving
frame 51. As shown in FIGS. 18 and 19, the first moving frame 51
includes: a ring-shaped lens fixed portion 51a into which the correcting
lens 15 is fitted; a yoke fixed portion 51b which is formed continuously to

Jhe.side of this lens fixed partion;ala, being folded Into the form ofa v e
crank, and to Whicha yoke descrlged fatet on is%lxed; and the fike’

S5, /&S fixedpartion 'at%aszazsmpl%%%”efﬁgn%“%ang‘flSh%%e of t@%&ludes
. ; 3

correcting lens 15, and a stepped portion which engages with fhe stepp

{otian, 132 of the correcting Jens 15 is provided og the, p%@%eaa!n%%%gf frame

a fitting hole 58 into which the correcting lens 15 is fitted. Further, t

dans fixed:partion Sta hag worsurace width portions, Sic,and. Sil o ra 53, an

corresponding to the two-surface width portions 15b of the correcting lens

dbeand ayokedixed portion 51b is, conptinugd to-qgne-side ot the ditection. 1 e,

(first direction X) perpendicular to the direction (second direction Y) in

wyhich the twarsyifage width porions plsand5ldare oppesedtQndhe ens 15,

outside of the two-surface width portions 51c and 34 51d of the lens fixed

‘postioneata arererevided afirgtmain beprng-partion 64 and first sty ing frame
bearing portion 62. The first main bearing portion 61 has two bearing

pieces 6lananeh 61b whichare provided in-the fiist:dicection Xwithapendicular
predetermined space in between. The bearing pieces 61a and

to the second optical axis L2 of the lens system 2. The
fixed base board 53 supports this second moving frame 52 in
a movable manner in the a second direction Y perpendicular
to the second optical axis 1LZ and perpendicular to the first
direction X. The electric actuator 54 showing a specific
example of a driver moves the first moving frame 51 in the
first direction X and moves the second moving frame 52 in
the second direction Y. The position detector 55 detects the
position of the correcting lens 15 with respect to the lens
system 2 (as regards the first directicn X and the sscond
direction Y).

When the camera body which will be described later on is
shaken or vibrated by hand-shake or the like, the correcting
lens 15 stabilizes blurred image by its position being moved
in the first direction X and/or in the second direction Y

corresponding to the amount of image blurring at that time.

As shown in FIG. 18, on the ocuter peripheral edge of the
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61b are each provided with a bearing hole, and a first main guide shaft 63
penetrates into those bearing holes in the first direction X. The first main
guide shaft 63 is fixed to both bearing pieces 61a and 61b with pressure,
and both the ends thereof protrude from the bearing pieces 61a and 61b
to the qugside. 'Ehe firstjlqub bearing gortion (?%2 is provided with_a bearijng b
GrE6VE bAMade' R side? A first sub GUIRE Shaft 85 ehgRgeswith tHig+c" 18

(?gg{i]nﬁ égove g4 ;ijn aflicé%blgergag er.ﬁlﬁoira )(/%[(18066 E:Lonstituting a on one
part of the esl'ecjtrlc ac(fuajior gl is fixed 0 the yoﬁe ixed pofctio%%)ﬁ) g’re tﬂe

first moving frame 51 a fastening mechanism such.as ad ive or
1& . %%rgg% %%O?ﬁéng, w1é§% O % IS E%% and 15b are

¢ ROLEICTL
ixed screws. As stown'In the yoke 66 “InClidés: an upper piecé

PS%nae”c? %deWPEQiGSS@QP’ ‘gﬁt@%'ﬂsp%%ex %ra'éeéigd gepased .t%g%%'%é’{g‘%{g lens

with a predetermined amount of space in between, and a joint piece 66c,

wigh, jains theypper and.lower pieces p6a and 66b, The jOHHrQi&%ﬁ@r@&ing o

is provided on one Side of the longitudinal diréction of the upper an

uerpieges 66a apd Hop;and a recess 66 intowhich apait ofghe yoks .4 o

fixed portion SIb 35 of the first moving frame 51 is inSerted is formed from

the lateraldiection of e joint:pjiece 66¢. The recess 66d of the yoke 66
is provided for the purpose of making a later-described coil assembly

body 23 clasgro the goregcting dens,1b, agd withdhis 1ecessfbdi ng frame 51

includes: a ring-shaped lens fixed portion 5la into which
the correcting lens 15 is fitted; a yoke fixed porticn 51b
which is formed continuously to one side of this lens fixed
portion 5la, being folded intoc the form of a crank, and to
which a yoke 66 described later on 1is fixed; and the like.
The lens fixed portion 5la has a shape corresponding to the
shape of the correcting lens 15, and a stepped portion which
engages with the stepped portion 15a of the correcting lens
15 1is provided on the peripheral edge of a fitting hole 58
into which the correcting lens 15 is fitted. Further, the
lens fixed portion 5la has two-surface width pertions 5lc
and 51d corresponding toc the two-surface width portions 15b
of the correcting lens 15, and a vyoke fixed portion 51b is
continued to one side of the direction (first direction Xj
perpendicular to the direction (seccond direction Y) in which
the two-surface width portions 51c¢ and 51d are opposed.

On the outside of the two-surface width porticns 5lc and
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the electric actuator 54 can further be small-sized. To the inner surfaces
of the upper and lower pieces 66a and 66b of this yoke 66 are fixed flat
magnets 67a and 67b which are formed into the shape of rectangles
having approximately the same size as the inner surfaces, by a fastening

chani such as %dhesive. These twqQ magnets 67a and,67b oppased .
e UppLF and Tower dreatin &5 the yokb 68 ortstiLg & hagnetd == "2

b%@i’%é%rhtg%?l:eﬁ%c acfualor p4.Speeifically, one magnete girault, ¢, ppe

mem ving one yoke 66 and two magnets 67a and67b serves as a

fmagnete gireuitdar a fisst glectyic acgatgr that 5. fiest deiver and.alse ¢1, ang

serves as a magnetic circuit for a second electric actuator that'is a

segongdriver. In.this.embodiment ;3 magnetic-gircuit fofthe electic «  ivn 4

actuator 54 is constructed by fixing the flat magnets 67a and 67b to the

saersutfacesof theuprer andiewerpigces $6a and 66h-of the yoke 66,1 5 ang
which is for strengthening magnetic force applied to two coils described

dater ane Thereforey sagnets acaarding te ar empogdiment of the pregept+ nain
invention are not necessarily provided on both the inner 36 surfaces of

dhe gppesranc:lower piecrs:6Ga-and 66k of the ke 66z buthy fixinga :in the

magnet either on the upper piece 66a or on the lower piece 66b, a
magneticiciecsitfornthe, electdc actuatonbd sarbe conskuctedss well. Asied to

shown in FIG. 18, the second moving frame 52 is

both bearing pieces 6la and 6lb with pressure, and both the
ends thereof prctrude from the bearing pieces 6la and 6lb to
the outside. The first sub bearing portion 62 is provided
with a bearing groove 64 made in its side. A first sub guide
shaft 65 engages with this bearing groove 64 in a slidable
manner.

Alsoc, a yoke 66 constituting a part of the electric
actuator 54 is fixed to the yoke fixed portion S5Sib o0f the
first moving frame 51 by a fastening mechanism such as
adhesive or fixed screws. As shown in FIG. 20, the yoke 66
includes: an upper piece 66a and a lower piece 66b, which
are parallel and opposed to each other with a predetermined
amount of space 1in between, and a joint piece 66c, which
Jjoins the upper and lower pieces 66a and 66b. The Joint
plece 66c 1is provided on one side of the longitudinal

direction of the upper and lower pieces 66a and 66b and a

recess 66d into which a part of the yoke fixed portion 51b
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formed of a flat plate which is slightly wider than the first moving frame
51. The second moving frame 52 is assembled facing the first moving
frame 51 in such a manner as to fit under it. At the position of the second
moving frame 52 corresponding to the fitting hole 58 of the first moving

frame 51 is.provided a through-hole 68 which h imately th
LBimkSize 42 the MG ol 56™0n e Wpperrsbior s SARGHRE Erom the

ving frame 52 js provided a second bearing portjon for supporting the
#%gtemr%ﬁ\%ng r%er‘}nce{ inoagslﬁ?laeblé] %la%% ‘fi"netghée) fégcdirection X. The

secongd bearing portion.includes: a second main hearing portion, 7.1 whi
e rte%sgss r%glg o) at%gﬁx%%?e 6%8 ng \/?nrgoﬁé“d%% ?:J?)r the

supports the first main guide shaft 0 the first mo me 51,in

é‘ﬁ%%%%é”dg?'em%”ﬂg& Cge”gjﬁ%aﬁ%?s%deé“)‘(%e?ﬁ%ﬁngc%offﬂona?s‘é"zﬁﬁx pody 93

orts the first su in a fi manner. [n the state i

which.thefirstomaving frame 51 has been fitted gpto @gtﬁe%ﬁgﬁn%%ss 66d,

frame 52, the second main bearing portion 71 is provided in such a

praition asio pe capable gf- sypprting ot ends efthe fiistmainguide 7., 1y

shaft 63. Specifically, the second main bearing portion 71 includes 37

fwe beadng pieces 7da anc.71hwhich suppartheth ends.ofsthedirstmaing gy, ¢

guide shaft 63, and is provided on the upper surface of the second
moving.frarae g inysuch& mannenagtoproliude upwards fhe tWe, yhich are

bearing pieces 71a and 71b of the second main

formed intc the shape of rectangles having approximately the
same size ag the inner surfaces, by a fastening mechanism
such as adhesive. These two magnets 67a and 67b opposed in
the upper and lower direction and the vyoke 66 constitute a
magnetic circuit for the electric actuator 54. S8pecifically,
one magnetic circuit member having cne vyoke 66 and two
magnets 67a and 67b serves as a magnetic circuilt for a first
electric actuator that is a first driver and also serves as
a magnetic circuit for a second electric actuator that is a
second driver.

In this embodiment, a magnetic circuit for the electric
actuateor 54 1is constructed by fixing the £flat magnets 6€7a
and ©7b to the inner surfaces of the upper and lower pieces
bba and 66b of the yoke 66, which is for strengthening
magnetic force applied to two coils described later on.
Therefore, magnets according to an embodiment of the present

invention are not necessarily provided on both the inner
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bearing portion 71 are formed apart from each other by the distance

which is the total of the length of the first main bearing portion 61 in the

first direction X and the length necessary for the first moving frame 51 to

move in the first direction X. The two bearing pieces 71a and 71b are

each _provided with a bearing hole, and both ends of the first main guide

Shaft 63 are ?r?seﬁtgg inut’%%%ég bgélrcling Big&ina" §figsole aanﬁ‘@‘é A](%s%éj)}:,)inof the
the state in which the first moving frame 51 _has heen fitted onto the .
%%%%ndtber%bvvi%"gi%ra%% 1"}tiﬁ“en ge%i\)nén aﬁj%egeaﬁﬁbg&ﬁ%ﬁioﬁrh% %ro\l/%%%r piece

gkguana RosiioN.As(0, goneepond to.lhe ref sy bearnd PANIRAO2:  ror the
Specifically, the second sub Erjaearlng portion 72 inchides two %earlng

Dicges, 730 and f2buhid) suppork both gnds, of Ipe st sub. guide shat

65. The two bearing pieces 72a and 72b are each provided with a bearing

hole, and hath.ends;of thefirst sup guideshaft B3 ake fixed:tgthose. . 52

bearing holes with pressure. This first sub guide shaft 65 is inserted in a

Frepheslidaple manner.in the bearing grogve 64 prgvided in, theifirstsuby, . the

bearing portion 62 of the first moving frame 38 51. The first sub guide
shall 65 angd; firgl maipguide shaft 63rare sq.gelfhat thelrshaftcenigre 5o g

lines become parallel to each other, and the first moving frame 51 is
gﬁ@@ﬁtﬁ\é@oﬁh@lﬂﬁ@ shafts 63 .and Gadeheymevable ithefirsts dikgctionpanner
aé to fit under it. At the position of the second moving
frame 52 corresponding to the fitting hole 58 of the first
moving frame 51 is provided a through-hole 68 which has
approximately the same size as the fitting hole 58. 0On the
upper surface of this second moving frame 52 is provided a
second bearing portion for supporting the first moving frame
51 in a slidable manner in the first direction X.

The second bearing portion includes: a second main
bearing portion 71 which suppcrts the first main guide shaft
63 fixed to the first moving frame 51, in a freely slidable
manner; and a secend sub bearing portion 72 which supports
the first sub guide shaft 65 in a fixed manner. In the state
in which the first moving frame 51 has been fitted ontec the
second moving frame 52, the second main bearing portion 71
is provided in such a ©position as to be capable of

supporting both ends of the first main guide shaft 63,

Specifically, the second main bearing portion 71 includes
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On the lower surface of the second moving frame 52 is provided a third
bearing portion for supporting the second moving frame 52 in a slidable
manner in the second direction Y perpendicular to the first direction X.
The third bearing portion includes a third main bearing portion 75 and

+{pitd yub bearing portion 76, T h%@_rdﬂgi”&’ﬁ%@ﬂg !%%%;gggé ignéa%ongnds of

end of the second moving frame 52 in the first direction™X, includes two

{BeArng pleces, 499 ang S%b JQyided with g predetefpined amount afy, o yppe -

space away from each other in the second direction'Y, and is provided on

dheelower surfage ofthe seeopd maying frame 82 insuch,amanner Aso 45 +o

protrude downward. The two bearing pieces 75a and 75b are each

Jyravidedwith,a bearing hole, and both ends of a second main guide shaft
77 which extends in the second direction Y are inserted in those bearing

holesiina slidablesmanngr. Alsozthe third suh.hearing porioEs isecond main
provided approximately at the center of the other end of the second

geavingdrape-s2 imthe first diregtion X Thig thind subsearinpertiae 76y the
is provided with a bearing groove 78 open 39 to the lateral direction. A

sesond subwguidenshaft 9 extending inithe secanchdirection Yehe first main
perpendicular to the first direction X is engaged with this bearing groove

pEkini Agligalde manner. Both the-secopdtain guideishafty 7angl the length

second sub guide shaft 79 are fixed to the fixed base board

necessary for the first moving frame 51 to move in the first
direction X. The two bearing pieces 7la and 71b are each
provided with & bearing hole, and both ends of the first
main guide shait 63 are inserted in tThose bkearing holes 1n a
slidable manner.

Also, in the state in which the first moving frame 51
has been fitted onto the second moving frame 52, the second
sub bearing portion 72 1s provided at such a pesition as to
correspond to the first sub bearing portion 62. Specifically,
the second sub bearing portion 72 includes two bearing
pleces 7Za and 72b which support both ends of the first sub
guide shaft ©5. The two bearing pieces 7Za and 72Zb are each
provided with a bearing hole, and both ends of the first sub
guide shaft 65 are fixed to those bearing holes with
pressure. This first sub guide shaft 65 is inserted in a

freely slidabkle manner in the bearing groove 64 provided in

the first sub bearing portion 62 of the first moving Iframe
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53, respectively. The second moving frame 52 is assembled facing this
fixed base board 53 in such a manner as to fit over it. As shown in FIG.
18, the fixed base board 53 includes a moving frame supporting portion
53a which corresponds to the second moving frame 52 in size, a coil

ixed portion 53b, provided continugusly farmed a e body with this.
ovinh Mot SopEinG AR SAA: S S ThE MogHg Harzice <hate

%‘pBQ’éi”QCPOQ@J‘ 3 f?g@%‘% ‘?fs%é'%‘tp'ét%n‘@éightgﬁﬁe%]p%ggigﬁn%‘?géara11e1

e same size as the secon moving frame 52, and the coill fixe portion

290ds cantinupus to anerend,of this moving frame sYnpEIting Poion p3de 4 1y

In the first direction X. At the position of the moving frame supporting

H%Péﬂongi%f"d%o”gﬁ%%”@éngéé thefhroygh-hole 68.0f the, seeand.moving, 5 gt
frame 52 is provided a through-hole 81 which has approximately the
$ame. sizeasithe through-hole 68. A fourth bearing portion which

supports the second moving frame 52 in a slidable manner in the second

directigD Y hy meanrs.of a.second guideshaft is-provided & both ends:@f =2 is

the upper surface of this moving frame supporting portion 40 53a in the

dirstdiraction X - Fhe-fouphhepding pettion-inclydas afoushmaing beaingsecond
portion 82 provided on one side in the first direction X, and a fourth sub

rRealing portier83 pravided en itherothenside irthedirstdirestionna Therection
fourth main
Y perpendicular to the first direction X. The third bearing
portion includes a third main bearing portion 75 and third
sub bearing portion 76. The third main bearing porticn 75 is
on one end of the second moving frame 52 in the first
directicn X, includes two bearing pieces 75a and 75b
provided with a predetermined amount of space away from each
other in the second direction Y, and is provided on the
lower surface of the second moving frame 52 in such a manner
as to protrude downward. The two bearing pieces 75a and 75b
are each provided with a bearing hole, and both ends of a
second main guide shaft 77 which extends in the second
direction Y are inserted in those bearing holes in a
slidable manner.

Also, the third sub bearing portion 76 is provided
approximately at the center of the other end of the second

moving frame 52 in the first direction X. This third sub

bearing portion 76 is provided with a bearing groove 78 open
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bearing portion 82 includes two bearing pieces 82a and 82b provided with
a certain amount of space away from each other in the second direction
Y, and is provided on the upper surface of the moving frame supporting
portion 53a in such a manner as to protrude upward. The two bearing

{pieces, B2aand, 82 are each proyided with abearing Nole. apd o oy aze 7
positions in the middle of the second main gw&e shaft77in its'axial

Sitectian are mgssed Inta (hose pearing holes 0 be fixed, Thus bt oo i
ends of t second main guide shaft protrude to the outside of the two

PEANg pieces 829.and 82b, %%8‘&5"_%91@6%‘9{94368@9%9}16 e§g§&ze 78 in

and 75b of the third main beari ortion 75 provided on the sec

nving frame 3¢, 41g fitted da the protruding Nostiqns;at beth gRASALIAS 77 4ng

second main guide shaft 77 in a slidable manner. The two bearing pieces

JORANd 1o are apart rgmeachotherby-the distance whichiisthe fofal. 1644

of the length between the two bearing pieces 82a and 82b and the length

necessary, forthe .ggcond meuing-frame 5240 meyesn thesecond ¢ sssembled
direction Y. Therefore, the third main bearing portion 75 of the second 41

faeving framesS2ris.auppered ing meyable manner edtsidethentMo as to fit
bearing pieces 82a and 82b, with respect to the second main guide shaft
d-Ffixegkto the fourth main bearing portion 82 of the fixed base board 53.

Also, the fourth sub bearing portion 83 includes two

As shown in FIG. 18, the fixed base board 53 includes a
moving frame supporting portion 53a which corresponds to the
second moving frame 52 in size, a coil fixed portion 53b
provided continucusly formed as one body with this moving
frame supporting portion 53a, and the like. The moving frame
supporting portion 53a is formed of a flat plate which has
approximately the same size as the second moving Iframe 52,
and the coil fixed portion 53b is continuocus to one end of
this moving frame supporting portion 53a in the first
direction X. At the position of the moving frame supporting
portion 53a corresponding to the through-hole 68 of the
second moving frame 52 is provided a through-hole 81 which
has approximately the same size as the through-hole 68. A
fourth bearing portion which supports the second moving
frame 52 in a slidable manner in the seccnd direction Y by
means of a second guide shaft is provided at both ends of

the upper surface of this moving frame supporting portion
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bearing pieces 83a and 83b provided with a certain amount of space
away from each other in the second direction Y, and is provided on the
upper surface of the moving frame supporting portion 53a in such a
manner as to protrude upward. The two bearing pieces 83a and 83b are

ch.provided with a bearing, hole, and the second sub guide shaft 79 is
5e§la 1n &%e 1rs C%_ e‘]g;l

L t . .
pressed into those earlrrlg oles to'be supported with both the ends

thereat fixedHn lis gxial direction. E%%ffﬁz‘?o@os‘%b%‘hpoeeaéi”%ie 22 nain

and 83D, the bearing groove 780 ird sub bearing portion 7

HQyided Ot'}%@ﬁt%e&?”ds@owﬂgof@ﬁgdsz i5:£naaged withythe sgeondhsub ¢ oo

guide shaft 79 in a slidable manner. Therefore, it is possible for the third

SHP. bearing portiany/ 6,toAnove by a.predetermined AIstancq % N8 oy 3 ded on

second direction Y between the two bearing piecés 83a and 83b, guided

hyethe sgeendssuh.guide shaft 79; The cail fixed portion, 53b efthe fixed 1, main

base board 53 is formed of a roughly square flat part which has a

eRPOHINgWal B4-pretuding-upwatd, and thesupposting:walk84 522 and 82b

provided on one side in the second direction Y. A coil supporting stand 85

de fyeditithe: ¢oil fixeddnartion 53R d2andra colbassembly bedy®3dsch other
attached to the coil supporting stand 85. As shown in FIG. 20, the coil

SWpparingssiand 85 isiprevided for keepingithe goilpassermbly begy 93at upper
a predetermined height, and is formed as a frame body whose plane is
é&sha@%dbﬁﬂﬁﬁéﬂﬁdmmﬁﬁngrame supporting portion 53a in such a
manner as to preotrude upward. The two bearing pileces 82a and
82b are each provided with a bearing hole, and two positions
in the middle of the second main guide shaft 77 in its axial
direction are pressed into those bearing holes to be fixed.
Thus, both ends of the second main guide shaft 77 protrude
to the outside of the twoe bearing pieces 82a and 82b,
respectively.

The two bearing pieces 75a and 75b of the third main
bearing portion 75 provided on the second moving frame 352
are fitted to the protruding portions at both ends of this
second main gulde shaft 77 in a slidable manner. The two
bearing pieces 7ba and 75b are apart from each other by the
distance which is the total of the length between the two
bearing pieces 82a and 82b and the length necessary for the

second moving frame 52 to move in the second direction Y.

Therefore, the third main bearing portion 75 of the second

41



stand 85 is mounted on the coil fixed portion 53b to be set along the
supporting wall 84, and integrally fixed to the fixed base board 53 by a
fastening mechanism such as adhesive or fixed screws. On the lower
surface of the fixed base board 53 is provided an attachment boss portion

29506 Mg bisp the bareLBad.3 The UoRersiacedl iR obyside e
suppoﬁing stand 85 i$ formed as a plane surface, and two

positign-deciding, projections 85a and Sha for degiding, eee%si%ﬁon M second

coil supporting member 86 are provided on the upper sufrface. The two

Rositiop;deriding praiestions;8ra.and, 85 are-dispesed With ... i ng portion

predetérmined amount of space away from each other in the second
ghiregtion ¥, apd.the cail supperting member 86 also serving as a flexible

reinforcing plate, whose position has been decided by both the

position-decidipgprojestiops 8saang 82a; isdixed,on the,upper sufateyes two
of the coil supporting stand 85. A flexible printed circuit board 87 with

peedetarmiped electtic sireuits printed ondtsaupper; an Igwek sudacesiisount of
fixed to the coil supporting member 86 by a fastening mechanism such as

aghesive fape. AA flak eoll 88 shewing a seecific-exampleaf afirsh coil znd is
is installed on the upper surface of the coil supporting member 86. As

shewnde &1Gn2@ wadwiherdigiies; athe ftat ceih 88 s formedafiwe supporting
levelly-wound elliptical coil portions 88a and 88b disposed side by side.

gbettwon 53a in such a manner as to protrude upward. The two
bearing pieces 83a and 83b are each provided with a bearing
hole, and the second sub guide shaft 79 is pressed into
those bearing holes to be supported with both the ends
thereof fixed in its axial direction. Between those two
bearing pieces 83a and 83b, the bearing groove 78 of the
third sub bearing pertion 76 provided on the second moving
frame 52 1is engaged with the second sub guide shaft 79 in a
slidable manner. Therefore, it is possible for the third sub
bearing portion 76 to move by a predetermined distance in
the second direction Y between the two bearing pieces 83a
and 83b, guided by the second sub guide shaft 79.

The coll fixed portion 53b of the fixed base board 53 is
formed of a roughly sqguare flat part which has a supporting
wall B84 protruding upward, and the supporting wall 84 1is
provided on one side 1in the second direction Y. A ceoil

supporting stand 85 is fixed to the coil fixed portion 53b,
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coil portions 88a and 88b are approximately equal in length in the
widthwise direction, but are different in length in the lengthwise direction.
The coil supporting member 86 having this flat coil 88 is fixed on the
upper surface on one end of the flexible printed circuit board 87, with both

SRl pogtions §8a and 88 extending lengihwise in tﬁ%ﬁ;’i@%g” to jhe coil

substantially perpendicular to the direction in which e pri

Slreyt board 87 exigngs. Ag shown,in FIG, 21 and gthepfigures, peoardingg 53

thée first coil"portion He provided on the side where the flexible printed

Sirewit board 87 extends, its;length inthelepgthwisg diregtion (the.second 11

direction Y) is made within the range of the length of the coil supporting

marekenge ihdhe secend dirgction Y. Jegardingrihe sgeond. ail RAMIeR red as
88b, meanwhile, its length in the lengthwise direction (the second

direglion.Y)Jsanadashert imeomparison withhedfirst ¢oik portien 8834 pporting
This is because a space is provided on one side of the second coil

poxtion 88D indhedenatbwisendireationoand the:jeint pisge £66¢ thatds 8o be set
part of the yoke 66 which constitutes a part of the electric actuator 54, 44

s proyided dn therspace 8g as/tolmakeithe glegtricnaelyator54 rfixed to the
small-sized. The two coil portions 88a and 88b are formed by winding one
toikadre; lanselectric £otrent i made ta flovkis the: isame diredtion atdhesuch  as
parts extending straight in the second

adhesive or fixed screws. On the lower surface of the fixed
base board 53 is provided an attachment boss portion 53¢ for
fixing this to the barrel body 3.

The upper surface of the coil supporting stand 85 is
formed as a plane surface, and two position-deciding
projections 85a and 85a for deciding the position of a coil
supporting member 86 are provided on the upper surface. The
two position-deciding projections 85%a and 85a are disposed
with a predetermined amount of space away from each other in
the second directicon Y, and the coil supporting member 86
also serving as a flexible reinforcing plate, whose position
has been decided by both the position-deciding projections
8ba and Bba, 1is fixed on the upper surface of the goil
supporting stand B85. A flexible printed circuit board 87
with predetermined electric circults printed on its upper

and lower surfaces is fixed to the coil supporting member 86

by a fastening mechanism such as adhesive tape.
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direction Y on the long sides adjacent to each other in the first direction X,
and thrust-generating portions 89a and 89b of different lengths are thus
formed. As shown in FIG. 22 and other figures, in the state in which the
electric actuator 54 has been constructed, these thrust-generating

portiops 98 and 596 ase;oppesed g the magnet o7a The flal poil 8815, ;.o
electrically connected to a pre etermined w ing palttern provP ed on'the

%%::%r Slirgaceigggl}elﬁ% ible int%@rcuﬂﬁgg&d 87S.uTIrEJas%évhegfzm the coil

ric current Is applied to the two coil portions 88a and 88b, magnetic

JH%@QQH%%Q%%@% n?@.net§§7§%67ﬂ’xa%t§(§ip t@@ dé@&“%@her figures,

perpendicular to the thrust-generating portions 89a and 89b of the flat coil

88, sq that forge 1dirgsted n the firstdireetion X acts,on &f}gﬂger% they 1iptical

magnets 67a and 67b according to Fleming's left-hand rule. As described

@aboye, singe theflag gqil 88,is fermed of thedwa cqil pertigys 88and 88k o

disposed side by side, large thrust-generating portions can be secured

ayth theoflaticail88:lesated £lasero the.corrroting 1ens 19 and slarediin & ength
predetermined space. Moreover, since a 45 predetermined space is

intovided hy: makingsthe dangth of the, twoe coilpartionsrf88a-and 88k 1ength in

different from each other, and the joint piece 66c¢ of the yoke 66 is
frevidegdrig thatispace] i ités-passible tomake the whale gbtherelggtriGrenber 86

actuator 54 small-sized.

having this flat coil 88 is fixed on the upper surface on
cne end of the flexible printed circuit board 87, with both
coil portions 88a and 88b extending lengthwise in the
direction substantially perpendicular to the direction in
which the flexible printed circuit board 87 extends.

As shewn in FIG. 21 and other figures, regarding the
first cecil portion 88a provided on the side where the
flexible printed circult board 87 extends, its length in the
lengthwise direction (the second direction Y) is made within
the range of the length of the coil supporting member 86 in
the second direction Y. Regarding the second coil portion
88b, meanwhile, its length in the lengthwise direction ({the
second direction Y) is made short in comparison with the
first coil portion 88a. This 1is because a space is provided
on one side of the second coil portion 88b in the lengthwise
direction, and the joint pilece 66c that is a part of the

yoke 66 which constitutes a part of the electric actuator 54,
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Also, a cylindrical coil 91 showing a specific example of a second coil is
installed under the flexible printed circuit board 87. Both ends of the
cylindrical coil 91 are electrically connected to a predetermined wiring
pattern provided on the lower surface of the flexible printed circuit board

igoj' A&%ﬁz‘i"&%ﬁ‘ F!L% ZQﬁQd %Bgrc:@g,u':e§oth9agy”%ic%ggg S_)ltiﬁe electric

provided with a rectangular space portion at its center so that it becomes

A-kectangulay, cylindricalbody,as a whole, and is formed into the shape of
an angular cylinder by winding coil wire by a predetermined amount so

that itihas a predetermined thickness én then diretion.of @ stackied by winding

Regarding this cylindrical coil 91, a thrust-generating portion 92 is fixed to

dhe flexdble printed cireuitboard 87 by afasteningmechaqismthatissy in the
adhesive, with the direction in which its coil wire extends being faced the

disstdirection ¥ Jhedewer piese 668 of the yoke 66 andthelowermagaetsecond
67b integrally fixed thereto are inserted in the space portion at the center

of the-eylindriealxoil He Thusgvhenian elecide edirentds appliedtatbe in the
cylindrical coil 91, 46 magnetic force produced by the magnets 67a and
Birbsactsdn rthetdiraction pespendicular e the-theustrgeneratingpostion 89a and
92, and so force directed in the second direction Y acts on the side of the
feagnefs G4 And&7b, aecarding ta FHeming's |efishand.rulessThereoiln in FIG.
supporting member 86, the flexible

22 and cother figures, in the state in which the electric
actuator 54 has been constructed, these thrust-generating
porticons 8%a and 8%b are opposed to the magnet 67a.

The flat coil 88 1is electrically connected to a
predetermined wiring pattern provided on the upper surface
of the flexible printed circuit board 87. Thus, when an
electric current is applied to the two ccil portions 88a and
88b, magnetic force produced by the magnets 67a and 67b acts
in the direction perpendicular to the thrust-generating
porticons 8%a and 8%k of the flat coill 88, so that force
directed in the first direction X acts on the side of the
magnets 67a and 67b according to Fleming’s left-hand rule.

As described above, since the flat coil 88 is formed of
the two coil portions 88a and 88b disposed side by side,
large thrust-generating portions can be secured with the

flat ceil 88 located close to the correcting lens 15 and

stored 1in a predetermined space. Moreover, since a
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printed circuit board 87, the flat coil 88 and the cylindrical coil 91

constitute the coil assembly body 93. As described above, since one coll

assembly body 93 is constructed by attaching the flat coil 88 to one

surface of the coil supporting member 86 and by attaching the cylindrical

co I to the ottﬁ}er surface so as to stac Kk th% two 01Is 88 1 in %h of the
ec |on para with the second opf‘ca@1 axis Lzmat IS p SSI 13 to feduce a

Spaceden o"’r]iEdS‘OQB{‘g&Qeé‘é’g Coﬁ% 88and 3leipnd t?eérﬁj&re gv'?n herpendicylar - ong

to the sec ptical axis L2, and thus the w of the device can be

Smallsized. Byriher, '%Bécd'%QOS&@%tﬂ?otﬁéu%@eﬂS%‘P&PP&E‘&”%%‘?%EQQ space,
89D of the flat coll 88 and the thrust-generating portion 92 of the

ylindrical cqll 91 such thanthey jtersach each-other.at, i'%‘c?@@eéct@@ator 54

magnetic force of the magnets 67a and 67b is applied to both the
dheust-generating portions 89a, 89b, and 91 in common, which enables
the number of parts of the actuator to be reduced. FIGS. 21 and 22 show

the elgetic actuatay S inchiding e goilassemblyikdy D35 e akeb6e xamp1e
and the two magnets 47 67a and 67b described above. Of the

spmponeatsatithis celectrig actualor d4 the yoke66, thestweraagrats printed
67a and 67b and the flat coil 88 constitute a first driver (first electric

actuater) which-aoves theeoiresting leps 15 itheyfirst direetion Xby1 91 are
means of the first moving frame 51. The
electrically connected to a predetermined wiring pattern
provided on the lower surface o¢f the flexible printed
circuilt board 87. As shown in FIG. 20 and other figures, the
cylindrical coill 91 is provided with a rectangular space
portion at 1ts center so that it becomes a rectangular
cylindrical body as a whole, and is formed into the shape of
an angular cylinder by winding coil wire by a predetermined
amount so that it has a predetermined thickness in the
direction ¢f a stack. Regarding this cylindrical ccil 91, a
thrust-generating portion 92 is fixed to the flexible
printed circuit board 87 by a fastening mechanism that is
adhesive, with the direction in which its coil wire extends
being faced the first direction X.

The lower piece 66b of the yocke 66 and the lower magnet
67b integrally fixed thereto are inserted in the space

portion at the center of the cylindrical coil 91. Thus, when

an electric current is applied to the cylindrical coil 91,
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first main and sub bearing portions 61 and 62 of the first moving frame

51, the first main and sub guide shafts 63 and 65, and the second main
and sub bearing portions 71 and 72 constitute a first guide which guides
the correcting lens 15 in the first direction X perpendicular to the second

9 t| axis L2 of the lens barrel 1 eans_of the firs ow fr e5
I?w & oke 66" t]neg Ciee bn/et qé&?a anr?%?% ané % atts in

e, the yo two mag he cy ncal
G0l 93, constitute a second driver, (sec gd electti actuato WhIC moves
the cor;}"reéj[(fsrilt'g Ienzp;S |Er? tﬂe second recﬁon%Y y mean e seco(rlrdpomlon

gpoving frame 52, The Hﬁ@e@@gaa%s%eearw@o%oat'%%géergn?%ofacts on

thé second moving frame 52, the second main and sub guide shafts 77

and 79, @nddhe fquith,mainand sub.bearing partions 82, 40083 « , F1eming’ s

constitute a second guide which guides the correcting lens 15n the

seeond direction X perpgadigylar ta;the. se wiom&%%%@ ofthe lep.wipie

barrel 1 and perpendicular to the first direction X by means of the "second

pRavibg drame; $2.AA% desgribed abgye, indhis embogdiment, one magnelicy  the

48 circuit member having one yoke 66 and two magnets 67a and 67b

SeIvesias adnagnetic crcuitdasthedfirstdrives andia naagneticiGiresidor o3
the second driver. Therefore, since there is no need to provide a

magnetic giseuit-iembes farveachsdriver, thesumber okpadsgan beody 93 is
reduced to that

constructed by attaching the flat coil 88 to one surface of
the coil supporting member 86 and by attaching the
cylindrical coil 91 to the other surface so as to stack the
two coils 88 and 91 in a direction parallel with the second
optical axis L2, it 1is possible to reduce a space for
arranging the twe «colils 88 and 91 in the direction
perpendicular to the second optical axis 12, and thus the
whole of the device can be small-sized. Further, by
disposing the thrust-generating portions 8%a and 89 of the
flat coil 88 and the thrust-generating portion 92 of the
cylindrical coil 91 such that fthey intersect each other at
right angles, the magnetic force of the magnets 67a and 67b
is applied to both the thrust-generating portions 8%a, 89b,
and 91 in common, which enables the number of parts of the
actuator toc be reduced.

FIGS. 21 and 22 show the electric actuator 34 including

the coil assembly body 93, the yoke 66 and the two magnets
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extent and the whole of the device can be small-sized. Also, as shown in
FIG. 20, to the lower surface of the coil supporting member 86 are
attached a first hall element 94 showing a specific example of a first
position detector, a second hall element 95 showing a specific example of

& second pesition detector, and aythermistor 96 S@%Vgi”%%n;%%%% s of this

example of a temperature detector. The first hall element etects the

Position;of the cerreciingdans 1%,in m&rst&étecfé%%xtgéemﬁgqﬁgwe67a and
first moving frame 51. Also, the second hall element 95 detects the

Position of the. coprecting.lens 1p4n the,second directior Y, by means of (first

the second moving frame 52. The first hall element 94 is provided at one

side-ofithe cylindrical coil 91 and the, secendhall.elemant 95 is pravided ; », the

at the other side of the cylindrical coil 91. At predetermined positions the

firsthallelement 94 andpsegandhkalbelemeant §5.detect the styergth@f the . the

magnetic force of the lower magnet 67b, and then output detection

signats inaceodance with the stegoth of the-magreticafoices Based the first
upon the detection signals from the two hall 49 elements 94 and 95, a

wontrabunitealeulates the positien rofriihe corsectingdensy 13 by agthimetic 63 and
operation. Further, the thermistor 96 detects the temperature in the
gicinityraf the<ol assemblydody 93¢ antwher thei tegnpesatuie sthe1l and 72

vicinity thereof has risen to a predetermined value or above,

constitute a first guide which guides the correcting lens 15
in the first direction X perpendicular to the second optical
axis LZ of the lens barrel 1 by means of the first moving
frame 51.

Further, the yoke 66, the two magnets 67a and 67b and
the cylindrical coil 91 constitute a second driver (second
electric actuator) which moves the correcting lens 15 in the
second direction Y by means of the second moving frame 52.
The third main and sub bearing portions 75 and 76 of the
second moving frame 52, the second main and sub guide shafts
77 and 7%, and the fourth main and sub bearing portions 82
and 83 constitute a second guide which guides the correcting
lens 15 in the seccond direction Y perpendicular to the
second optical axis L2 of the lens Dbarrel 1 and
perpendicular to the first direction X by means of the

second moving frame 52,

As described above, in this embodiment, one magnetic
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temperature correction is performed in addition to stabilizing images
blurred by camera shake, a vibration or the like. The image stabilizer 5
with the above-mentioned structure is, for example, assembled as
follows. First, as shown in FIGS. 20 to 22, the flat coil 88 is fixed to one

%ilj;fgﬁg@f Epeem%oei'rSUHB%r{iHegtmo berc%@éa th%n%yli%%écalﬂ%oggn% (%88‘?76 and

xed to the opposite surface'to w ick The flexible printed circuitboar

iy gonnected. Thus, the gl assemhly body 9%4&%@.@%%@ driver and a

supporting member 86 and the two coils 88 and 91 are joined Is

£90atygted. The lower pigce 66l of the yoke 66 is.inserted inta the hole ;| -

of the cylindrical coil 91 of this coil assembly body 93 from the lateral

direction; and the Jowgr rpagnet §7bfixed tq.theinpersurtace of theJower . £

piece 66b is opposed to the thrust-generating portion 92 of the cylindrical

€014 Al the-same,ime, the Wpper Magpettrals,appgsediodne uppes  that
surface of the flat coil 88. Thus, the thrust- generating portions 89a and

89bofithe flat epik-88apddhe 54 Huusl-ganatating pedion @2 of the o4 .
cylindrical coil 91 are held between the upper and lower magnets 67a and

67b, thereby eenstitiing the electric antyaterSd: Hhe ColleSUPPOHING-c of the
member 86 of this electric actuator 54 is mounted on the upper surface of
dag coiksuppartng gtanen8S: AnNd S are attached a first hall element
94 showing a specific example of a first position detector,
a second hall element 95 showing a specific example of a
second position detector, and a thermistocr 96 showing a
specific example of a temperature detector. The first hall
element 94 detects the position of the correcting lens 15 in
the first direction X, by means of the first moving frame 51.
Also, the second hall element 95 detects the position of the
correcting lens 15 in the second direction Y, by means of
the second moving frame 52. The first hall element 94 is
provided at one side of the cylindrical coil 91, and the
secend hall element 95 is provided at the other side of the
cylindrical coil 91,

At predetermined positions the first hall element 94 and
second hall element 95 detect the strength of the magnetic
force of the lower magnet 67b, and then output detection

signals 1in accordance with the strength of the magnetic

force. Based upon the detection signals from the two hall
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positioned by the two position-deciding projections 85a and 85a. Then,
the coil supporting member 86 is fixed on the coil supporting stand 85 by
a fastening mechanism such as adhesive. Next, the second moving
frame 52 faces the moving frame supporting portion 53a of the fixed base

@P@lﬁ% g § g rogy a%%vc?’ %‘,d tlgxe %Q%ﬁn gLH%qqgs ggfﬂ%%%% Ofttg.g position

fourth main bearing portion 82 are positioned between the two bearing

Precese/ 9a-and £20 of thethird maip begring padion 73, And, the,third syb 4 o

bearing portion 76 is positioned betwéeen the two bearing pieces 83a and

83b afthe fourth sub bearing. poxtiqn,83..3Juhseduently. the segend,main ;v or

guide shaft 77 is made to penetrate the bearing holes of the four bearing

Ppipces 78, £ah.3aa and.82, ofdhe thirdimaindearing postifa@ife in the

fourth main bearing portion 82. On this occasion, the second main guide

shaft7i7tis pressedintathe fousthhmain beasingportion.824e be dixgd, Bt apove,

is made slidable regarding the third main bearing portion 75. Further, the

iserprd sub gride shaft J9ts srade tos penefratethesbearing,holespftheon  to
two bearing pieces 83a 51 and 83b of the fourth sub bearing portion 83

angiihe bearning igrogwe 78 ofithedhird sub-bearing pattior 76. Onthis-ation or
occasion, the second sub guide shaft 79 is pressed into the fourth sub

bearing portion 83 to be fixed, but is made slidable regarding the third sub
bearing portion 76. Thus,

The image stabilizer & with the above-mentioned
structure is, for example, assembled as follows. First, as
shown 1in FIGS. 20 to 22, the flat coil 88 is fixed to one
surface of the c¢oil supporting member 86, and the
cylindrical coil 91 is fixed to the opposite surface to
which the flexible printed circuit board 87 is connected.
Thus, the coil assembly body 93 in which the cecil supporting
member 686 and the two coiis 88 and 91 are Jjoined 1is
constructed,.

The lower pilece 66b of the yoke 66 is inserted into the
hole of the cylindrical cocil 91 of this coil assembly body
93 from the lateral direction, and the lower magnet 67b
fixed tc the inner surface of the lower piece 66b is opposed
to the thrust-generating portion 92 of the cylindrical ceil
91. At the same time, the upper magnet 67a is opposed to the

upper surface of the flat coil 88. Thus, the thrust-

generating porticns 8%a and 8% of the flat coil 88 and the
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the second moving frame 52 can move with respect to the fixed base
board 53 by a predetermined distance in the second direction Y, namely,
can move by the length obtained by subtracting the distance between the
outer surfaces of the two bearing pieces 82a and 82b of the fourth main

tbﬁaaring _portion 8% from the %stanc lzt)etw en the inner _surfaces of the
1o beanig pieces.75a And 756 bf e thfd fiain bbarhg porion 75, ~ o1 *7°

ek th@é%&%@%ﬁed@@éﬁo%éﬂﬁagf the.frstynoying frame dlfacgsthe ., g7y,

second moving frame 52 from above, and the two bearing pieces 61a and

&1b.0tthe firstmain bearing portionbl.ate positigned between the wWawy . ;3

bearing pieces 71a and 71b of the second main bearing portion 71. Then,

dhe, fisst-subbearing. portign 62 is positioned betyyeen the twg, bearing: 1 unteg

pieces 72a and 72b of the second sub bearing portion 72. Subsequently,

dhe first main guide shaft-€3 issmade to. pepetraig thedgaringiholes aktheany 1 s

four bearing pieces 61a, 61b, 71a and 71b of the first main bearing

{POstian: 61 and rsecond mai bearing-ROtIon 44 dnihisaccasion; thesfirsba  and

main guide shaft 63 is pressed into the first main bearing 52 portion 61 to
bedixed s made slidable regarding they secentkmaindeadNgrREan on the

71. Further, the first sub guide shaft 65 is made to penetrate the bearing

boles of the twa bearing-piaeessfRarandar 2b 0f theysecongdstbheasing such  as
portion 72 and the bearing

adhesive.

Next, the second moving frame 52 faces the moving frame
supporting portion 53a of the fixed base beoard 53 from above,
and the two bearing pieces 82a and 82b of the fourth main
bearing portion 82 are positicned between the twoe bearing
pieces 75a and 75b of the third main bearing portion 75. And
the third sub bearing portion 76 is pesiticned between the
two bearing pieces 83a and 83b of the fourth sub bearing
porticn 83. Subseguently, the second main guide shaft 77 is
made to penetrate the bearing holes of the four bearing
pieces 75a, 75b, 8Za and 82b of the third main bearing
portion 75 and fourth main bearing portion 82. On this
cccasion, the second main guide shaft 77 is pressed into the
fourth main bearing porticn 82 to be fixed, but is made
slidable regarding the third main bearing portiocn 75.

Further, the second sub guide shaft 79 is made to

penetrate the bearing holes of the two bearing pieces 83a
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groove 64 of the first sub bearing portion 62. On this occasion, the first
sub guide shaft 65 is pressed into the second sub bearing portion 72 to
be fixed, but is made slidable regarding the first sub bearing portion 62.
Thus, the first moving frame 51 can move with respect to the second

. i . ) . first di ion X .
ﬁ%V"’E?% gag@ %Qy &g ?eﬁng%f?%]bet%?%é%ﬁgéesggtr 1 IJIES % ed%?%] The bearing

namely, can move by the tracting t Istance

ehugen the owter surfaces of, ihe typ bearing;pieces 6la,and 61p of the, 1y ; 4

irst main bearing portion 61 from the distance bétween the inner surfaces

Sk Ahe fwn bearing piecesy 1a and.{1hf the seconthmain Beand.y jnto the
portion 71. Next, the yoke 66 to which the two magnets 67aand 67b are

ﬁéﬁ@&aﬂéﬁ%‘?dﬂ%fﬁﬂ%ﬂ pRvipg frame 1. Regarding; thisinstallation; 5 pade
of the yoke 66, the yoke 66 may be attached to the first moving frame 51

i advance, betose dbgdirstmoving rame 3] is alfached 9Jhe 8660RG . Thus,
moving frame 52. Subsequently, the coil supporting stand 85 to which

the col assemblybedy P3 is-atiached is aitachedde the eail fixedportiontc  the
53b of the fixed base board 53. On 53 this occasion, the cylindrical coil 91

1S fitéed fromsthe Yateral directian, and therlower piageibb ofitherygkeb6:n the
and the lower magnet 67b are inserted into the hole thereof. Then the coil

supporing stanck8%is fixedrarthka {ixed-basemboardha, tisinga:fasteningtained
mechanism such as adhesive. By

by subtracting the distance between the outer surfaces of
the two bearing pleces 8Za and 82b c¢f the fourth main
bearing portion 82 from the distance between the inner
surfaces of the two bearing pieces 75a and 75b of the third
main bearing portion 75.

Next, the lens fixed portion 5la of the first moving
frame 51 faces the second moving frame 52 from above, and
the two bearing pieces 6la and 61b of the first main bearing
portion 61 are positioned between the twc bearing pileces 7la
and 71b of the second main bearing portion 71. Then, the
first sub bearing portion %2 is positioned between the two
bearing pieces 72a and 72b of the second sub bearing portion
72. Subsequently, the first main guide shaft 63 is made to
penetrate the bearing holes of the four bearing pieces 6la,
6le, 7la and 71lb of the first main bearing portion 61 and

second main bearing portion 71. On this occasion, the first

main guide shaft 63 is pressed into the first main bearing
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doing so, the assembly of the image stabilizer 5 is completed, and the
image stabilizer 5 with a structure shown in FIGS. 13 to 17 is obtained.
The functions of the image stabilizer 5 with the above- described structure
are as follows. The movement of the correcting lens 15 of this image

cSiabilzer 54p perfoned; by seleclively oL sipulianeousty suphing g, o g he

n m
riving current of an appropriate value to the flat co and the

chggg@c%é:gﬂ 9&6%‘5.{?% gl%cér]}%%trgag}r 54 via the flexible printed circuit

board 87. The flat coi and the cylindrical coil 91 of this image stabilizer

5 arefixedsta the coil supporfing stang, 85fg9>iagean§hqiétee CgH supportipng,. o

member 86, and further, are fixed to the fixed base board 53 by means of

ﬂ@ﬁ&@ﬂa%w@ﬂ'@g 1§Eaé}g1%% %@&%G%@Si%éh%%u%ggg%@nq)i@c@S 72a

portions 89a and 89b of the flat coil 88 are extended in the second

Hirection Y, andihe thrdstgengrating portion 92-0f: the,cylinddedl colOlpearing

is extended in the first direction X. Also, since the two magnets 67a and

Hihfixed g batly endse of the yoke:66 argquevided ahoveiand below bol  this

the coils 54 88 and 91, the magnetic flux of a magnetic circuit formed by

dhe yoke 6 apddhe twe magnetshyadandseibracts n such gr-faiier asto the
to vertically pass through the thrust-generating portions 89a and 89b of

%BlﬁﬂﬁHCOHi&B ane the yustgenesating portien 92:0f thexaydindrisakcoil s made
siédabl@ regarding the first sub bearing portion 62. Thus,
the first moving frame 51 can move with respect to the
second mcoving frame 52 by a predetermined distance in the
first direction X, namely, can move by the length obtained
by subtracting the distance between the outer surfaces of
the two bearing pieces 6la and 61b of the first main bearing
portion 61 from the distance between the inner surfaces of
the two bearing pieces 7la and 7ib of the second main
bearing pcrtion 71.

Next, the yoke 66 to which the two magnets 67a and 67b
are fixed 1s attached to the first moving frame 51.
Regarding this installation of the yoke 66, the yoke 66 may
be attached to the first moving frame 51 in advance, before
the first moving frame 51 is attached to the second moving
frame 52. Subsequently, the coil supporting stand 83 to

which the ccil assembly body 93 is attached is attached to

the coil fixed portion 53b of the fixed base board 53. Cn
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Meanwhile, the yoke 66 and the two magnets 67a and 67b are fixed to
the first moving frame 51 holding the correcting lens 15. The correcting
lens 15 is supported by the first guide, which has the first moving frame
51, in a movable manner in the first direction X with respect to the

' F ing,lens, 15.i ted
%?ggsg%o@ncgé’ggl%gﬁ‘wﬁg%h Eg%&]@%{d@fc%oﬂegbrﬁ ety 1oils SHPPPES ?¥om the

e second moving frame 52, in a movable

Jmangerin the second diregtion Y jith z.@ﬁ»@%ct&gqgkeefixggﬁaé%h bqard S3ore 66

Therefore, with the action of the first guide and second guide, the

£odrecting 1ens 154s freely nagyable both inthe fipst diregtion. X andh ¢ thereor.

second direction Y within a predetermined range. If an electric current is

applied e theflat coil - Prepent dhe elestriccurrent flows inthe £y eg base

second direction Y at the thrust-generating portions 89a and 89b because

he rhrust-gengraing portigns S9arand.Aoh-areiextendeddin ke seeeRdve. ny

direction Y. On this occasion, since the magnetic flux of the magnetic

£y cdt actsdn the wp-angdsdewp 1direction vertical todhgdhrust-generating =  is
portions 89a and 89D, force directed in the first direction X acts on the 55

daagnets 67a angb Ahand heyyoke 66 accardingdoHeming'ssteft;hande shown
rule. Thus, the first moving frame 51, to which the yoke 66 and the like

afe fixed,.moves i the first direetiereX. As a result, the correcting lens 15
held by the first moving frame 51 moves in the first direction X, guided

The functions of the image stabilizer 5 with the above-
described structure are as follows. The movement of the
correcting lens 15 of this image stabilizer 5 is performed
by selectively or simultaneocusly supplyving a driving current
cf an appropriate wvalue to the flat coil 88 and the
cylindrical coil 91 of the electric actuator 54 wvia the
flexible printed circuit board 87.

The flat coil 88 and the cylindrical coil 91 of this
image stabilizer 5 are fixed to the coil supporting stand 85
by means of the coil supporting member 86, and further, are
fixed to the fixed base board 53 by means of the coil
supporting stand 85. On this occasion, the thrust-generating
portions 8% and 89 of the flat coil 88 are extended in the
second direction Y, and the thrust-generating portion 92 of
the cylindrical coil 91 is extended in the first direction X.

Also, since the two magnets 67a and 67b fixed to both ends

of the yoke 66 are provided above and below both the coils
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by the first guide, in accordance with the magnitude of the electric current
applied to the flat coil 88. On the other hand, if an electric current is
applied to the cylindrical coil 91, the electric current flows in the first
direction X at the thrust-generating portion 92 because the

dhrust-gegeratin eo%tg%ﬂn%%is?%@age%w tgem%fg%%%%iog-x- QOIS med by

11C%%t
occasion, since the magnetic flux of the magneti cuit acts In the

&péaggggwa@irgﬁt&ontMgrti‘e_a'otora@%a@%t-%ﬂaeraat'vﬂ& PRsION.92, force o .op 4

directed in the second direction Y acts on the magnets 67a and 67b and

{he yoke 66 a%@fdi@&&%@ﬁig?g'ggegghamg&l%ﬁ hug,ethesecond oo e rating

moving frame 52 moves in the second direction Y by means of the first

pBeving framedsl tg.ywhichdghe yoke 60 and the likg are fxed Ag aresulty s -

the correcting lens 15 moves in the second direction Y, with the first

duoving frame Ri-and seeondmoving frame 52.quidad by the second
guide, in accordance with the magnitude of the electric current applied to

the cylingrigaliqail 91 Adsoy i ielectric currentsaresiipuliagnaously appliedng 67p
to the flat coil 88 and the cylindrical coil 91, the movement 56 by the flat

£od 88anektne movement by the gylindrisal eoil 9%k heth of whichthaveing  the
been mentioned above, are performed in a combined manner.

Speciicallydthe eareating lensd Scmoves i the firstrdirection X dueddorted by
the action of the electric current which flows through the flat coil 88, and

the first guide, which has the first moving frame 51, in a
movable manner in the first direction X with respect to the
second moving frame 5Z. Further, the correcting lens 15 is
supported by the second guide, which has the second moving
frame 52, in a movable manner in the second direction Y with
respect to the fixed base beoard 3. Therefore, with the
action of the first guide and second guide, the correcting
lens 15 1s freely movable beth in the first direction X and
second direction Y within a predetermined range.

If an electric current is applied to the flat coil 88 at
present, the electric current flows in the second direction
Y at the thrust-generating porticons 8%a and 89%b because the
thrust-generating portions 8% and 89 are extended in the
second direction Y. On this occasion, since the magnetic
flux of the magnetic circuit acts in the up-and-down

direction vertical to the thrust-generating portions 8% and

89b, force directed in the first direction X acts on the
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at the same time, the correcting lens 15 moves in the second direction Y
due to the action of the electric current which flows through the cylindrical
coil 91. As a result, the correcting lens 15 moves in a diagonal direction,
thereby stabilizing images of the lens system 2. FIG. 23 shows another

hadimentof e bevasdesciibed eleqa aqtualgr. 64,1 lis SleCHiS iy

9315’
actuator 54A, a coil assem 3 is assem

ﬁé@gﬂagn%ﬂdrﬁﬁgs)mpiﬂ nts are, im&'ﬁ,ﬁ5%th%%%l{g§§yég§%ﬁ%-d%ﬁcﬂb@% which

embodiment. In this embodiment, the coil assembly Is” aftached

{9 & fixed basghoard 53, with the Jengthyise cdirection (directionin which ¢, o

a thrust-generating portion extends) of a flat coil 88 being directed in the

dirstedireetion X. Ad 3, yoke 66 to which magnets67aand b pee fixed 1o e

is attached to a first moving frame 51 such that the lehgthwise direction of

the yoke:861(the magnetsHraand87h ascwell) eoprespendswithdhe x| guided
lengthwise direction of the flat coil 88. Therefore, a thrust-generating

wertianof@ eylindsicabisoil 9% isexiended indhe seeond diregligh M ude of the
perpendicular to the first direction X. 57 In the case of this embodiment,

avhen-an elestrigeurrentoisiapplieddothe flaticail 83, the farce with which

a second moving frame 52 moves in the second direction Y is generated.

Also, hetran elestsic cugent isiapplied & thet eylindggaleaildli thespplied to

force with which the first moving
the cylindrical coil 91, the electric current flows in the
first direction ¥ at the thrust-generating portion 92
because the thrust-generating portion %2 is extended in the
first direction ¥. On this cccasion, since the magnetic flux
of the magnetic circuit acts in the up-and-down direction
vertical to the thrust-generating porticn 92, force directed
in the second direction Y acts on the magnets 67a and 67b
and the yoke 66 according to Fleming’s left-hand rule. Thus,
the second moving frame 52 moves in the second direction Y
by means of the first moving frame 51 to which the yoke 66
and the like are fixed. As a result, the correcting lens 15
moves in the second direction Y, with the first moving frame
51 and second moving frame 52 guided by the second guide, in
accordance with the magnitude of +the electric current
applied to the cylindrical coil 91.

Also, if electric currents are simultaneously applied to

the flat coil 88 and the cylindrical coil 91, the movement
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frame 51 moves in the first direction X is generated. FIGS. 24 and 25
show another embodiment of the above- described coil assembly body 93.
A coil assembly body 181 shown in this embodiment uses a first flat coll
182 as a coil constituting part of a first driver, and similarly uses a

second flat.caoil 183, as a coil constituting part of a second driver. The first ,
T G018 R Torined of o St ROl BBohs 1824 dRd 165br a7 a1 co0i1

isposed side by side. . and these two coil portions 182a and 182b are
g%ﬁalglr?%ﬁzeogn éﬁLgphe.rkﬁg,esi?%ﬁgﬁy t%eﬁ%g HaEESil 8%3 Re fifg® performed

embodi %@jtiwedpart where the ocog‘por' ns 182a and 182b are
%g}ager(lgt%to each other in their w%\évﬁv%f“sel |FE§(L:OtL|3ﬁ (t%eefirgtotffeec?i%ﬁ% isl ens 1>

Adbrust-generating pottion 187, The §8d€°”>‘3 flaf coil 183 %Sfth%é%@gn of the

structure as the first flat coil 182, includes two coil portions 183a and

4830-and has, a thrist-genergting portion 138, These qwo dlat LCOié%ﬁzda 8, and

and 183 are disposed such that their thrust- generating portions 187 an

488 nfersect each gther @t sight angles; apd the,coikassembly body 181 . ..ong

is constructed by the first flat coil 182 being fixed to one surface of a 58

Hexible-printed cicuit board 184 swhich servesasa ek SUPRRMIAG r rent which
member, and the second flat coil 183 being fixed to the other surface

thereaf. Eurtheryin thisembediment; one magnet 186 is attaghed todhg1+, the
upper piece of a U-shaped yoke 185, thereby

correcting lens 15 moves 1in a diagonal directicn, thereby
stabilizing images of the lens system 2.

FIG. 23 shows another embodiment of the above-describkbed
electric actuator 54. 1In this electric actuator 54A, a coil
assembly body 93 is assembled in a different direction, and
its components are similar to theose in the above-described
embodiment. In this embodiment, the coil assembly body 93 is
attached to a fixed base board 53, with the Ilengthwise
direction (direction in which a thrust-generating portion
extends) of a flat coil 88 being directed in the first
direction X. And a yoke 66 to which magnets 67a and 67b are
fixed 1is attached to a first moving frame 51 such that the
lengthwise direction of the yoke 66 (the magnets 67a and 67b
as well) corresponds with the lengthwise direction of the
flat coil 88. Therefore, a thrust-generating portion of a
cylindrical coil 91 1is extended in the second direction Y

perpendicular to the first direction X.
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constructing a magnetic circuit. Regarding the magnet 186, its lengthwise
direction is set in a direction perpendicular to the thrust-generating portion
of the first flat coil 182 (the first direction X). The coil assembly body 181
with the above-described structure, similarly to the above described

embogim ts, makes it sible to secure large thrust- generatin ,
portion%, %%aedd:lt?dc’ne toogfoqrcﬁr}é ?heeﬁa%tocc(%)%@e Zaf’\r ?L%S%ﬁth??l eac'gcrlc current

Predgtetmined space, and thewhole,of, the device,can pe smallzaized. o o 4
i heé coil

Moreover, in the case of this embodiment, it is possible to make thé co

@éé%%‘@'yr@ﬂﬂy%&mf%%d%éb%mg‘ %_q{np@}tlléons\gggrt@e direction Y is

above-described coil assembly body 93 and thus the whole of the device

$oRbg made thin It should bepoted that a;coil assembly bady.pfan cq o tne

Image stabilizer according to an embodiment of the present invention

&anjhecanstructed:ay eombining two, eyindyicalr,coils fogethels InAhiss e moving
case, the two cylindrical coils are disposed such that their

thiust-generating ortons, dnteksest eagh other &t right angles apd:face
each other. And by applying the magnetic force of a magnet to both the

59 thrustgeneratingrporons 4k 6aMeER: His-pasaiie i apPPlYJRrUsH® above-
the side of the magnet and thus to move a correcting lens in a first

gireetiamand seeand:adirrationsy Alses as opposed te-the aboyedesciibeddy 181
first embodiment, a cylindrical coil can be fixed to the upper surface of a
€0dbwn in this embodiment uses a first flat coil 182 as a
coil constituting part of a first driver, and similarly uses
a second flat coil 183 as a coil constituting part of a
second driver. The first flat coil 182 is formed of two
elliptical coil porticns 182a and 182b disposed side by side,
and these two coll portions 18Za and 182b are equal in size
and shape. And, similarly to the flat coil 88 in the first
embodiment, the part where the two coil portions 182a and
182b are adjacent to each other in their widthwise direction
{the first direction X} 1s a thrust-generating portion 187.
The second flat coil 183 has the same structure as the
first flat coil 182, includes two coil portions 183a and
183b, and has a thrust-generating portion 188. These two
flat coils 182 and 183 are disposed such that their thrust-
generating portions 187 and 188 intersect each other at
right angles, and the coil assembly body 181 is constructed

by the first flat coil 182 being fixed to one surface of a
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supporting member 86, being used as a first coil, and a flat coil can be
fixed to the lower surface of a flexible printed circuit board 87, being used
as a second coil. The above-described embodiments employ what is
called a moving magnet method, in which the coil assembly body 93

rg\éi e élvﬁ%%/%%@évg ng}t g,i%l %%damg Iigf%jisf fixW d itghthe fixed base

: il
oard 53; t e 66 and the magnets 67a and 6/7b are fixed to the first™ “°*

ing : thr g at - applying electyi rents_t :
étgg\%%%g Sﬂg%:n%%g%%% 'ap%?}tgd ?g%egs?diyo??hg %/%?(Le ggg'gd(\’%éf mlz% n% S tixed

£H7aand 67k sp as toAnave the.corrgcting lens 15. However, an image

stabilizer according to an embodiment of the present invention can also

emplay,whatis callgd gnavingLollimethod, a3.PpRRedlo B@ 6 15 attached
above-mentioned moving magnet method, in which the yoke 66 and the

tpagnats 67a gpd.67bare fixedse the fixerlhasgbeard p3cand the;coil thereby

assembly body 93 is fixed to the first moving frame 51. It should be noted

dhatageardingdo whakigicalled acmevingimagnatynethofasshowndgnet 186,
those embodiments, the flexible printed circuit board 87 of the coil

iassembhbody £9 938 eanbedixed 40 aqredeieeminedlace; begause-the cular
coil assembly body 93 is fixed to the fixed base board 53. As a result,

{SINCEritiS N0 hecessary 1@ Seau e pospacefon allewing the stovement ebil 182
the flexible printed circuit board 87, a device can be small-sized. Further,

since ifism0t direction X). The coil assembly body 181 with the
above-described structure, similarly to the above described
embodiments, makes 1t possible to secure large thrust-
generating portions, in addition to storing the flat coils
182 and 183 within a predetermined space, and the whole of
the device can be small-sized. Moreover, in the case of this
embodiment, it 1s possible to make the coill assembly body
181 considerably thin in comparison with the above-described
coil assembly body 93 and thus the whole of the device can
be made thin,

It should be noted that a coil assembly body of an image
stabilizer according te an embodiment of the present
inventicon can be constructed by combining two cylindrical
coils together. In this case, the two cylindrical coills are
disposed such that theix thrust-generating portions

intersect each other at right angles and face each other.

And by applying the magnetic force of a magnet to both the
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necessary for the flexible printed circuit board 87 to move, increase in
resistance owing to flexural deformation of the flexible printed circuit
board 87 is not caused. Therefore, the load of the electric actuator 54
does not increase, the correcting lens 15 can surely be moved by small

drust.and, power consumption can be redyced by lowering glectrie, oo 3,1 ¢
currents gpp ied to the cdils 88 and 917 The Image stabifizer %%av?ng the

aggggg'd‘?ﬁ%%%etd pHUGIHTe ddfé‘”‘z‘st}"?”%ljlsea%&gﬁgﬁo thedensparel b pove &

own in FIGS. 1 to 11. The image stabilizer 5 Is Inserted into and

uled out of the apening 48, proyided in the lowsy, baprgl 18.01the batrelor s on .

body 3, from the lateral direction; and is attached to the lower barrel 18 in

A detachable, manner. Inthiscasethedmage stailizer p;according lo@nent, a

embodiment of the present invention is constructed as a unit to be one

devices and so canibe atached and.detached gasily, gpd swiffly.FRe or & coil
numeral 98 shown in FIG. 11 and other figures denotes a cover member

Which covers the ipage psfabilizand, Thisgoves menber98 isattachgd4o riat
the lower barrel 18 of the barrel body 3 in a detachable manner by a 61

dastening:meehanismsueh asHixed seraws Nexdeperation efitheilens printed
system 2 of the lens barrel 1 in which the image stabilizer 5 has been

dnstallgd-isnexplained, referring tosElG. d42. When-the-objective lens 7A of
the lens barrel 1 is aimed at an object, light from the

The above-described embodiments employ what is called a
moving magnet method, in which the coil assembly body 93
provided with the two coils 88, 91 and the like 1s fixed to
the fixed base board 53; the yoke 66 and the magnets 67a and
67b are fixed to the first moving frame 51; and thrust
generated by applying electric currents to the coils 88 and
81, is applied to the side of the yoke 66 and the magnets
67a and 67h so0 as to move the correcting lens 15. However,
an image stabilizer according to an embodiment of the
present invention can alsc employ what is called a moving
coil method, as opposed to the above-mentioned moving magnet
method, in which the yoke 66 and the magnets €67a and 6é7b are
fixed to the fixed base board 53, and the coil assembly body
83 is fixed to the first moving frame 51.

It should be noted that according to what is called a
moving magnet method as shown in those embodiments, the

flexible printed circuit board 87 of the coil assembly body

60



object goes along the first optical axis L1 and is input from the objective
lens 7A to the inside of the lens system 2. On this occasion, light passed
through the objective lens 7A is bent by 90 in the prism 7B, and after that,
moves toward the CCD 4 along the second optical axis L2. Specifically,

ight which_has been, reflected in the prism .7B_and which has passed )
oG (e sohORG for S C o IFE Pt S Tand ) Pagsed MR gprnhe 011

S -group lens 8, the third-group lens 9 and the. fourth-group lens.10,
%i%%@g%r?g%ﬁ%heé ge\:/’"(-‘i-snt%ljféir%sé)llgﬁa%%l%e%glo%ree%&ﬁs feegsgﬁf 5#1 th%EO' s a2

fifth-group lgpg 11, and pegseﬁé@fovgw&%ﬂéga'tfﬂtegé%qp@eey space for

forming an image corresponding to the object on the focal plane of th

£GB. 1y this,case, aLthe, time pf shooting, when camera shake. and s+ poard

vibration are not applied to the lens barrel 1, light from the object moves

dhrough gach centerportign af the, first-group todifth-group lensesalong ;o o«

the optical axis L (first optical axis L1 and second optical axis L2) as

$hewns Ry the:solid-hine of light 64\ apd sorandimagedsg formedialiagy o move,
predetermined position on the focal plane of the CCD 4, 62 and an

exeellentdmage cantherefore bgpbtajned;witheut, imagefluring-being o the
caused. On the other hand, at the time of shooting, when camera shake

o1 vibratien is-applied te-the:-lens bhawreld, light ifrom the ebjestis inputisrefore,
the first-group lens in a

the load of the electric actuator 54 does not increase, the
correcting lens 15 can surely be moved by small thrust, and
power consumption can be reduced by lowering electric
currents applied to the coils 88 and 91.

The image stabilizer 5 having the above-described
structure and functions is attached to the lens barrel 1, as
shown in FIGS. 1 to 11. The image stabilizer 5 is inserted
into and pulled out of the opening 48, provided in the lower
barrel 18 of the barrel body 3, from the lateral direction:
and is attached to the lower barrel 18 in a detachable
manner. In this case, the image stabilizer 5 according to an
embodiment of the present invention is constructed as a unit
to be one device, and s0 can be attached and detached easily
and swiftly. The numeral 98 shown in FIG. 11 and other
figures denotes a cover member which covers the image
stabilizer 5. This cover member 98 1is attached to the lower

barrel 18 of the barrel body 3 in a detachable manner by a
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inclined state as shown by the chain line of light 6B or shown by the
broken line of light 6C. At each of the first- group to fifth-group lenses, the
incident lights 6B, 6C pass through the lenses, deviating from the second
optical axis L2; however, it is possible to correct the camera shake or the
giakgtbé/ Tgvin tg é:ggrser%tirsl%l nsalsS Q¥]}? %{egete{gwéned amount in
dccordance with the camera shake or the ke This" makes it possible to

form an ipage al a predetermined pasifion on E:,hceefr%’c?' Rlang gLthe GEDy o v rel
4, and an dxcelient image can be obtained b)yellmlna ing image blurring.

camer %ﬁa&?' vibration af the ke, regarding this lens, barel 1is g a116q i3

detected by means of a blur detector. As this blur detector, a gyro sensor

£ambe ysed, f%@&‘?@'ﬁg“@@ @Yo sepsor ispstalled In %ﬁ?@@@ﬁ’gd!{ens 78

along with the lens barrel'1, and acceleration, angular velocity, angular

peceleratip andithe like whichact opdhe leps barrgh L caused byid-  from the

vibration, camera shake and the like of a photographér's hands are

Sietected. dnformatipn detegied by fhis gWosenser, sudhsasaccalemtion  input

and angular velocity, iS supplied to a control device, and the electric

achiaten 63 545is driven and contiplled,suchthatthe fistyroving frames system
51 is moved in the first direction X in response to a shake in the first

Hireatignyb, :andsthesecond meyng frame 83 is Hreveghingdhe see9rdtive lens
direction Y in response to a shake in the second direction Y, thus allowing

AN inggetmbe foymed° in the prism 7B, and after that, moves
toward the CCD 4 along the second cptical axis LZ.
Specifically, light which has been reflected in the prism 7B
and which has passed through the seccond lens 7C of the
first-group lens 7 passes through the second-group lens 8,
the third-grcup lens 9 and the fourth-group lens 10, passes
through the seventh lens 11A and the correcting lens 15 of
the fifth-group lens 11, and passes through the c¢ptical
filter 14, thereby forming an image corresponding to the
object on the focal plane of the CCD 4.

In this case, at the time of shooting, when camera shake
and vibration are not applied to the lens barrel 1, light
from the cobiect moves through each center portion of the
first-group to fifth-group lenses along the optical axis L
(first optical axis L1 and second optical axis LZ} as shown
by the so0lid line of light 6A, and sc an 1mage is formed at

a predetermined position on the focal plane of the CCD 4,
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at a predetermined position on the focal plane of the CCD 4. FIG. 26
shows a second embodiment of a lens barrel according to the present
invention, and its structure is substantially similar to the above-described
embodiment. Specifically, a lens barrel 1 includes a lens system 2, a

bagrelhody 329 imager 4,20 mage stabiizer pand the kG, JNEJens s hous
system 2 has five-group lenses in which a plurality of lenses are dispose

J%Qatgg %ﬂ%?@ﬂ%ﬁl}f‘& Ig Jhe batrel body 3 supports the lenses of this
en

s system 2 Ina fixed or movable manner. The imager 4 such as a

CCD gy, GMOS shawing a,specific example gl.animager 15 disposed 0f  camera

an optical axis L of the lens system 2 and is also fixed to the barrel body

Snd ke image siabllizer, is;attaghed ta.the bargl body.3 andalspe1 1, 1ight

stabilizes images of the lens system 2. As shown in FIG. 12, the lens

system 2@f thedensbarrel 1 is,genstryciedasa cellansiblelensg,including in  »

five group lenses 7 to 11 in which five lens groups are disposed on the

same; eplicakads &. Speciically, siilady 4o the -above-described 1:gnt 68 or
embodiment, regarding the collapsible lens 64 system of this collapsible

sensyithe optical axisdkehthe: lenssystemyRds bent intgag apgledf the first-
approximately 90 by the prism 7B. Accordingly, a first optical axis Ll is set

@hothe side of hafigt lons 7Athat is aniebjectiva lenst and ;i 8eCAKl, 6C pass
optical axis L2 is set on the side of the imager 4

through the lenses, deviating £from the second optical axis
L2; however, it is possible to cocrrect the camera shake or
the like by moving the correcting lens 15 by a predetermined
amount in accordance with the camera shake or the like. This
makes 1t possible to form an image at a predetermined
position on the focal plane of the CCD 4, and an excellent
image can be obtained by eliminating image blurring.

Camera shake, vibration or the like regarding this lens
barrel 1 is detected by means of a blur detector. As this
blur detector, a gyro sensor can be used, for example. This
gyro sensor 1is installed in a camera body along with the
lens barrel 1, and acceleration, angular velocity, angular
acceleration and the like which act on the lens barrel 1
caused by a vibration, camera shake and the like of a
photographer’s hands are detected. Information detected by

this gyro sensor, such as acceleration and angular velocity,

is supplied to a control device, and the electric actuator
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(image focusing side) that is in a direction perpendicular to the first optical
axis LI (in a direction which intersects the first optical axis LI at an angle
of 90). As shown in FIGS. 26 to 29 and other figures, since the structure
of the five group lenses 7 to 11 forming the lens system 2 is similar to the

bove-deseribed s embadiment, duplicate SXANANS MEIEONAIR 1y £y e

omitted. Similarly, the structure of the lens barrel 3 holding this lens

SYStEM g5 SiMilay tpjfhe @9%%%%?@’@&%’099@3”%QQgc%’sel to a shake

explanations thereof are omitted as well. Regarding the lens barrel 1

apcerding-to this sgeond: embodiment thedmage stabilizer 3 5. greafly e 52 1

different from that of the above-described lens barrel 1. The image

wighilizel » acqardingLo-his gecand embodiment is greally. diffegentfrafa e in

the image stabilizer 5 according to the above-described embodiment, in

that the gsive systear-efithe image-stabilizerR,inthe sgcandgmbediment £ rmed
is constructed as a coil moving system, whereas the drive system of the

dmagestabiizers,intbg ahovetdeseribed embodipant isicenrsteietedasacn 4,

magnet moving system. Here, the magnet 65 moving system is a system

in whighca maghetsneves in cambinationawitya cergeting fens 15; end abarrel
coil is fixed. On the other hand, the coil moving system is a system in

avhielr aicoil moyestinccombinedion with acofresting lens 15, tandsx ructure is
magnet is fixed.

substantially similar to the above-described embodiment.
Specifically, a lens barrel 1 includes a lens system 2, a
barrel body 3, an imager 4, an image stabilizer 5 and the
like. The lens system 2 has five-group lenses in which a
plurality of lenses are disposed on the same optical axis L.
The barrel body 3 supports the lenses of this lens system 2
in a fixed or movable manner. The imager 4 such as a CCD or
CMOS showing a specific example of an imager 1s disposed on
an optical axis L of the lens system 2 and is also fixed to
the barrel body 3. The image stabilizer 5 is attached to the
barrel bedy 3 and also stabilizes images of the lens system
2.

As shown in FIG. 12, the lens system 2 of the lens
barrel 1 is constructed as a collapsible lens including five
group lenses 7 to 11 in which five lens groups are disposed
on the same optical axis L. Specifically, similarly to the

above-described embodiment, regarding the collapsible lens
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As shown in FIGS. 30 to 42 and other figures, on the outer peripheral
edge of a correcting lens 15, a stepped portion 15a which is extended in
a circumferential direction is provided on one side. Further, two-surface
width portions 15b and 15b are formed on the outer peripheral edge of

the , correcting lens 15 by. providing a recess in two pasitions .
e LS P e (M RIS, iambaa b £ oo

J{iéﬁsm%‘ﬁjg%@”be 9% Rhefy SH‘EQ@“QJ"B‘Q&%%%i“&%‘dS?ssb%téti gﬁ%‘@&fﬁ? 90° by

ens fixéd portion 51a into which the correcting lens 15 ed; a coi

fixed pprtign 51 which s formed, continyously tg.ene.side af fhis{ans; o gor on

fixed portion 51a, being folded into the form of a crank and to which a coil

@assemblybody 93 is fixed; and the like, Thellens fixed portion.dlabasa, s ang

shape corresponding to the shape of the correcting lens 15, and has a

ditting-holg 58 natowhich the cotregtingslens 43 is fitted; Aystepped PRMiIORs ger 4

which engages with the stepped portion 15a of the correcting lens 15 is

pravided onthe pedpheraladgeof theifiting-hole 58 0fthe lens fixedendicular

portion 51a. Further, the lens fixed 66 portion 51a has two-surface width

portionsolcandblc eprespanding: tastheftwo-suiface widty PeeioNsckdb which
of the correcting lens 15. And the yoke fixed portion 51b is continuous
withethedens fixed pektion:Slaat baeiside: ins the digection (insf tiregion Xy ) .

perpendicular to the

As shown in FIGS. 26 to 29 and other figures, since the
structure of the five group lenses 7 to 11 forming the lens
system 2 is similar to the above-described first embodiment,
duplicate explanations therecf are omitted. Similarly, the
structure ¢f the lens barrel 3 holding this lens system 2 is
similar to the above-described embodiment, and S0
explanations therecf are omitted as well.

Regarding the lens barrel 1 according to this second
embodiment, the image stabilizer 5 is greatly different from
that of the above-described lens barrel 1. The image
stabilizer 5 according to this second embodiment is greatly
different from the image stabilizer 5 accerding to the
above-described embodiment, in that the drive system of the
image stabilizer 5 in the szecond embodiment is constructed
as a coil moving system, whereas the drive system of the
image stabilizer 5 in the above-described embodiment is

constructed as a magnet moving system. Here, the magnet
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direction (second direction Y) in which the two-surface width portions 51c

and 51c are opposed to each other. On the outside of the two-surface

width portions 51c and 51c of the lens fixed portion Sla are provided a

first main bearing portion 61 and first sub bearing portion 62. The first

main bearin Spcortion 61 has two bgaring ieces 6.1ahand 61b (%rov'ded :
moyirn el 13 A  systeém - 1in . whlc a .. net. ves in
With & %recf ermined amount ofyspace in"between 'in the first direc |onn5?,

ft 6 trates both the bearing pi 1 .
gﬁﬂbaiﬂ@cﬁ‘ﬁaﬂ” Q%ﬂﬁ SQ%O%QF%%G@G%’RS E‘dﬁe, (apdd REET I s fixed.

61b in the first direction t main gui shat 0

Hoth, hearing pieces la and, 61b with, pressyre, and hath ends thgfeg stem in

protrude from the bearing pieces 61a and 61b to'the “outside. The first Sub

PEANAY potiom 62,is provided with 3 nearing grooye 64 openda g ; 1ens 15,

lateral direction. A first sub guide shaft 65 engages with this bearing

grepve 64 inaslidable; magner. The coil assembly body 93 constituting
part of an electric actuator 54 that is a driver which moves the correcting

lens 154 thesfirst directianX andghe-second girgctiopntis integlallys, on the

attached to the coil fixed portion 67 51b of the first moving frame 51. As

shewn infelGSA0-and ddqthe ggil assemblyhody 93 indudeses, o stepped

magnetic plate 86 having a magnetic material in the form of a thin plate, a
Hatreaiblirst:9il).88 dixed o the-uppessuiface that is-anesutfaceof thisrection

magnetic plate 86, and a cylindrical

is provided on one side. Further, two-surface width portions
15k and 15b are formed on the outer peripheral edge of the
correcting lens 15 by providing a recess in two positions
correspoending to a diameter direction. This correcting lens
15 is fixed to a first moving frame 51.

The first moving frame 51 includes: a ring-shaped lens
fived portion 5la into which the correcting lens 15 1is
fitted; a coil fixed 9portion 51b  which is formed
continucusly to one side of this lens fixed portion 51la,
being folded into the form of a crank and to which a coil
assembly body 93 is fixed; and the like. The lens fixed
portion 5la has a shape corresponding to the shape of the
correcting lens 15, and has a fitting hole 58 into which the
correcting lens 15 4is fitted,. Bk stepped portion which
engages with the stepped porticn 15a of the correcting lens
15 is provided on the peripheral edge of the fitting hole 58

of the lens fixed portion 5ia. Further, the lens fixed
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coil (second coil) 91 fixed to the lower surface that is the other surface of
the magnetic plate 86. One end of a flexible printed circuit board 87 is

positioned between the magnetic plate 86 and the cylindrical coil 91. The
magnetic plate 86 is formed of a printed circuit board with predetermined

iing gigeuis prinfect on it upper and jower, surfaces, and s clegifigally, ., g,
onnécted to wiring circuits “of the flexible printéd circuit board 87. This

RAgNelic Dials, 86 bgs a funclion ol eipforcing e lexple printed it e ¢

Il .
nction of serving as a coll supporting mem‘ber whic

prevents the part that supportsithe ficst moving fra Qéérow%t&'%xhe_slb is

flat coil 88 levelly-wound is installed on the upper surface of this magnetic

blate 86, s being,elegtrcally conpecled 10,3 predefermined wirng,  sige in

pattern provided on the flexible printed circuit board 87. The flat coil 88 is

formedoftwoelliptical £oil portions,88a.and, 88k dispasedesidelyiside. ¢ ¢he

The two coil portions 88a and 88b are approximately equal in length in

theiewidthwise ditection, butdiffereptin length in theirslengthvise +yo-surface

direction. The 68 reason why the length of two coil portions 88a and 88b

areidifferent isassfollowss By enabling-a joipt-pisse 665 of a-yoke 610
be disposed on the outside of the short coil portion 88b, the area of the

git_coﬁﬁ&%tha;f@ia@rfm side is kepidarge-and thelactje aciuMer 51c and
IS
51c of the lens fixed portion 5la are provided a first main
bearing portion 61 and first sub bearing portion 62, The
first main bearing portiocn 61 has two bearing pileces 6la and
61b provided with a predetermined amcunt of space in between
in the first direction X, and a first main guide shaft 63
penetrates both the bearing pieces 6la and 61lb in the first
direction X. The first main guide shaft 63 is fixed to both
bearing pileces 6la and 61lb with pressure, and both ends
thereof protrude from the bearing pieces 6la and 6lb to the
outside. The first sub bearing portion 62 is provided with a
bearing groove 64 open to the lateral direction. A first sub
guide shaft 65 engages with this bearing groove 64 in a
slidable manner.

The coil assembly body 83 constituting part of an
electric actuator 54 that 1is a driver which moves the

correcting lens 15 in the first direction X and the second

direction Y is integrally attached to the ceoil fixed portion
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situated close to the correcting lens 15, and so the whole of the electric
actuator 54 can be small-sized. The two colil portions 88a and 88b are
formed by winding one coil wire. Also, the direction in which the coil wire
is wound is set such that, when the power is supplied, an electric current

is made to.flow in the same.direction at thrust-generating portion
tJ)a‘in}ctjzl 89 v%fkﬁ%h fe"'"]fdresr(\a%l sntha‘@'ﬁltgin tﬁgli‘éeng #Wiseilre%lgllg% §n %re%]f?g@_ 40 and

@PJaCQH%tO&?fP omhel i henidihwise diﬁ&?ﬂ%’&e%egﬁr%%%}@% {'f‘:‘;t‘g?i"ate 86

88, each of the coll portions 88a and 88b is fixed to the magnetic p

186,18 fasteping mechanismyhich is;adhegive, cwith thedengthwise ;... 4

direction of the two coil portions 88a and 88b being directed in the second

direction, ¥; The cylindrical coil 91 is-atfached fodhe lowersurface-ofthe .+ ;5

flexible printed circuit board 87 fixed to the lower surfacé of this magnetic

Hlate 86.and both ends,efthe, Lylingrical %s&l@clear% glectrigally connected; i ca1

to a predetermined wiring pattern provided on the flexible printed circuit

hoard 8Z-Asshowpiin FIGS. 49 a0d 41-and, otherfigures, the eylindsical s the

coil 91 is provided with a 69 rectangular space portion at its center so as

deheeoma a restangiar eylindrigalpedyias ayhole, andis fopmed gty of 2
the shape of an angular cylinder by being wound by a predetermined

AnsuUnt 50 as:orhaye a-predeterminedrthicknesssindbe dirgstien 0ba tween the
stack. Regarding this cylindrical coll

magnetic plate 86 and the cylindrical coil 91. The magnetic
plate 8¢ 1is formed of a printed circuit board with
predetermined wiring circuits printed on its upper and lower
surfaces, and 1is electrically connected to wiring circuits
of the flexible printed circuit board §87. This magnetic
plate 86 has a function of reinforcing the flexible printed
circuit board 87 and a function of serving as a coil
supporting member which prevents the part that supports the
first moving frame 51 from rattle.

The flat coil 88 levelly-wcund is installed on the upper
surface of this magnetic plate 86, thus being electrically
connected to a predetermined wiring pattern provided on the
flexible printed circuit board 87. The flat coil 88 is
formed of two elliptical coil portions 88a and 88b disposed
side by side. The two coil portions 88a and 88b are
approximately equal in length in their widthwise direction,

but different in length in their lengthwise direction. The
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91, a thrust-generating portion 92 is fixed to the flexible printed circuit
board 87 by a fastening mechanism which is adhesive, with the direction
in which its coil wire extends being directed in the first direction X. A lower
piece 66b of the yoke 66 and a lower magnet 67b integrally fixed thereto

are inserted in the space portion. at the center of the, cylindrical coil 91.
J:S%ason CXSS%}}%%, f%ﬁgq}) of .EZWO C%li Eé))é?éjy (?éa an:clzl Ag?gb are

own in ther figures, the'yo inclides an upper

cﬁ’ieffe%%@”‘lé"8‘@%@?58@?’ ich.are payal e'?”ﬁo%%oi@eﬂe@ee%& of a

other with a predetermined amount of space In between, and da joint piece

SceWhigh joins fhe upper,and Jower pigces 66a and 660, The jaint piece;, 45

6¢ is provided at one side of the upper and lower pieces 66a and 66b in

o langthwisgsgirection, thereby forming arecess 66d.1or jinsgding,partQfe, ¢ 5«

the yoke fixed portion 5Ib of the first moving frame 51, in the lateral

direetion ofthg dointpiecs, 66¢ -, The receas §6g.ofdhe yoke 66is.providad 54 i

for the purpose of bringing the coil assembly body 93 closer to the

soresting lens d9. and this,eecess-66d-enghles thaseleglric Actualer 34 whole
be further small-sized. 70 To the inner surfaces of the upper and lower

precesHba and6oh oftheyoke 6saredixeddlasmaonets 64a and 67b
having the shape of rectangles of approximately the same size as the

piecesHey a fastening meshanism syehkas agdhesive athesedwpmaghetsinding

67a and 67b vertically opposed

one colil wire. Also, the direction in which the coil wire is

wound 1is set such that, when the power 1is supplied, an

electric current is made to flow in the same direction at

thrust-generating portions 89%a and 8% which extend straight

in the lengthwise direction and are adjacent to each other
in their widthwise direction. Regarding this flat coil 88,

each of the cell portions H8a and 88b is fixed to the
magnetic plate 86 by a fastening mechanism which is adhesive,
with the lengthwise directicn of the two coil portions 88a
and 88b being directed in the second direction Y.

The cylindrical coil 91 is attached to the lower surface
of the flexible printed circuit board 87 fixed to the lower
surface of this magnetic plate 86, and both ends of the
cylindrical coil 91 are electrically connected to a
predetermined wiring pattern provided on the flexible

printed circuit board 87. As shown in FIGS. 40 and 41 and

other figures, the cylindrical coil 91 1s provided with a
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to each other and the yoke 66 constitute a magnetic circuit for the electric
actuator 54. Specifically, one magnetic circuit member including one yoke
66 and two magnets 67a and 67b serves as a magnetic circuit for a first

electric actuator 54A formed by the flat coil 88, and as a magnetic circuit

J8E@a5§58@‘3§'e%%§% %%%foé%‘e‘l%th@e%@?”%%' L9, pecome a

Further,”projecte s 69a and 69b which project in the direction in

~hieh ine magnets 6 fa,and 6ybare extended are providgdon ends.of g into
the upper and lower pieces 66a and ~66b of the yoke 66. These projected

fstions, §8a and 69 are nrovided maiply: o e pUPOSSOf activelying by  a

deflecting the magnetic forcé of the magnets 67a and 67b toward the

ke £6: side, Spesificaliy, actively defleetingthg icdoreenfithen ckness

magnets 67a and 67b toward the yoke 66 side makes the magnetic field

ot the ends of the magnets:6 4 and 67r durther eayal toithedpagnetici cal coil

field at the centers thereof (uniformity of the magnetic field), and thus,

anterfgrepeeubetwesndhe firstirestion fnang:the seqangd-directionYeCam exible
be reduced regarding position detection. Also, two flat 71 surfaces of the

pragneis 64a andiG7bisieveloped incthe adiregior perpengicutasie eackhich is
other are brought in contact with or adjacent to the inner surfaces of the
Jiajested: potiions 60aandi63: These projectied portions 69aandi69 extends

can be shaped to be rectangles or squares as in this
being directed in the first direction X.

A lower piece 66b cf the yoke 66 and a lower magnet 67b
integrally fixed thereto are inserted in the space portion
at the center of the cylindrical coil 91. As shown in FIGS.
30, 42 and other figures, the vyoke 66 includes an upper
piece 66a and a lcwer plece 66b, which are parallel and
opposed to each other with a predetermined amcunt cof space
in between, and a Jjoint piece 66c, which joins the upper and
lower pieces 66a and 66b. The joint pilece 66c¢c i1s provided at
one side of the upper and lower pileces 66a and 66k in a
lengthwise direction, thereby forming a recess 66d for
inserting part of the yoke fixed portion 51lb of the first
moving frame 51, in the lateral direction of the joint piece
beC. The recess 66d of the vyoke 66 is provided for the
purpose of bringing the coil assembly body 93 closer to the
correcting lens 15, and this recess 66d enables the electric

actuator 54 to be further small-sized.
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embodiment, but may be formed into other shapes such as semicircles,
semiellipses and triangles, of course. Thus, when an electric current is
applied to the two coil portions 88a and 88b of the first electric actuator
54A, magnetic force produced by the magnets 67a and 67b acts in a

direction perpendicular to the flat coil 88, sq that force direcied in the first
direcgg)n X acts on the side of the rﬁ’agnetse,3 674 and 66}8%9008%%9 o oS b6a

a%%%@ss Igit-hapd ”&%ké'sgfaw'%?% a'%fl?éﬁicﬁ‘éﬂ?mﬁcgﬁ@ﬁ%d e na 67b

rical coil 91 of the second electric actuator 54B, magnetic force

Hy9dHeed ythe.magpets 67a.and 648 ACLS in,g ditection, PEIPEAICUIRRID 5 4o

the thrust-generating portion 92, so that force which directed in the
segond directign Y agts andhe gide of the magnets,87aa0difsbi sy such  as

according to Fleming's left- hand tule. The magnetic plate 86, the flexible

Auinted gircuit poard 87, fhe flateeit88 and thecylindrical,eoit 9. Whichopposed
have been mentioned earlier, constitute the coil assembly body 93. This

1G0il @ssemblyHeady-93; the xoke 68 angl the we Mmagnets6%aand 678 circuit

constitute the electric 72 actuator 54. The first electric actuator 54A is

opstiucted- of a cpmbination of e fiat coil 88Jaeludingthe fwo eQik nagnetic
portions 88a and 88b, the yoke 66, and the magnets 67a and 67b; and
dhe secenchelgedic actuaion b4B iscensisucied of aepmhbipatieriatthe ¢7a and

cylindrical coil 91, the yoke 66, and

67b serves as a magnetlic circuit for a first electric
actuator 544 formed by the flat coil 88, and as a magnetic
circuit for a second electric actuator 548 formed by the
cylindrical coil 91.

Further, projected portions 69%a and 69b which project in
the direction in which the magnets 67a and 67b are extended
are provided on ends of the upper and lower pieces 66a and
6eb of the yoke 66. These prociected portions 6%z and 6% are
provided mainly for the purpose of actively deflecting the
magnetic force of the magnets 67a and ©7b toward the yoke 66
side. Specifically, actively deflecting the magnetic force
of the magnets 67a and 67b toward the ycke 66 side makes the
magnetic field at the ends of the magnets 67a and 67b
further equal to the magnetic field at the centers thereof
(uniformity of the magnetic field), and thus, interference

between the first direction ¥ and the second direction Y c¢an

be reduced regarding position detection. Also, two flat
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the magnets 67a and 67b. Note that, the yoke 66 is fixed to a yoke fixed
portion 53b of a later-mentioned fixed base board 53 by a fastening
mechanism such as adhesive or fixed screws. As shown in FIGS. 29 and
30, a second moving frame 52 is formed of a flat board which is slightly

Jider than the first moving irame.51.ckne segond moying frams 3648 iy the

assembled facing the first moving frame 51 in such a manner as to fit

dhderit; Ahthe-nesiton of the,secgnd maving frame, 52 caespeRding 1Q. o n ¢ 2 ot
the fitting hole 58 of the first moving frame 51 is provided a through-hole

@‘%‘{h'%haéd%@@%%na@y “ﬂ%éarﬁ%{%@f»‘ a%tﬁef%@g hole. Onbe v oqected
upper surface of this second moving frame 52 is provided a second

peaingportionsfog suppasting the.first mevingdranae ddp@ sliabls ana 69b
manner in the first direction X. The second bearing portion includes: a

SgeoNgddnaish hparng portion: 71 whieh sypprarts the firsgmai guidesshaft,  this
63, fixed to the first moving frame 51, in a freely slidable manner; and a

Secend suhbeanng:-portion 78which:supportsn the fisstisub guidgeshaft 85cn  as
in a fixed manner. In the state 73 in which the first moving frame 51 has

beendittedlenio thensecondpaeving frame D2 ihesecond nain hearing
portion 71 is provided in such a position as to be able to support both
ends ovhihe, firsimaain guide: skhaft 63cSpecifically, thies segantimainto the two
bearing portion 71 includes two bearing pieces
cecil portions 88a and 88b of the first electric actuator 54A,
magnetic force produced by the magnets 67a and 67b acts in a
direction perpendicular to the flat ccil 88, so that force
directed in the first direction X acts on the side o¢of the
magnets 67a and 67b according to Fleming’s left-hand rule.
Also, when an electric current is applied to the cylindrical
coil 91 of the second electric actuator 54B, magnetic force
produced by the magnets 67a and 67b acts in a direction
perpendicular to the thrust-generating portion 92, so that
force which directed in the second direction Y acts on the
side of the magnets €7a and &7b according to Fleming’'s left-
hand rule.

The magnetic plate 86, the flexible printed circuit
board 87, the flat coil 88 and the c¢ylindrical coil 91,
which have been mentioned earlier, constitute the ceoil

assembly body 83. This coll assembly body 93, the vyoke 66

and the two magnets 67z and 67b constitute the electric
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71a and 71b which support both ends of the first main guide shaft 63, and
is provided on the upper surface of the second moving frame 52 in such a
manner as to protrude upward. The two bearing pieces 71a and 71b of the
second main bearing portion 71 are formed apart from each other by the

Slistange which is the fotal ofhe langtb of the,first main, begring porion L., .. g
in the |rsjfrd|rect|on and the Tength necessary for the first moving frame

> 19 moys inhe fitst diregtion XflT{ke %’8&%@'&'%%5};9%%%9}? AL o coin

are each provided with a bearing hole, an t main

Quide shaft 63 are inserted,in thase begring hiples ina shdable, MANDEr: 57, ang

Also, in the state in which the first moving frame 51 has been fitted onto

&he second moying drame; 52, e secand SUDNEANG POTIIAN 72,85+ ructed of

provided in a position corresponding to the first sub bearing portion 62.

as_p%'{ﬁl%@u])éﬁ*ﬂ%z%e‘épﬂ“d_ﬁ@ b@@IiQHcPPI@%@7%E‘£lLUd9§ IWQHT@?‘ jBGe 66, and
pieces 72a and 72b which support both ends of the first sub guide shaft

65 Thadwetbeasing pieceserga ang /20 ane.gachprevidedwithea beanngeqd to
hole, and both ends of the 74 first sub guide shaft 65 are fixed to those

Heagring:horas: with pressuse. Thisfirst suly guide-shaft65 is inserdedrinzad base

freely slidable manner in the bearing groove 64 provided in the first sub
ibearing portion 62 afibe dirstrpoving1framehl sThe firgs subiguideshalflr rixed

65 and first main guide
SCrews.

As shown in FIGS. 29 and 30, a second moving frame 52 is
formed of a flat board which is slightly wider than the
first moving frame 51. The second moving frame 52 1is
assembled facing the first moving frame 51 in such a manner
as to fit under it. At the position of the second moving
frame 52 corresponding to the fitting hole 58 of the first
moving frame 51 is provided a through-hole 68 which has
approximately the same size as the fitting hole. On the
upper surface of this second moving frame 52 is provided a
second bearing portion for supporting the first moving frame
51 in a slidable manner in the first direction X.

The second bearing portion includes: a second main
bearing portion 71 which supports the first main guide shaft
63, fixed to the first moving frame 31, in a freely slidable

manney; and a second subk bearing portion 72 which supports

the first sub guide shaft €5 in a fixed manner. In the state
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shaft 63 are set such that their shaft center lines become parallel to each
other, and the first moving frame 51 is movable in the first direction X,
guided by both guide shafts 63 and 65. On the lower surface of the
second moving frame 52 is provided a third bearing portion for supporting

{he spaqnd rmaving rame ps,in g slidable mannern the, second direetion.. . p,q

Y perpendicular to the first direction X. The third bearing portion includes

Sthird maip bearing potion /5 and fhird suf beaping 190'}5@31_7&% hethird o 71

main bearing portion 75, which is one end of the second moving frame 52

4 the first direction X, includes o hegringpieces, £5a gad 758 provided: porn

with a predetermined amount of space away from each other in the

Segenddirectign ¥ and isproyidedonthes joyer syrface ofthe-seqond 1y, the
moving frame 52 in such a manner as to protrude downward. The two

deadng pieces 7baantntpbpare-gach provided-with &sbeaiing heler 8pd pieces
both ends of a second main guide shaft 77 which is extended in the

segonRGhAirectHonr;Yiane inseraskn thosenbeating hotescina shidable main gquide
manner. 75 Also, the third sub bearing portion 76 is provided

approximately atithescenterakibea otheriend afdhe seeond sneving frame second
52 in the first direction X. This third sub bearing portion 76 is provided

wdthia eariaggraove 78 made i therlateraldirectioprAsecand subard.

guide shaft 79

The two bearing pieces 7la and 7lb of the second main
bearing portion 71 are formed apart from each other by the
distance which is the total of the length of the first main
bearing porticon 61 in the first direction X and the length
necessary for the first moving frame 51 to move in the first
direction ¥X. The twc bearing pieces 7la and 71lb are each
provided with a bearing hole, and both ends of the first
main guide shaft 63 are inserted in those bearing holes in a
slidable manner.

Also, in the state in which the first moving frame 51
has been fitted onto the second moving frame 52, the second
sub  bearing portion 72 is provided in a position
corresponding to  the first sub bearing portion 62.
Specifically, the second sub bearing portion 72 includes two
bearing pieces 72Z2a and 72b which support both ends of the

first sub guide shaft 65. The two bearing pieces 72a and 72b

are each provided with a bearing hole, and both ends of the
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extended in the second direction Y perpendicular to the first direction X
engages with this bearing groove 78 in a slidable manner. The second
main guide shaft 77 and second sub guide shaft 79 are fixed to the fixed
base board 53, respectively. The second moving frame 52 is assembled

f@l&lgg tglﬁglxé%z%%%e %?1 [ t53€£|% S%Crheat%]ann r Soto ’I:i 8%%‘ I, égrilags holes

shown in FIG 0 and other tigures, &fixed base board 53 inclu

2 mgving frame supparting rylgrk@%mabvv@ﬁ%g”sﬁa ds o t@%ﬁ%%%d ted in

moving frame 52 in size, a e fixed portion 53b provided integrally an

gorﬁmlyswag@iw%@glggm%ure&%rti%egrﬂqg S32-,80d thedike. o1 qeq

The moving frame supporting portion 53a of the fixed base board 53 is

fermed of & flat-hoard,whigh has appreximately the same sizgasthes: oving

second moving frame 52, and the yoke fixed portion 53b is continuous to

eperendsof thisrmeving. ramea sunpotting rRertien 53a in the firstdirection,, 4, 1de
X. At the position of the moving frame supporting portion 53a

serresparling-to the thraughrhele 68 afithe secondspoviag (frama $24s pecome
provided a through-hole 81 which has approximately the same size as the

gharesigholee. Afeurth, wibheariag@ortine, Whichssupperisthe seegnd 51 is
moving frame 52 in a slidable manner in the second direction Y by means

obthe second maireand subguide shafis d and 79gisiprevidesl, atipeth guide
ends of the upper surface of this moving frame supporting portion 53a in
$hhex first d@ctioniXes .

On the leower surface of the second moving frame 52 is
provided a third bearing portion for supporting the second
moving frame 52 in a slidable manner in the second direction
Y perpendicular to the first direction X. The third bearing
porticn includes a third main bearing portion 75 and third
sub bearing portion 76. The third main bearing portion 75,
which is one end of the second moving frame 52 in the first
direction X, includes two bearing pieces 75a and 75b
provided with a predetermined amount of space away from each
other in the second direction Y, and is provided on the
lower surface of the second moving frame 52 in such a manner
as to protrude downward. The two bearing pieces 75a and 75b
are each provided with a bearing hole, and both ends of a
second main guide shaft 77 which i1s extended in the second
direction Y are inserted in those bearing holes in a

slidable manner.
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The fourth bearing portion includes a fourth main bearing portion 82
disposed on one side in the first direction X, and a fourth sub bearing
portion 83 disposed on the other side in the first direction X. The fourth
main bearing portion 82 includes two bearing pieces 82a and 82b
proviggld with %ﬁgrta'% %@8“”& o{)sp%%e awa frong) 2 %g r(;)th I in the

o) ! in 15, rovided
second diréction Y, and’is provfded on the upper- surface of the movng

aflﬁﬁg}%%‘@%@f PQEtiOPh%3aJ@§%82%ao@a[E@%r asdg protuyde ugward, o cong

two bearing pieces 82a an are each provided with a bearing

e, apd dwgpositons; In the migdle of the;secopd maig guideshaft [y in.y - oy,

its axial direction are pressed into those bearing holes to be fixed. Thus,

hoth ends of the; second mainguide shaft 77 protiude. 1o theoutsideof 78 ade

the two bearing pieces 82a and 82b. The bearing holes of the two bearing

ieces, £5aand-7ah otthedhird main bearing podtion 7o providedn thea s+ 79
second moving frame 52 are fitted to the protruding portions at both ends

Of this segongdmainguide-shafti774n aslidable manper- Thedwobearing o  the

pieces 75a and 75b are apart from each other by the distance which is

the tatalof thetength »77hetwegen theitwo bealing piecesB2aangd820 78 in a

and the length necessary for the second moving frame 52 to move in the
Secand diregtiomX r Therefere sthedhind maim: begring: perion:75:0f thed second

second moving frame 52 is supported in a movable manner outside the
$wb bearing:pieces82arand=82b, fixed toc the fixed base board 53,
respectively. The second moving frame 52 is assembled facing
this fixed base board 53 in such a manner as to fit over it.
As shown in FIGS. 29, 30 and other figures, the fixed
base board 53 includes a moving frame supporting portion 53a
which corresponds to the second moving frame 52 in size, a
yoke fixed porticn 53b provided integrally and continuously
with this moving frame supporting portion 53a, and the like.
The moving frame supporting portion 53a of the fixed base
board 53 is formed of a flat board which has approximately
the same size as the second moving frame 52, and the voke
fixed portion 53b is continuocus to one end of this moving
frame supporting portion 53a in the first direction X. At
the position of the moving frame supperting portion 53a
corresponding to the through-hole 68 of the second moving

frame 52 is provided a through-hele 81 which  Thas

approximately the same size as the through-hole 68. A fourth
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with respect to the second main guide shaft 77 fixed to the fourth main
bearing portion 82 of the fixed base board 53. Also, the fourth sub bearing
portion 83 includes two bearing pieces 83a and 83b provided with a
certain amount of space away from each other in the second direction Y,

kg s, proyided on the ypper, surface of fhe [E‘%i”%é@é%%s%?&?{%’%gframe 52

portion 53a Iin such a manner as to protrude upward. The two beari

ime%sﬁﬁcﬁa&%%%%%%hﬂmé%d Wgt}@nt??agﬂge@c&lfoﬁnq(t Yy means of

second sub guide shaft 79 is pressed into those bearing holes an

Syopeeed yith.both ends ﬁé%%ingbﬁ§&éia£ﬁié%!'@nvBeWWB?S%M%mvmed
bearing pieces 83a and 83b, the bearing groove 78 of the third sub

dearing poriign 46 provided onthesecand.mawng frame-52 engagesny  frame
with the second sub guide shaft 79 in a slidable manner. Therefore, it is

Jassivie farthe third sub bearing perion: Y640 muve-by: apregetermined

distance in the second direction Y, guided by the second sub guide shaft

79 between #he #wp beasngtiecesB3a ane 83bntheyeke fixed pediehh  main
53b of the fixed base board 53 is formed of a roughly square flat part

el has apsupposting 628 pariopBdeprotivdingoipwargi aad the  the first
supporting portion 84 is disposed on one side in the second direction Y.

diheslowesrpigce 66k of theryaken66G isengaged-andhedd byrmeansielsposed on
this supporting portion 84. Thus, the yoke 66 is fixed to the fixed base

HoardE3avithshéapper andlowerpiecesi6oaction X. The fourth main
bearing portion 82 includes two bearing pileces 82a and 82b
provided with a certain amount of space away from each cther
in the second direction Y, and is provided on the upper
surface of the moving frame supporting portion 53a in such a
manner as to protrude upward. The two bearing pileces 82a and
82b are each provided with a bearing hole, and two positions
in the middle c¢f the second main guide shaft 77 in its axial
direction are pressed into those bearing holes to be fixed.
Thus, both ends of the second main guide shaft 77 protrude
to the ocutside of the two bearing pieces 82a and 82b.

The bearing holes of the two bearing pileces 75a and 75b
of the third main bearing portion 7% provided on the second
moving frame 52 are fitted to the protruding porticns at
both ends of this second main guide shaft 77 in a slidable
manner. The two bearing pieces 75a and 75b are apart from

each other by the distance which is the total of the length
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and 66b and the two magnets 67a and 67b opposing the direction of the
optical axis. In this case, the yoke 66 may be held by means of the
holding force of the supporting portion 84, or may be fastened and fixed
using a fastening mechanism such as fixed screws. Further, on the lower

face of the fixed base board 53 i ided an attachment b t
S3E 6 i i Brd G end A3, ARD, GoStionHG ik 7% Lenath

73B and 73C are pr%\gded in _the first and secogd movir]sg%:rafrhnes 51 and,
ake

B3C8REM the "fiked baSe 55ard'53, A poditions Whith mike e daRters o “©

the fitting hale 58 and thrqugh-hgles 68.,and 81 roximately equal when _ .
%56 first an sf:e%%% Or%ovi%g frachjeﬁseg?[f%ﬂrde& and the ﬁ?(lel& as%n%%%rd%earmg

gg’rr%aivgnbe?§ figed tpgether. Thes fP&Eﬁi “@9%&%‘935723% { 3§u?ﬁ”§?§§&%d in a

are provided to improve efficiency of an assembly process an e,

Ry-Rasitioning the first and.secong moying f@gg%si_égn?%@géixe#ga%d 82b,

board 53 in accordance with a predetermined positional relationship,

yhen the image stabilizer S.is hsing assembled.qtheirskmaimand suby o the

bearing portions 61 and 62 of the 79 first moving frame 51, the first main

204,5ub giide 58@@%1%3%%9&88‘1 ihe secandkmainand suh begrngy 3,

portions 71 and 72, which have been mentioned above, constitute a first
guideyvhigh guides the gceprgctingdensekaindhe first-dirggtiop X inciudes two

perpendicular to the second optical axis L2 of

bearing pieces 83a and 83b provided with a certain amount of
space away from each cther in the second direction ¥, and is
provided con the upper surface of the moving frame supporting
portion 53a in such a manner as to protrude upward. The two
bearing pieces 83a and 83b are each provided with a bearing
hole, and the second sub guicde shaft 7% 1is pressed into
those bearing holes and supported with both ends fixed in
its axial directicn. Between these two bearing pileces 83a
and 832b, the bearing groove 78 of the third sub bearing
porticn 76 provided on the second moving frame 52 engages
with the second sub guide shaft 79 in a slidable manner.
Therefore, 1t is possible for the third sub bearing portion
76 to move by a predetermined distance in the second
direction Y, guided by the second sub guide shaft 79 between
the two bearing pieces 83a and 83b.

The yoke fixed porticn 53b of the fixed base board 53 is

formed cf a roughly sqguare flat part which has a supporting
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the lens barrel 1 by means of the first moving frame 51. The third main
and sub bearing portions 75 and 76 of the second moving frame 52, the
second main and sub guide shafts 77 and 79, and the fourth main and
sub bearing portions 82 and 83 constitute a second guide which guides

the ,gorrgcté{}lg Ie@%t15 ig.the seconcji:girectio(g \@%erpendicular to the " 84
IRe6AE opticaFaxis T2 bt e [BREDatrel T°ARd 5150 perpendicaia? & He *on

jfi%Stﬂ%e%CS%M 8 ”é%"%‘%%@e fﬁc%%‘% r%"é’é”@:}%aré‘leﬁg%t’i%g‘???r'b‘%%@ lower
above, in this embodiment, one magnetic “Circuit member inc udlng one

%?g%eGG@@ig twe m@%“i}&i& apd 67p seives as,a m&%:‘%%ie&c'mg‘t feans of
ef circuit for Y _

rst electric actuator’54A and a magneti e secon

Sladiric, gatyator adB. Therefore, since thgreds ”%r?eeeg%%m%@ej% fixed to

magnetic circuit member for each driver, the number of components can

%ﬁ@eﬁy§@%ﬂﬁﬁgée%%%%&”E%WGWW%He@ﬁéh§§98§“%%%0%598r pieces 66a

small-sized. Further, as shown Iin FIGS. 37 to 41, to the lower surface of

dhe magnetic.plate 8¢ are @H@chﬁgﬁa@g@aﬂ giemenis P4 gnd 95 thatare, ;e

position detectors for detecting 80 osition of the correcting lens 15

asdegards-thefirst, dirggfion-Xand.the .Se%@dtq{@“e@ o ,an.glfﬁ!ﬁ yoke 66 may
temperature detector 96 that detects the temperature in the vicinity

glhereef) A thepmigtos 98, ferrexamplenar bg ysedhas the JEMpPeIAtUR prort ing
detector. This thermistor 96 detects the
portion 84, or may be fastened and fixed using a fastening
mechanism such as fixed screws. Further, on the lower
surface of the fixed base board 53 is provided an attachment
poss portion 53c for fixing this board to the lens barrel 3.
Also, positioning holes 73A, 73B and 73C are provided in
the first and second moving frames 51 and 52, and in the
fixed base board 53, at positions which make the centers of
the fitting hole 58 and through-holes 648 and 81
approximately equal when the first and second moving frames
51 and 52 and the fixed base board 53 have been fitted
together. These positioning holes 737, 73B and 73C are
provided to improve efficiency of an assembly process and
the like, by positioning the first and second moving frames‘
52 and the fixed base board 53 in accordance with a
predetermined positional relationship, when the image

stabilizer 5 is being assembled.

The first main and sub bearing portions 61 and 62 of the
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temperature in the vicinity of the coil assembly body 93 and, when the
temperature in the vicinity has risen to a predetermined value or above, a
temperature correction is performed in addition to stabilizing images
blurred by a hand shake, vibration or the like. The first hall element 94
howing a specific.example.of a first position detector detects the posjtion
e dBrGating IR LS in fhe P cifection X6y egRS ofthE feRoe hafts

oving, frame 51. Alsg, the second hall element 95 shawing a specific. .
o i e R T HaaE P eBlE e sons 71

correcgting lens 15 in the second direction Y eans of the secon ,
gestng ) GG By First
Mmoving frame 52. T%%Vﬁrst Rall efemerit 94 is disposed atcgﬁessﬁd%“o the 0

gyhindricalcoll 21, and ihe sqgond hall element 95 is. dispoged athe.giher ¢; ;¢

side of the cylindrical coil 91. In predetermined positions the first hall

Slement 94 and the. second hall element 95 defect the signgthof the s 5 12 o

magnetic force of the lower magnet 67b, and then output detection

Signajs insagcprdance with the siength ofifhe magnetig forees Basgte s1.  The

upon the detection signals from these two hall 81 elements 94 and 95, a

CRDtgl apparatuscalcuiates ther positionof thescorrecting lens 15 Thge second
image stabilizer 5 with the above-described structure can be assembled,

HeReXRMpleads fallows: First as-shown imFlGe: 40.andidldbedlaieold 77 and
88 is fixed to

79, and the fourth main and sub bearing portions 82 and 83
constitute a second guide which guides the correcting lens
15 in the second direction Y perpendicular to the second
optical axis L2 of the lens barrel 1 and also perpendicular
to the first direction X by means of the second moving frame
52.

As described above, 1in this embodiment, one magnetic
circuit member including one yoke 66 and two magnets 67a and
e7b serves as a magnetic circuit for the first electric
actuator 54A and a magnetic circuit for the second electric
actuator 54B. Therefore, since there is no need to provide a
magnetic circuit member for each driver, the number of
cempenents can be reduced to that extent, and the whole of
the apparatus can be small-sized.

FMarther, as shown in FIGS. 37 to 41, to the lower

surface of the magnetic plate 86 are attached: two hall

elements 94 and 95 that are pecsition detectors for detecting
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one surface of the magnetic plate 86, and the cylindrical coil 91 is fixed to
the opposite surface to which the flexible printed circuit board 87 is
connected. Thus, the coil assembly body 93 in which the magnetic plate
86, the flexible printed circuit board 87, the two flat coils 88 and the
cylindrical cqil 91 are joined is constrycted. Next, téwpg magnets 67a and

b & AtposRd And fixBd SR e insidé of S upper Preck 6B aTd he first

lower piece 66b of the yoke 66, respectively. The lower piece 66b of this
JOkE Bb- M the Hagel 675 513 HaerAHEAS TN ol of B! lndl o720

oil 91,0of thecoil assembly body 93 from the lateral direction. Th the ., . .
B L R e AR PR e S s cini ey

E*P{&%E%%”er‘?‘ﬂngc%%@iz?f 3, o e CV%’%‘%”C%&%%O%'%]@ and ffie Bhilsed as the

magnet 67a is made ™ to face the upper surface e‘flat"coll us,

the, thust-generating nartions 89a apd 89b,of the flat cqil 88, «%nda@%e ts the

thrust-generating portion 92 of the cylindrical coil 91 are held between the

H&Rﬁ%§Q@x‘;°ﬁ’e‘éeri'ﬂa%%t5xﬁi7@i%dc§7%f“\?}ﬁ%byc%%rh?“ﬁgié‘%ﬁﬁf'%é% 93 and,

actuator 54. The magnetic plate (flexible reinforcing plate) 86 of this

#leglic Se.actuaigrodds fixed to the qaildixed portign 93b githe fitste, o 4

moving frame 51. Next, the second moving frame 52 is disposed facing
Hhe deeving frame SHPPeHing poripn »3a ofhthe fixed base beard 33-eMi on 15

above, and the two bearing pieces 82a and 82b of the
performed in addition to stabilizing images bklurred by a
hand shake, vibration or the like.

The first hall element 94 showing a specific example of
a first position detector detects the position of the
correcting lens 15 in the first direction X by means of the
first moving frame 51. Also, tThe second hall element 65
showing a specific example of a second positicn detector
detects the position of the correcting lens 15 in the second
direction Y by means of the second moving frame 52. The
first hall element 94 1is disposed at one side of the
cylindrical coil 91, and the second hall element 95 is
dispesed at the other side of the cylindrical coil 91. In
predetermined positions the first hall element 94 and the
second hall element 95 detect the strength of the magnetic
force of the lower magnet 67b, and then output detection

signals in accordance with the strength of the magnetic

force. Based upon the detection signals from these two hall
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fourth main bearing portion 82 are positioned between the two bearing
pieces 75a and 75b of the third main bearing portion 75. And the third sub
bearing portion 76 is positioned between the two bearing pieces 83a and
83b of the fourth sub bearing portion 83. Subsequently, the second main

ide shaft %genetr%eégrou%h the bearing holes of the four bearin N
PldiE ea, 73b, 894 and 82b of thé Tl fhuin TEAFRG Hoftiof 7o o5 the
fourth main g%aré%% portion 82. On tlﬂ!g occf?%ion, the second main guide

RR&r 7798 préssed into the ?ouj’rthmalnnﬁearlng portion 82 to be fixed, but

is made slidable with respect to. the third.main bearing,portion_75. :
Furthaégrsﬁwe secord subssé%“l éis aft'79 |c(;l‘rénetr"§1%egsg thrgglg% thé }B%ﬁng escribed

bolss o the twg beging pieges 833 and, 830 of the ourth SUbLEAING

portion 83 an earing” groove ub bearing portion

Qn this gecasionpthessecppd sub gyide shaft 79 {s pressed intrthe . ¢1 o0y o
e

fourth sub bearing portion 83 to be fixed, but is made slidable with

Igspect o 4he thirdsubhearing partiop 784 Thus,dhe second maving, 1 : ngrical

frame 52 can move with respect to 83 the fixed base board 53 by a

predetegminedidistangeiin the segand gg‘;ﬁg%%é nameby, by thelength o ¢ne

obtained by subtracting the distance between the outer surfaces of the
e pegring pigeas 84a and 82b:0f thefourth main;bearing. PRRION 82rhys,  the

from the distance between the inner surfaces of

coil assembly body 93 in which the magnetic plate 86, the
flexible printed circuit board 87, the two flat coils 88 and
the cylindrical coil 91 are joined is constructed.

Next, the magnets 67a and 67b are disposed and fixed on
the inside of the upper piece 66a and lower piece 66b of the
yoke 66, respectively. The lower piece 66b of this yoke 66
and the magnet 67b are inserted into the hole of the
cylindrical coil 91 of the coil assembly body 93 from the
iateral directiocn. Then, the lower magnet 67b is made to
face the lower surface of the thrust-generating portion 92
of the cylindrical coil 91, and the upper magnet 67a is made
to face the upper surface of the flat coil 88. Thus, the
thrust-generating portions 8%a and 8% of the flat cocil 88
and the thrust-generating portion 92 of the cylindrical coil
91 are held between the upper and lower magnets 67a and 67b,

thereby constituting the electric actuator 54. The magnetic

plate (flexible reinforcing plate}; 86 of this electric
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the two bearing pieces 75a and 75b of the third main bearing portion 75.
Next, the lens fixed portion 51a of the first moving frame 51 is disposed
facing the second moving frame 52 from above, and the two bearing
pieces 61a and 61b of the first main bearing portion 61 are positioned

between the two . bearing pieces 71a and 71520 the second main bearing
BUEEIL, A 108 sk 508 bBgrin g orS s 1B Gud e eteqaect the
%{Lv%shgaggg pleces 723@31@3’! .72b of the second sub bearing portion 72.

u sequentjfr}(%he first main guide shaft 63 penetrates the bearing holes

of theﬁggk,becgﬂgg 9&6&8&&%@09}9g71ﬂ%99#% of;the first main, b%g&%g the

portion 61 and second main bearing portion n this occasion, the first

Hhgin guide shaft @%@%@%ﬁ into, .the fist main pearing.partion $1,40 b 1,4 g

fixed, but is made slidable with respect to the second main bearing

POTYan £l fruther, Ték‘?c}‘if%%ubc%dﬁégﬁﬁr@i vates;hrough ey, of the

bearing holes of the two bearing pieces 72a 72b of the second sub

fearing perdion 72 and;the bearing grooye 64, of the JikstsubRearing« yeen the
portion 62. On this occasion, the 84 first sub guide shaft 65 is pressed

019 the=second spb ckearing Nortiony2 tape fixed.but is-made slhidable pearing

with respect to the first sub bearing portion 62. Thus, the first moving
frame 84 capgnove with respect te fe-secangymoying: frae p2byidn 76 is

predetermined distance in the first direction

positioned between the two bearing pieces 83a and 83b of the
fourth sub bearing portion 83. Subsequently, the second main
guide shaft 77 penetrates thrcugh the bearing hcles of the
four bearing pieces 75a, 75b, 82a and 82k of the third main
bearing portion 75 and fourth main bearing portion 82. On
this occasion, the second main guide shaft 77 is pressed
into the fourth main bearing portion 82 to be fixed, but is
made slidable with respect to the third main bearing portion
5.

Further, the second sub guide shaft 79 penetrates
through the bearing holes of the two bearing pieces 83a and
8§3b of the fourth sub bearing portion 83 and the bearing
groove 78 of the third sub bearing portion 76. Cn this
occasion, the second sub guide shaft 79 is pressed into the
fourth sub bearing portion 83 to be fixed, but is made

slidable with respect to the third sub bearing portion 76.

Thus, the second moving frame 52 can move with respect to

83



X, namely, by the length obtained by subtracting the distance between
the outer surfaces of the two bearing pieces 61a and 61b of the first main
bearing portion 61 from the distance between the inner surfaces of the
two bearing pieces 71a and 71b of the second main bearing portion 71.

ext, the yaoke 66 to which the two magnets 67a and 67b are fixed is _
D e B TREd BR8 Bodid B Haq B S AR o gl in the
oke 66, the yoke 66 may be attached to the fixed base board 53 in .
%%(\:/%ge, tﬂ%%%? efore }[%lé firgtarrﬁg\l/ei%g frame 5?[(?}56 att%%ﬁgé b theotained by

econd moving frame 52. Subsequently, the coil assembly body 93 is
G E R s e e i 2o 2 TR

fogasin,he SYIDALCRICOl 2 15, 1 eq g dhe eirrel AIeelan RIS earing

lower piece 66b of the yoke 66 and the lower magnet 6/b are inserte

M?t%hoé% thf%{' % tg? Qg%ée"ﬁgl&p&gﬁf 9§H§3 ﬁ)&erglt@r thgu%oj%la ces of

fixed portion 51b of the first moving frame 51, using a fastening

m%c?w&srgégm@? gghesive. By doing:so; sthe assembly ofithg IMAGE nearing
stabilizer 5 is completed, and the image stabilizer 5 with a structure
shewndn HGS. 30 to 42 85 is obtained. The functions of the image

stabilizer 5 of a moving coil system, having the above-described structure
are agfollows . Fhe moyementefthe,carracting kens 15 0f thigimage st moving

stabilizer 5 is performed by selectively or simultaneously
frame 51 is disposed facing the second moving frame 52 from
above, and the two bearing pieces 6la and 61b of the first
main bearing portion 61 are positioned between the two
bearing pieces 7la and 71k of the second main bearing
portion 71. And the first sub bearing portion 62 1is
positioned between the two bearing pieces 72a and 72b of the
second sub bearing portion 72. Subseguently, the first main
guide shaft 63 penetrates the bearing holes of the four
bearing pieces 6la, 6lb, 7ia and 71b of the first main
bearing perticn 61 and second main bearing portion 71. On
this occasion, the first main guide shaft 63 is pressed into
the first main bearing portion 61 to be fixed, but is made
slidable with respect to the second main bearing portion 71.
Further, the first sub guide shaft 65 penetrates through
the bearing holes of the two bearing pieces 72a and 72b of

the second sub bearing portion 72 and the bearing grcove 64

of the first sub bearing portion 62. On this occasion, the
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supplying driving currents of an appropriate value to the flat coil 88 and
the cylindrical coil 91 of the electric actuator 54 via the flexible printed
circuit board 87. The flat coil 88 and the cylindrical coil 91 of this image
stabilizer 5 are fixed to the first moving frame 51 as a unit of the coil

ssembly hody 93. On thjs qccasign, the thrust-generating portions 89a
g%ﬁsatgb%hﬁwe‘%l%%g&l 6531 exiended intthé S5Eohd Jd?r%%tio*hh\?, aRgred sub
thrust- generati ortion 92 of the cylindrical coil 91.is extended .in th .
?i?&rd}re ti(?nof(gifg%, sl§i)r£1]cetzt?1e 1?V\e/o r%/:é}éﬁét's 6%3 anlds67r%af%<eed % %éﬁﬂ%le with
of the yo 6 are disposed.above and below both.the ¢oils 88 and ..
B e R e e T e o b ahath Tizet

&wem%gn@ﬁ&gasafdégg 3¢Ls,i0 syeh,a ma e t%ge«‘g@gsgggtcgggﬁ 4 moving

through the thrust-generating portions 89a an of the flat coi

the thrust-generating portiqn. 92 of the gylindrical cail 91 yertically, AISQs o v 5 on,

the correcting’lens 15 of the image stabilizer 5 is supported in a movable

smannerhyithe firgtguidg, whish, hasthe girst moving ffég‘e hn e fitsty  he

direction X with 86 respect to the Second moving frame 52. Further, the

goyesting lens:15,is-supRarted ina govable manper by thecsecond, pearing
guide, which has the second moving frame 52, in the second direction Y

Mitespeatiodhe fixed bage baardsa3.s Thereforepwith the aglign obthes1 ¢rom
first guide and the second
the distance between the inner surfaces of the two bearing
pieces 7la and 71b of the second main bearing portion 71.
Next, the yoke 66 to which the two magnets 67a and 67b
are fixed 1s attached toc the fixed base board 53. Regarding
this installation of the yoke 66, the vyocke 66 may be
attached to the fixed base board 53 in advance, that is,
before the first moving frame 51 is attached to the second
moving frame 52. Subsequently, the coil assembly body 93 is
attached to the coil fixed portion 51b of the first moving
frame 51. On this occasion, the c¢ylindrical coil 91 is
fitted from the lateral direction, and the lower piece 66b
of the yoke 66 and the lower magnet.67b are inserted into
the hole thereof. Then the coil assembly body 93 is fixed to
the coil fixed portion 51lb o©f the first moving frame 51,
using a fastening mechanism such as adhesive. By doing so,

the assembly of the image stabilizer 5 is completed, and the

image stabilizer 5 with a structure shown in FIGS. 30 to 42
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guide, the correcting lens 15 is freely movable both in the first direction X

and the second direction Y within a predetermined range. If an electric

current is applied to the flat coil 88, the electric current flows in the

second direction Y at its thrust-generating portions 89a and 89b because

the thrust- generating portions 89a and 89b are extended in the second
ireRH6A Y2 B this occasion, since the magnetic flux of the magnetic

circuit acts jn the up-and-down direction which. is_ vertical 5: th . .
thrustaandrAiing bORoNS B9s Snc B9 16764 B Acebiiin T frsf dPGdHP <011
X acts on the two_coils 88 and 91 in accordance with Fleming's left-han

R e e T e B AR e COf LBty iy 95110
ﬁ{‘g the like ar fixeg oves in th% first dcirection lX. As alrgsulétﬂtheth. .
correcﬁﬁ&%énnes f5 hegby%h% first rrﬁg\(/zlné'rl}r%me 51 foves inThe first- = 119

direglign X, guided by é@%@@%ﬁgiﬁ:ﬂ a&%‘irgé'ﬂ%%éé"i t%egr:gqlgg%dcea%feous ly

the electric current applied to't t coil 88. On the other

SlegiiG eyprent s applied to the gylindrieal £oil %ﬁ%;@ﬁ%@%%&eﬂe to the

flows in the 87 first direction X at its thrust-generating portion 92 because

e thryst-generating poryan. 9245 extended.in the, fifst difection X4QN o1 ectric

this occasion, since the magnetic flux of the magnetic circuit acts in the
Apzangd-dewndirection nwhichds vettical,to; the dhrust-geperating pastion

92, force

The flat coll 88 and the cylindrical coil 91 of this
image stabilizer 5 are fixed to the first moving frame 51 as
a unit of the coil assembly body 93. On this cccasion, the
thrust-generating portions 89%a and 8% of the flat coil 88
are extended in the second direction Y, and the thrust-
generating portion 92 of the cylindrical coil 91 is extended
in the first direction X. Also, since the two magnets 67a
and 67b fixed te both ends of the yoke €6 are disposed above
and below both the coils 88 and 91, the magnetic flux of a
magnetic circuit formed by the yoke 66 and the two magnets
672 and 67b acts in such a manner as to be transmitted
through the thrust-generating portions 8%a and 8% of the
fiat ceoil 88 and the thrust-generating portion 92 of the
cylindrical coil 91 vertically.

Also, the correcting lens 15 of the image stabilizer 5

is supported in a movable manner by the first guide, which

has the first moving frame 51, in the first direction X with

gé&



directed in the second direction Y acts on the two coils 88 and 91
according to Fleming's left-hand rule. Thus, the second moving frame 52
moves in the second direction Y by means of the first moving frame 51 to
which the coil assembly body 93 and the like are fixed. As a result, the
correcting lens 15 moves in the second direction Y, with the first moving

FAME ST antthe Setond MUY AMEBS guite@ By thi¥second GhideSr  the
accordance with the mh nitude of the electri¢ current agglied to the be th
&Yrindricat €8il 9T Furthdr, irelédthe Rirrehts Afe Smlitdnéosly appiet by the
ta the flat coil 8and}}the cylindrical coil 91, the. movement hy the flat coil ,
“ant thgurﬁ%émewn chf/kihlg ac“ci/lir? car S b of \%hi%%%%\e/eaéécén in the
entioned above, are performed in a combiped manner. Specifically, the
%%rcr%%ﬁnggl%aﬁgcl rcﬁ%vgs i‘ﬁltﬁ?re1 firrs?%'?r%%ﬁongﬁ dg}elefo ﬁlexegcgicgr? oF thk()eOard >3-

ﬁ%ﬁ@%‘é’é‘?”w@ﬁhE'Héé’séﬁf@i‘%ﬁ the f'@%goié%s%“%a&wee same gwee second
the secon dl 10N

the correcting lens 15 moves In direction Y-due to the ac

ghihe-electric %ﬁ@a&mﬁ%ﬂ%ﬁ@r%gwe%gg ical coil 91 Ag th in the

result, the correcting lens 15 moves in a diagonal diréction, 88 there

stabilizing images gf.thedeng systam 2. Acovet member 98 isinstalled ony ;4

the image stabilizer 5 with the above-mentioned structure in a detachable

Franner e AgiSoWnARfSS. 27 to 29. Having an upper surface portion
98a, a front surface portion 98b, and left and right side

If an electric current is applied to the flat coil 88,
the electric current flows in the second direction Y at its
thrust-generating portions 8%a and 89 because the thrust-
generating portions 89%a and 8% are extended in the second
direction Y. On this occasion, since the magnetic flux of
the magnetic circuit acts in the up-and-down directicn which
is wvertical to the thrust-generating portions 8%a and 89b,
force directed in the first direction X acts on the two
coils 88 and 91 in accordance with Fleming’s left-hand rule.
Thus, the first moving frame 51 to which the coil assembly
body 93 and the like are fixed moves in the first direction
X. As a result, the correcting lens 15 held by the first
moving frame 51 moves in the first direction X, guided by
the first guide, in accerdance with the magnitude of the
electric current applied to the flat coil 88.

On the other hand, if an electric current is applied to

the cylindrical coil 91, the electric current flows in the
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surface portions 98c (one of the side surface portions is not shown in the

figures), the cover member 98 is formed of a case roughly shaped like a
rectangular parallelepiped with openings made in its rear and lower

surfaces. A pullout opening 201 from which the flexible printed circuit
oard 87, whose,one eqnd is_connected to, the coil assembly.body 93, is .

DG oLt R BRACIEY in's b whets he (Eper SUTBOE ardoisaa e tion 92

continuous, with the front surface portion 98b.. The ¢ r member 98 .
5 Yous, he, {ronts aDr] . +,CQY, L th
covers the eéactr%lc actuatot b4 of tlenﬁna%%fs‘%éﬁ.ﬁzer% t5'be protected, - 1

AndJs CQE?%H%EQM%@ d%%“"l;r?é%r”tﬁé‘é‘gé from th&'r%oé@ ﬁf‘}fg Qr?ég%%tic £lux

53b of the fixed base board 53. at reason, a plurality of (two in this

Senbodiment) attachiment brackets 202.and, 202 farmed.in, Siich 4 Mannefe o« 5 on

as to be continuous to the rear surface side of the upper surface portion

Wwiand protude: downward, and a plurality gtwep ilf?{t% epbodimeny,  rorce

attachment holes 203 and 203 formed in lower parts of the front surface

Portion 98b are pravided n the equardnember; 9808 the yeke.fixed, coi1s 88
portion 53b of the fixed base board 53 are provided the same number of

Aitachment cenvex pertians 89204 which piqtrudesindhe lateral direglions, the

corresponding to these attachment holes 203. By fitting the attachment
holes203dothedwe affachmentconvex pertians:204: tha.eover memben v by

98 is installed on the fixed base board 53. On this occasion, the

means of the first moving frame 51 to which the coil
assembly body 93 and the like are fixed. As a result, the
correcting lens 15 moves in the second direction ¥, with the
first moving frame 51 and the second moving frame 52 guided
by the second guide, in accordance with the magnitude of the
electric current applied tTe the c¢ylindrical coil 91.

Further, if electric currents are simultaneocusly applied
to the flat coil 88 and the c¢ylindrical c¢oil 91, the
movement by the flat coil 88 and the movement by the
cylindrical coil 91, both cf which have been mentioned above,
are performed in a combined manner. Specifically, the
correcting lens 15 moves in the first directicon X due to the
action of the electric current which flows through the flat
coil 88, and at the same time the correcting lens 15 moves
in the second directicn Y due to the action of the electric

current which flows through the cylindrical coil 91. As a

result, the correcting lens 15 moves in a diagonal direction,
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two attachment brackets 202 and 202 are constructed in such a manner
as to elastically engage with a lower barrel 18 of the barrel body 3 or the
like, for example. This makes it possible for the cover member 98 to be
attached to the barrel body 3 in a freely detachable manner due to the

Structyre osfyg1 cgver.mem.ber 98 |tseg, %/ﬁ[hmit usm%a fastening

mechamsim such as fixed Screws. Af%o, in the p%ﬂgu gpsé—’nei‘ﬁlg 01 of the

cover,member 9 isbprovigl d .a flexibl ;eLssi Bort'on 205 which s
preve%ts%?ﬁée%u gg{oﬁ%fleﬁbl%aspnﬁes ﬁcmﬁt %)ard efr&%ab%?ngs i?t%fihzer >

0. And 2 pair; of lacking projections @9&@@9%@0%1 8;@‘%&%%%%‘* manner,

sides of the pulled-out flexible printed circuit boar in its widthwise

flirection, are proyvided at; inedront o the Upper surfacg partion, 8§%§zd5éhepo rtion

top of the pullout opening 201 in such a manner as to project upward.

Syl a locking protiysive-side 202 which sypports.a ceriain  arga 9f thegne  side

flexible printed circuit board 87 is provided at the rear of the upper

SuFfage Portiop: 98 Altheugh nateshown i the figuees parts.ekthe o rtions is
flexible printed circuit board 87 extending ahead are electrically

1COANGELEHHO0 8,90 POWEE SOWEEe O aREMBBK AR the-PEWer SpUIree Siderned of
connected to the power source. The locking projections 206a and 206b

Aangddhe lacking, protsusive 8idei2ly arepsed assiiown inRG: 281and ped with
FIGS. 34 to 36. Specifically, the pair of locking projections 206a
cpenings made in its rear and lower surfaces. A pullout
opening 201 from which the flexible printed circuit board 87,
whose one end is connected to the coil assembly body 93, is
pulled out 1is provided in a part where the upper surface
portion 98a 1is continuous with the front surface portion 98b.
The cover member 98 covers the electric actuatocr 54 of
the image stabilizer 5 to be protected, and is constructed
in a detachable manner from the yoke fixed portion 53b of
the fixed base board 53. For that reason, a plurality of
{(two in this embodiment) attachment brackets 202 and 202
formed in such a manner as to be continucus to the rear
surface side of the upper surface portion 98 and protrude
downward, and a plurality of (twe in this embodiment)
attachment holes 203 and 203 formed in lower parts of the
front surface portion 98b are provided in the cover member

898. On the yoke fixed portion 53b of the fixed base board 53

are provided the same number of attachment convex portions

89



and 206b lock the starting portion of a flat surface portion 87b which is
continuous to a curved portion 87a curved according to a certain
curvature radius after pulled out of the pullout opening 201, at both sides
of the starting portion in a widthwise direction. This makes the curved

tion 87a elastic, and the.first moving frame_51 can be biased toward ‘
A St SeebEaovihly e 52 b P AbnfC SFTG diisic oibe SPonding
The_effects brqu I-‘ft]abo t iasi rce W generated by the curved
tp%rt?glneﬁ?a %ﬁh‘% %\)%%ﬁe gér%éa (r:]%fé)lt board 87 are explained, referring

0 F'%§.43ﬁ%%%ﬁ§'e 143 and 44 are explanatory diagrams 5 the two
schematically showihg the "biasing force W generated in the curve

&’t‘?&té?& £y the figst moving frame, a1, %@ecomemoxmﬁf@mﬁe%%@d 98 is

the fixed base board 53 té explain relationships between them. Since

aneentatthe flexible prnted Gireuit baard 87 issfixed 10 NeiCOVEL ac10n, the

member 98 fixed to the barrel body 3, this cover member 98 is a fixed

P8 InFIG 3. whep,the blasing tosce, Wiis givendodhe. Jlexible prted , such

circuit board 87 by the curved portion 87a, 91 the biasing force W causes

dorge yyhuch pushes t@@z&%@@@%l‘i@%?’é’gaé‘dﬂ@heé the-ight Pt rel 18 of

upward in reaction thereto to act on the first moving frame 51. Thus,
regarding -the fisstypain gyideshaft 63ixed to thefirstpoving frame Hakes it

a left protrusive portion 63a is pushed downward,

possible for the cover member 98 to be attached to the
barrel body 3 in a freely detachable manner due t¢ the
structure of the cover member 98 itself, without using a
fastening mechanism such as fixed screws.

Also, in the pullout opening 201 of the cover member 93
is provided a flexible pressing porticon 205 which prevents
the pulled-out flexible printed circuit board 87 from being
lifted up. And a pair of locking projections 206a and 206b
which support both sides of the pulled-out flexible printed
circulit board 87 in its widthwise direction are provided at
the front of the upper surface portion 98a at the top of the
pullout opening 201 in such a manner as to project upward.
And a locking protrusive side 207 which supperts a certain
area of the flexible printed circuit board 87 is provided at
the rear of the upper surface portion 98Ba. Although not
shown in the figures, parts of the flexible printed circuit

board 87 extending ahead are electrically connected to a
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and a right protrusive portion 63b is pushed upward. As a result, between
the first main guide shaft 63 and the bearing piece 71a which supports
the left protrusive portion 63a of the first main guide shaft 63, a gap El
according to the fitting error is oriented only upward. On the other hand,
between the first main guide shaft 63 an%the bearing piece 71b which
ESippbrs the fight protfudiVe portion 63b 5T tHe” tirst miain gtftie stit 634 ected
t%apt":il accgvr;,deing &*E% tr;:eC fitting error is oriented only downward. Also, in
G. 3, %garéing thefirst sub bearing portion 62 provided on the first

moving frame 51, force which pushes d ward k eu r .
surfa@%lgf tﬁLé} %gﬁﬁg Sr]é)% 36%41 f))r%%se%ﬁgoam 36%3&)8 ét%e affﬁft,le[ SEBG locking

uide shaft, 85 fixed to,the seeandmoying lrame gy 30d 298D B2y ong prgs.

according to the measurement error Is oriented only downward. At the

Same timeg, in £lG3, 43 and\44, farce which.pushes, the leftpart - o i o5 206a

downward and pushes the right part upward in reaction to that acts on the

S26006 goving-frames2 JThus; J1g9yding he seeond movMng,flameR2, o rt 1 on

the left part is pushed downward, and the right part is pushed upward. As

#7192 resultybetween the faurth main bearng portiony82.and the, segand .y rveq

main guide shaft 77, gaps Fl according to the fitting error are both

Lriepted only dowawaed-akthe hearipg +pOrions,82a,and 820Nt e cut of
sides. Between the third sub bearing portion 76 and the second sub guide

shaft fhu1iout opening 201, at both sides of the starting
porticn in a widthwise direction. This makes the curved
portion 87a elastic, and the first moving frame 51 can be
biased toward the side of the second moving frame 52 by
means of the elastic force.

The effects brought about by biasing force W generated
by the curved portion 87a of this flexible printed circuit
board 87 are explained, referring to FIGS. 43 and 44. FIGS.
43 and 44 are explanatory diagrams schematically showing the
biasing force W generated in the curved portion 87a, the
first moving frame 51, the second moving frame 52 and the
fixed base board 53 to explain relationships between them.
Since one end of the flexible printed circuit board 87 is
fixed to the cover member 98 fixed to the barrel body 3,
this cover member 98 is a fixed part.

In FIG. 43, when the biasing force W is given to the

flexible printed circuit board 87 by the curved portion 87a,
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meanwhile, force which pushes upward makes the lower surface of the
bearing groove 78 pressed from below by the second sub guide shaft 79
fixed to the fixed base board 53, and a gap F2 according to the
measurement error is oriented only upward. Thus, it is possible to keep

the posture of the carrecting lens 15 invariable, by keeping the posture
A o o S SRS fret Rovong WAL S Hed it ocpett Par®

420, fxed base board a3, based “p%%;']ketbia?é‘%tg%ra%%v\g %;‘eriaﬁed Pdaction

the curved portion 87a of the fléxible printed circuit oreover,

Sinpee.a tynically:used, flexible-printed circyit hoard 37 issysed ag its, ad . 44 g

no parts, mechanisms or the like are newly required for the posture

cputrok;therefre ;the postyre contrel cag-e perdormed without ¢5 v+ noving

increasing costs. Also, with the magnetic plate 86 being close to the

fagnet 67D, attragting fores. According to.the magnetic farce 0Ethey qownward,

magnetic plate 86 and the magnet 67b is generated; and the biasing

arge WV begormes, slropgst by combining thissattragting forcewiththerq.  as a
biasing force W generated in the curved portion 87a of the flexible 93

Rsinted circytheard 87 416 S.A5-ard 48:-shew an embodiment in whichsaq  the

biasing force W generated by a curved portion 87a of a flexible printed

wiewit hearsk 8¢ can bg alteied: 18 thisembodiment; anly hesshapei eka portion
flexible printed circuit board 87 is
63a of the first main guilde shaft 63, a gap El according to
the fitting error is oriented only upward. On the other hand,
between the first main guide shaft 63 and the bearing piece
71b which supports the right protrusive portion 63b of the
first main guide shaft 63, a gap El according to the fitting
error is oriented only downward. Alsec, in FIG. 44, regarding
the first sub bearing portion 62 provided on the first
meving frame 51, force which pushes downward makes the upper
surface of the bearing groove 64 pressed from above by the
first sub guide shaft 65 fixed to the second moving frame 52,
and a gap EZ2 according to the measurement error is oriented
only downward.

At the same time, in FIGS. 43 and 44, force which pushes
the left part downward and pushes the right part upward in
reaction to that acts on the second moving frame 52. Thus,

regarding the second moving frame 52, the left part 1is

pushed downward, and the right part is pushed upward. As a
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different from that of the above-described embodiment. Therefore, only
the flexible printed circuit board 87 will be explained here and the same
reference numerals are given to the same parts to omit duplicate
explanations. A curved portion 87b of the flexible printed circuit board 87
[ mafle thtiE:mer than t eo\tl%er art thereof by cutting both sides in the
AN bf CrclAr 7 EE InthE widtide difettor? SREES HefrgiaRy: °2 and the
strength) of.the curved portion 87b is set weaker than that of the other _. .
%)%?t? is}néaolnrétrctlk:lt}c():ie msa?l}%ggit ggésigfiéﬁg a%fitrgﬁlf/%% %hnegriéiai& he fitting
éstg%n th)a?:fe theD%L{r}\{ed goritiaorpt87 nglfer thgg JJrljla“;[ of the oIEher Pﬁ\rt. ltbearin
Should be hoted that the sﬁape of the curvéd portion B7H of the flexible 9

ggi%do%cug?aoag%%? is ot limited to the, gjrcular ares shown inthis, , ;. o

embodiment; for example, triangles, squares, semiellipses and various

othershapes.¢an be employed, Alsg, a regess for the eurv eartions%%et 79,

may be provided only on one side. Further, the curved portion 8/b can

£OBsUGted as@ qurved portion, nof Dy providing & recess gnthe auter o, .z, c

edge of the flexible printed circuit board 87, but by making circular,

&tlintical, 94 thampic orgther heles insidestherepf apd thus makin t@ﬁe7second

rigidity (strength) of the portion lower than that of the other part.. IGS. 4
1049 showea structuren which.the partahead sofacurved peRion 878:0f ng -

a flexible printed circuit board
gap F2Z according to the measurement error 1is oriented only
upward.

Thus, it is possible to keep the posture of the
correcting lens 15 invariable, by keeping the posture of the
second moving frame 52 and first moving frame 51 fixed with
respect to the fixed base board 53, based upon the biasing
force W generated by the curved portion 87a of the flexible
printed circuit board 87. Moreover, since a typically-used
flexible printed circuit board 87 is used as it is, and no
parts, mechanisms or the like are newly reqguired for the
posture control; therefore, the posture control can be
performed without increasing costs. Alsc, with the magnetic
plate 86 being close to the magnet 67b, attracting force
according to the magnetic force of the magnetic plate 86 and
the magnet 67b is generated; and the biasing force W becomes
stronger by combining this attracting force with the biasing

force W generated in the curved portion 87a of the flexible
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87 is not supported by a cover member 98 but supported by a fixed base

board 53. Therefore, on the lower surface of a yoke fixed portion 53b of

the fixed base board 53, a pair of locking projections 206a and 206b

which support both sides of the part ahead of the curved portion 87ain

the widthwise direction are provided to project downward. Similar

RFreRfivehéss1othE dbodEUeléribed embodiment can be obtained by

emplaying, such supparting structure as well. The effects brought about by, .

a bias%&%drcél\?\/ §£?era %d By the LOrveBPORIgH S a dfthig nékible? Plasing

rinted circuit board 87 are explained, referring to FIGS. 50 and 51. FIGS. |

S50 &1 AP BRpanSthry tagfams SeHemakEAly SHowiRGIne biaging Lo 1b1e

forcetW Ogecr%‘e]_[ated inthe ¢ rv%?eportio 87a a grst mov'inrg fr%q]se 51, a

%%%:8n§ movmé: ]I‘lr'“f'éfrcnebgfl Jf':md ﬁ)%gd %sg oajfgi %3 to éxplain exbodiment,

rel tioﬁg)ss%tweent em. Since one end of the gexible rin%d circuit

%rc})g}/d is fixed to the fixed base board 53 fixed o the barrel oc?yo?,rt(lélis87 is

&iﬁ?@%%ecb%rga . liS&fQ&ed Rat. '%ﬂgé% g%ggﬂeﬁd@sec@a%ga forcey Wi ment .

0L .
IS given to the f e printed circuit e curved portion 87a,

PRforce which pushes the 'eéﬁe@;%%va%dz%dceashsgé%ﬂghtbeggd 87 will

downward in reaction to that acts on the first moving frame 51 by means

9L theiasingdaree We Thys, regarding.a first Fain guide shatt 63 fixed o ;v e,
the first moving frame 51, a left protrusive portion 63a is pushed upward,
@9d@dohtame parts to omit duplicate explanations. A curved
portion 87b of the flexible printed circuit board 87 is made
thinner than the cther part therecf by cutting both sides in
the form of circular arcs in the widthwise direction, and so
the rigidity (strength) of the curved porticon 87b is set
weaker than that of the other part. This construction makes
it pessible to arbitrarily set the rigidity (strength} of
the curved portion 87b weaker than that of the other part.

It should be noted that the shape of the curved portion
87b of the flexible printed circuit board 87 is not limited
to the circular arcs shown in this embodiment; for example,
triangles, squares, semiellipses and wvarious other shapes
can pbe employed. Also, a recess for the curved portion 87b
may be provided only on one side. Further, the curved
portion 87b can be constructed as a curved portion, not by
providing a recess on the outer edge of the flexible printed

circuit board 87, but by making circular, elliptical,
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protrusive portion 63b is pushed downward. As a result, between the first

main guide shaft 63 and a bearing piece 7la which supports the left

protrusive portion 63a of the first main guide shaft 63, a gap El according

to the fitting error is oriented only downward. Meanwhile, between the

first main guide shaft 63 and a bearing piece 71b which supports the right
HOIPRdiTe PEriGHBSH of theSst iidin “Guidd SRR063, AGhp Bl Wcdiaigry  the
to the fitting error is oriented only upward. Also, in FIG. 51, regarding a

st 0 boarTie G0N b2 Providih orithe Frét mcvilierarme 51, fotee OF the

ich pusheés upward makes the lower surface of a bearing groove 64
%regasreopf%fm‘below by a first sub guide shaft 65 fixed to the second

moving frame 52, and ap E2 according to the measurement error is
:%gg]é?‘: 45? %‘o f?gtghow a.scructure I]—'PGéH‘gtfa (%ET f%art ahead

oriented only upward. He same time as this, in n rce

ich pushes the left part upward and pushes.the right part downward.in
\r/g;lcatioﬁ%‘{ﬁg: a%fsr%?] the sgﬁ(lzaon %mgvi% rgr#}eE%ZP'F ﬁt?s%?ega%%%ﬂh% board

secand moving frame 52, the Jell partis, pyshed ipward, and e Mot .y 1, o
g cij Aga result, a?i%g

part IS pushe wnwar etween a fourth main be

portion §2 and a,96 second maip guide shaft 77, gaps Fie%%%rdiggé%m% of a

fitting error are both oriented only upward at bearing portions 82a an

$aponchotb sides. Betweena thied sy bearing porion 48.and %%e,c%(‘r%aair of

sub guide shaft 79, meanwhile, force which pushes downward makes the
uppgt surfaceofa-pearing areeue and 206b which support both sides

of the part ahead of the curved porticn 87a in the widthwise
direction are provided to project downward. Similar
effectiveness to the above-described embodiment can be
obtained by employing such supporting structure as well.

The effects brought about by a biasing force W generated
by the curved portion 87a of this flexible printed circuit
board 87 are explained, referring to FIGS. 50 and 51. FIGS.
50 and 51 are explanatory diagrams schematically showing the
biasing force W generated in the curved portion 87a, a first
moving frame 51, a second moving frame 52 and the fixed base
board 53 to explain relationships between them. Since one
end of the flexible printed circuit board 87 is fixed to the
fixed base board 53 fixed to the barrel body 23, this fixed
base board 53 is a fixed part.

In FIG. 50, when the bilasing force W is given to the

flexible printed circuit bocard 87 by the curved portion 87a,
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78 pressed from above by the second sub guide shaft 79 fixed to the

fixed base board 53, and a gap F2 according to the measurement error is

oriented only downward. Thus, it is possible to keep the posture of a

correcting lens 15 invariable, by keeping the posture of the second

moving frame 52 and first moving frame 51 fixed with respect to the fixed

bas&EBoRiSE BIsEThon the Bidsing forte W Geiterated By theTaingse right

portion 87a of the flexible printed circuit board 87. Moreover, since a ‘

Ripicallf Bl FfeRible® phAtdcifetit bBartl$7ris 3SEd aSTt i< Hhd hbrst moving
arts, mechanisms or the like are newly required for the posture control,

{%Feaﬁl&stér]e CohtPTREA beperfbrmBd Rt fRcessif cosie! isdedarding a

ttractin%fqrce acc rdin%to the _magnetic force of a magnetic plate 86

hd 2 mBgnét G €8 g8hiérated’dy fkfth the nidignetit piae"88dB8e fgame 51,

theln@'gnet 6%b; and therefore it is %%ssib,le to mahg he biasing forC%W .
gtroﬁager b@rc%rﬁﬁjiﬁﬁéethg%ﬁr&c?fﬁg orce With'tha i siﬁgvf&% Ayene & rig

geggated |\p the 8%v§d ﬁPoréigp% 87‘% of tr&ehfée%ibgo%rglntgd ircuit oarg result
Jf. %1%2 Sho?vs another em odllmeﬁ)t osf an attached state of an !

lectric_actuator % In this embodiment, the attach angle of the electric .
B oh i A A Fesiats piece

ﬁée ds.fhe sompanents, galy R@f%?fﬁ%?@t%fs%@(?og@?tg%ﬂo“683% Of s the
a fixed base board 53 supporting a coil assembly body 93'is different
first main guide shaft 63, a gap El1 according to the fitting
error 1s oriented only downward. Meanwhile, between the
first main guide shaft 63 and a bearing piece 71b which
supports the right protrusive portion 63b of the first main
guide shaft 63, a gap El1 according to the fitting error is
oriented only upward. Alsoc, in FIG. 51, regarding a first
sub bearing portion 62 provided on the first moving frame 51,
force which pushes upward makes the lower surface of a
bearing groove 64 pressed from below by a first sub guide
shaft 65 fixed fTo the second moving frame 52, and a gap E2
according to the measurement errcr is oriented only upward.
At the same time as this, in FIGS. 50 and 51, force
which pushes the left part upward and pushes the right part
downward in reaction to that acts on the second moving frame
52. Thus, regarding the second moving frame 352, the left
part 1s pushed upward, and the right part is pushed downward.

As & result, between a fourth main bearing portion 82 and a
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from that in the above-described embodiments. Therefore, the same
reference numerals as in the above-described embodiment are given and
duplicate explanations thereof will be omitted. In this embodiment, the
electric actuator 54 is attached to a first moving frame 51, rotationally

shifted by 90Q. Specifically, a_flat.coil 88 is attached to the first movin e
TS 1 0H R Tr g ner g BaoR DXESNE Th-tHe dnacilfintE55n3
G\3/\£h|ch the flrshrﬁg in fraénetg moves. Corres on(%ln%lgalgian oke fixed

po?tcllc;:n 535 0 ixed Base board % Hggearranda\ower piece 665 and > 822

ag;?g A yoke 66,apd E?B%‘é‘?‘”q g’é’%%e@%gnit%%f%én%u7%‘%}%1@ portion

isposed such that the lengthwise direction thereof extends in

firechion in which the figstmaying, frameg 5 moves. ﬁ@%%h%&{%?ﬁ@%%& which

to the above-described embodiment can be obtained by employing suc

strugtue aswell, FIGH,93 10 59, show fluther anether (third).empbodiment oo ove

of an image stabilizer according to the present invention. This

enhodimentishows, apedified, examplefthe HateQil 88 iadh&hart 79 fixed
above-described embodiment: two coil portions are constructed of the

samercoil portions B8a.and 88a4 Ard the; 98 magpgtic fescefdnagnets to the
67a and 67b is strengthened by constructing a yoke with a circular

meembekRegardingan eleciig agttator H4A showm insthis embodiment,

the same parts as those of the electric actuator 54 shown in the

aboverdesgribed embediment ake givendbe same refgrenee of a correcting
lens 15 invariable, by keeping the posture of the second
moving frame 52 and first moving frame 51 fixed with respect
tc the fixed base board 53, based upon the biasing force W
generated by the curved portion 87a of the flexible printed
circuit board 87. Moreocover, since a typically-used flexible
printed circuit board 87 is used as it is, and no parts,
mechanisms c¢r the like are newly reguired for the posture
control, the posture control can be performed without
increasing costs. Also, attracting force according to the
magnetic force of a magnetic plate 86 and a magnet 67b is
generated by making the magnetic plate 86 close to the
magnet 67b; and therefore it is possible to make the biasing
force W stronger by combining the attracting force with the
biasing force W generated in the curved portiocn 87a of the

flexible printed circuilt bcard 87.

FIG., 52 shows another embodiment of an attached state of
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numerals, and duplicate explanations thereof are omitted. Two coil
portions 88a of a flat coil 88 of the electric actuator 54A have the same
shape and structure, and the relationship regarding arrangement between
the flat coil 88, a cylindrical coil 91 and a magnetic plate 86 is the same.

Aﬁlsoe’f‘%c’ke'%p‘ is a comblngt on of two dﬁndedipl ces,66A1 and 66A2

HavingThe shheXhapat8hd i formed'into & TectBRGiiaF fame bod§ ag atached
whale. T lindrical ¢coil.91 is wound arqund.one side of this yoke 66A,

e SO RO SRATHS cyltrial Gl OF atjos et LHMTET higa Trom the
hain._gimilar eg)fegtiven%ss ta the above-gescribed embocgimecrkts can_be

apove scribed. empodiment an S regards e . components
obtained by employing Such stractufe as well. 3R part?cu?ar, according to

é%fvf”&%%dgf‘%%ﬁﬁ%%?ﬁg@r% ;’agﬁgh%%@fﬁ%c @Q’ﬁfgi@ﬁdetbeé%isaa” ixed base

advantage icienc the magnets 67a an
187 An ggagg@%@y{%%wngh the above-deseribed %%‘&%Uf% ANd. i frerent
functions is attached to a lens barrel 1, as shownin FIGS. 1to 11. This

#page stailizer Sigdnserted into and pulled oyt of anQpening POLIANAR e | 1he

provided in a lower barrel 18 of a barrel body 3, from the lateral direction;

S9and-attached 19 thejowenbarrel 18.in afletaghable manner, sthiSinodiment

case, the image stabilizer 5 is constructed as a unit of one apparatus, so

hat iyean-he aifachedand .defached padiculady eagily-ang swifly. Naleon; tted,
that, a cover member 98 is attached to the lower barrel 18 of the barrel

In this embodiment, the electric actuator 54 is attached
to a first moving frame 51, rotationally shifted by 90°.
Specifically, a flat coill 88 is attached to the first moving
frame 51 such that a thrust-generating portion extends in
the direction in which the first moving frame 51 moves,.
Correspondingly, in a yoke fixed portion 53k of the fixed
base board 53, upper and lower pileces 66a and 6éb of a yoke
66 and upper and lower magnets 67a and 67k are disposed such
that the lengthwise direction therecf extends in the
direction in which the first moving frame 51 moves. Similar
effectiveness to the above-described embodiment can be
obtained by employing such structure as well.

FIGS. 53 to 59 show further another (third) embodiment
0of an image stabilizer according to the present invention.
This embodiment shows a modified example of the flat coil 88
in the above-described embodiment: two c¢oil portions are

censtructed of the same coil portions 88a and 88a. And the
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body 3 in a detachable manner by a fastening mechanism such as fixed

screws. FIGS. 60 to 64 are figures showing a digital still camera 100

which is a first embodiment of an imager apparatus provided with a lens

barrel 1 having the above- described structure. This digital still camera

100 uses a semiconductor recording medium as an_information recording
PG Gnd 8% SpticaF infAg&Hor ar? 6Bje @ conlBriedfto Sarf Sllegﬁféened by
soqgagaln a CCD (|ma(‘3j d)(so as t be recqrded | n the semlconductor

recording Shadfiman epla"i’/]e ona lr Va%ﬁafﬁ?ﬁ% Stich aspé@fﬂ:ﬁ,ﬁ&lmg an
c yst | display. As shown IG. 60 and other res ﬂlﬂ taI stlll

%%I?ne%ra 100 %cﬁdaes a c%‘gra%odyqof a Ien arre % sp ay

[?gg%ratusalt(;]%,q g%ntro%unl 103 baEie I\é . power nc not shovgj_iln the dyn in the

igures an ke The camera body ows a speccﬁc examp‘?e 0

JJB%‘Q%L% atysbody, Theslens Qa”%'xlecagc_%%?éna“ %h 5&% object s rence

as light and leadsittoa CCD 4 unctlonlng as an imager splay

@Hﬂ@%ﬂﬁ%10%%%“&55@f§§%%¥£Q§E§%®éﬁ%mgy%ﬁ%¥é9FQ5%§%Hutted

image baséd upon a image signal that is output 100 from the CCD 4, and

the likg,, 1 he controlynit 103, cantrols dhe agton of the jengbayeel 1, e 1 o or v ¢
display of the liquid crystal display 102 and the like. The camera body

401 s formed oha widedlatease, s ingluding,a front casel05 and adear sy the
case 106 fitted

relationship regarding arrangement between the flat coil 88,

the same

a cylindrical coil 91 and a magnetic plate 86 is the same.

Aisoc, a yoke 6bA is a combination of two divided pieces 66A1

and 66A2 having the same shape, and is formed into a

rectangular frame body as a whole. The cylindrical coil 91

is wound arcund one side of this vyoke 66A, and the yoke 66A
and the cylindrical coil 91 are Jjoined together like a chain.
Similar effectiveness to the above-described embodiments can
be obtained by employing such structure as well. In
particular, according to this embodiment, since the yoke 66A
is circularly formed, there 1s an advantage of enhancing
magnetic efficiency by the magnets 67a and 67b.

An image stabilizer 5 with the above~described structure
and functions is attached to a lens barrel 1, as shown in
FIGS. 1 to 11. This image stabilizer 5 is inserted into and
pulled out of an opening portion 48, provided in a lower

barrel 18 of a barrel body 3, from the lateral direction;
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together in an anteroposterior direction; a main frame 107 which divides a
space portion formed by the front and rear cases 105 and 106 into front
and rear portions; a lens cover 108 which is attached to the front surface
of the front case 105 in a slidable manner in the up-and-down direction;

the like. An gbjective | 7A of the | | 1is di d faci
RE HREEHI4CD (ot hin LEHAGe) 61 Feman e 167 SRATRE LS manner
Iobjec%ive lens 7A can be oPened agga%%sleid l:éy th% Iegs cover 1

08. The
onbje% Ve lefis 7Ais g{i%%ose%aé;[ean upper par7t oh ohe Side of T F‘Pn%cirjlg ed as a

frame 1og , and the lens bagelsl is S%tta%%edcto _t{lg camera g.gdya]’g%avc\éﬁga 4 and

the ccba d?s%%se%pggf%%v and thé Second optical axis L2 directe

-ang- d the fi tical axis 1.1.0f th 2
Jp-and-down direction, And the %&gﬁlﬁﬁ V%g%té?éwmﬁv@v% (fcﬁ%:cgioﬁ cover

Is extended’in the anteroposterior di

i ihe camera;hody, 101 Joys, he «glectiic getuator pd thatis a diver.of o0 o

the Image stabilizer 5 Is disposed at one side In the direction which Is

msipendicylarto e second aptical, axis Lg.and which is, pArAleLigthe; sm such

first main surface, inside the camera body 101 101. Note that, the control

Hevice 103 formed by installing a predetermined microcomputer,
resistance, capacitor, other electronic parts and the like on a wiring

substtatgia flagh apparatys 11Q and the like ateattached o the main T scilz
frame 107.

camera 100 which is a first embediment of an imager
apparatus provided with a lens barrel 1 having the above-
described structure. This digital still camera 100 uses a
semiconductor recording medium as an information recording
medium, and an optical image from an object is converted to
an electric signal in a CCD (imager) so as to be recorded in
the semiconductor recording medium and displayed on a
display apparatus such as a liquid crystal display.

As shown in FIG. 60 and other figures, this digital
still camera 100 includes: a camera body 101, a lens barrel
1, a display apparatus 102, a control unit 103, a battery
power not shown in the figures and the like. The camera body
1 shows a specific example of an imager apparatus body. The
lens barrel 1 captures an image of an c¢biject as light and
leads it to a CCD 4 functioning as an imager. The display
apparatus 102 is formed of a liquid crystal display which

displays an image based upon a 1image signal that is output
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The control unit 103 is provided side by side with the lens barrel 1, and
the flash device 110 is provided above. The flash device 110 includes: a
light-emitting portion 110a which is exposed on the front surface of the
front case 105; a drive portion 110b which drives and controls the light-

emitting portion 110a; a capacitor,110c which supplies predetermined
HeSic Powerts the dibe p&‘rzonlfl];fﬁ)‘, ahtt ThE TiRE R orderto expos€°rH-0+s

ihe ihsemiting porion 1108, of s fash device 110.and an ofective, 1, o,

ens 7A 0 ens barre ens fitting hole aan ng

hole LILb are provided orrespondin sitions of the front case 105.
The'o ﬁéct(?vlesr%\%%%Aﬁé%itt% %n(fzbht%eq e%%'fitting hole llla along with a

panelﬁlfbér%}ﬁlﬁeg%gg%ﬁ%“%Homios” 1103 plreg iniohe lah MG case,

hole ity of openings 111c through which a plurality

i leg,pieges providad.gn the lens covey 108 are jinserted ar@al%@"iqthe N fitted

the front case 105. The lens cover 108 is prevented from falling off

{ropL.case 105, by, prayiding the plurality of leg pieceswith detachments spe 107

102 preventing portions. This’lens cover 108 can be moved in the

wRsand-down girection y the plyality of openings 141c, and Ganpe .ng rear

locked at the top and bottom by a locking mechanism™ not shown in the

figuees. Agshown INFAG; Rlowhen the lens cwer 108/s atthetop, thes cover

objective lens 7A is completely
108 which is attached to the front surface of the front case

105 in a slidable manner in the up-and-down direction; and
the like. An objective lens 7A of the lens barrel 1 is
disposed facing the front surface (first main surface) of
the main frame 107, and the objective lens 7TA can be opened
and closed by the lens cover 108.

The objective lens 7A 1is disposed at an upper part on
one side of the main frame 107, and the lens barrel 1 is
attached to the camera body 101 with the CCD 4 disposed
below and the second optical axis L2 directed in the up-and-
down direction. 2And the first optical axis L1 of the lens
system 2 1s extended in the anteropostericr direction which
is a widthwise direction of the camera body 101. Thus, the
electric actuator 54 that is a driver of the image
stabilizer 5 is disposed at one side in the direction which
is perpendicular to the second optical axis 1LZ and which is

parallel to the first main surface, inside the camera body
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closed, thereby protecting the objective lens 7A. On the other hand, as

shown in FIG. 62, when the lens cover 108 has moved to the bottom, the
objective lens 7A is completely opened and the power switch is turned

on, thereby making shooting possible. As shown in FIGS. 60 and 63, a

square opening window 112 for exposing the display surface of the ‘
Hgsbiay Nppéra Eoz%lsro%aé*ariﬂlthéi%r&r%sé01%6??ﬁ@%%eﬁmglnstallmg
window 112 is provided, with a large opening made in the back surface,

Whith8 3 <edbhaTHaifl SGHACE BIhE Tear CaSe 108 GRd e BRplay° - Other

apparatus 102 is provided inside thereof. The display apparatus 102 is a
SO BRI oS URd 2R spiag abiho 816 LBRSHIRNAG IS e £13sh
opening.wind 112 and a back light fitted onto the inner surface of this
T el didglay. A frotdttve plite 11 is hrbitEd ori the HiGiq™a<n frame

g@/.?tal display side of the display apparatus 102 with a seal frame 113 in
etween, and the peripheral edge of this protective plate 114 is brought in

contagt, with_the inner surface he gpening window 112. Further, .
(Hhe cén%r?nf U.I‘hl% 1(83I lsldepdriogfié%%ﬁ s:L]d% I 18016(:.1%\Swj"th the

various operational switches are prov n e rear case

te,ap e% jqnal S‘ﬁ’i,tcréer?dtht‘?ﬁ%arﬁbgé%v@?edd%@pﬁ%izﬁespo HoNS &4 above.

mode selection knob 115, a zoom button 116, a screen display button

+.4 amany fution 18,3 dirgetonskey. 119, a sareen putton 121 andthg,, 1104
like. The mode selection knob 115 selects a function mode
which 1is expesed on the front surface of the front case 105;
a drive portion 110b which drives and controls the light-
emitting portion 110a; a capacitor 11C0c which supplies
predetermined electric power to the drive portion 110b; and
the like. 1In order to expose the light-emitting portion 110a
cf this flash device 110 and an cobjective lens 7A of the
lens barrel 1, a lens fitting hole 11la and a flash fitting
hole 111k are provided at corresponding positions of the
front case 105. The objective lens 7A is fitted intoe the
lens fitting hole 11la along with a panel 21, and the light-
emitting portion 110a is fitted into the flash fitting hole
111b.

Further, a plurality c¢f openings 1llc through which a
piurality of leg pieces provided on the lens cover 108 are
inserted are provided in the front case 105. The lens cover

108 1is prevented from falling off the front case 105 by

providing the plurality o¢f leg pieces with detachment-
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(still image, moving image, playback and the like). The zoom button 116
performs zooming operation. The screen display button 117 performs

screen display. The menu button 118 selects various menus. The

direction key 119 moves a menu- selecting cursor and the like. The

screen buytton 121 switches screen sizes and deletes a screen. A speaker.

Biote T2 8 & bt BRend 6f'the ré&Ease®56 on We Sife Gicoved in the
display.apparatus, 102, in which a loudspeaker.is incorporated, and a

28 Lo ing BTAI pIdte 25 5" SBeHEERth R ertd o Mt SRS 107 and

side thereof. Alsq, as shown in FIG. 64.and other figures, on the , upper .
S abeor e ek ety 107 Breroviied: & pondr Buth LS dagechanien

which fo turn the power.on/off; a sh%otin button 126 .with w ich to star
B, - 1
%%h%j end’ srrljooltfﬁg?%@ca%gr%rsﬁake ssétt%%ob"ﬁrtltolhnl with which to éhe ens

Stapilize,image by, operating an image stabllizer, 5 when A camerd shake, ) o ey
0]

occurs; and the like. Further, a microphone hole 128 is made

approximately.atihe centsy QE%L?DIO%EUV@B? Olihe, camerabogy 1015, .y

in which a microphoneis incorporated. The power button 125, the

Shogting button 126 and the ; 104-6amegs; shake setting bytton 127 are-all g 115

attached to a switch holder 124 installed in the camera body 101. Further,

Hig dnicrophane:-hole, 12845 alsomadg.indhe swiich holder-124,; and g, 1ete1y
built-in microphone is fixed to this switch holder 124. And the switch
bolderd 24 issheld,By thekamerahed, is turned on, thereby making
shooting possible.

As shown in FIGS. 60 and 63, a square opening window 112
for exposing the display surface of the display apparatus
102 is provided in the rear case 106. The opening window 112
is provided, with a large opening made in the back surface,
which is a second main surface, of the rear case 106, and
the display apparatus 102 is provided inside thereof. The
display apparatus 102 is a combination of a liquid crystal
display having a size corresponding tc the opening window
112 and a back light fitted onto the inner surface of this
liguid crystal display. A protective plate 114 is provided
on the liquid crystal display side of the display apparatus
162 with a seal frame 113 in between, and the peripheral
edge of this protective plate 114 is brought in contact with

the inner surface of the opening window 112,

Further, various operational switches are provided in
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101 in such a manner that part of the switch holder 124 is held between

the front case 105 and rear case 106. FIG. 65 is a block diagram

explaining the control concept of the above-described image stabilizer 5.

A control unit 130 includes: an image stabilization calculating unit 131;

an analog servo unit 132; a driving circuit unit 133; four amplifiers (AMP)
9BAACESAB, IBBA antfr35E  and Mfe ikE ROt iagd étatsilistion there are

calculaéi?n% unit 131 are connected a first gyro sensor 136 via the first

RIPItiEF (AMP) AL RntPa SeESIGyE sen8or B8 PVisthE SedGR kneb 115,

amplifier (AMP) 134B, The first gyro sensor 136 detects the amount of
%ispggénmgﬂﬁr)f e firs %ﬁrec?iongf%%ﬁged%ﬁsé) ﬁ%er%ugﬁaﬁfé onfllt}ﬁ(;’likéfl meny

applied t camera body. 101, and the second gyro sensor 137 cts
l-t)r]ileg Iz%?n%l?%l of di%plé%gren(g%/]f?nn tt']i:ée gec}fgtn%diréiecﬁ((?r%/%(egat%s%%tﬁynadleﬁ and the

camera shake,or e like, gpplied;to e camera body 101, Althoygh ap. o 4.
example’in which” the amount ofndisp}ilacement in the ﬁrs%%irection X an

%@‘%i%iﬁo%@&acgé’,is%%‘%%'ﬁ%miiglé%%se Cﬁ%g iéeccﬁio%\%ia“&é?%rﬁéﬁ'Y The zoom

0
detected by providing twogyro sénso een explained in this

smhodiment snecdiess ta say, the amount of displacementin @fﬁygn display

directions, the first direction X and second direction Y, may be detected

DY ONEQYrosensor . Fie Analog. servg unit 133 Is connected o the image, 11
stabilization calculating unit 131. The analog servo unit

selects various menus. The direction key 119 moves a menu-
selecting cursor and the like. The screen button 121
switches screen sizes and deletes a screen. A speaker hole
122 is made at an end of the rear case 106 on the side of
the display apparatus 102, in which a loudspeaker 1is
incorporated, and a strap supporting metal piece 123 is
attached to an end on the opposite side thereof.

Alsc, as shown in FIG. 64 and other figures, on the
upper surface of the camera body 101 are provided: a power
button 125 with which to turn the power on/ocff; a shooting
button 126 with which to start and end shooting; a camera
shake setting button 127 with which to stabilize image by
operating an image stabilizer 5 when a camera shake occurs;
and the like. Further, a microphone hecle 128 is made
approximately at the center of the upper surface of the

camera body 101, in which a microphone is incorporated.

The power button 125, the shocting button 126 and the
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132 converts a value calculated by the image stabilization calculating unit

131 from a digital value to an analog value, and outputs a control signal
corresponding to the analog value. The driving circuit unit 133 is

connected to the analog servo unit 132. To the driving circuit unit 133 are
connected:; the first hall element 94, which is a first_ position-detecting .
SiethEht, Gathe tifd ampliiBRENP) 185A% &fid tHe séldritFhaPelbment S¥itch
95, which is a second _position-detecting element, via the_fourth amplifier
RRMBIT 1358, FURREFR 10 3He dfvind GircRtnft?135%7% cofhected theler the
flat coil 88, which is a first cqil; and the cylindrical cojl 91, which is

SEEERR ATOE cOP e Mot of GEHIaEEHEnt ot 1 s oui thRtsies 124,
51 .in the first direction X,.detected by the first hall. element 94, is input to
ey St 8 S HA At TakCAIGD, the gt opo1der

splacement pfe-second miovigg rane,S21n the secand diectionty . 1oqy

étected” by the Second hail elémen S input to the driving circul

183 V'anthSJ%‘}{”Ea'ﬁBWﬁeé ég’?fifsgi ea%pogﬁg‘;hgg‘é ri%%'s_ RIS 124 s

control signal from the ana rvo unit Iving circult unit

RS2 Pyt &, predetermined coniol signaltp either, the.flat.coll #8 or the

cylindrical coil 91 or to both of them, in order to move the correcting lens

15 forﬂ%b.ilizi@g im@QeSaFI%'l%%!§ a Qﬁgﬂﬁgra@ﬁﬁg\’yiﬂgr@;ﬁrsﬁh@ contrel
embodiment of :

concept of the above-described image stabilizer 5. A control
unit 130 includes: an image stabilization calculating unit
131; an analog servo unit 132; a driving circuit unit 133;
four amplifiers (BAMP) 134A, 134B, 135A and 135B; and the
like., To the image stabilization calculating unit 131 are
connected a first gyro senscor 136 via the first amplifier
{AMP) 134n, and a second gyro sensor 137 via ithe second
amplifier (AMP) 134B.

The first gyro sensor 136 detects the amount of
displacement in the first direction X caused by a camera
shake or the like applied to the camera body 101, and the
second gyroe sensor 137 detects the amount of displacement in
the second direction Y caused by a camera shake or the like
applied to the camera body 101. Although an example in which
the amount of displacement in the first direction X and the
amount of displacement in the second direction Y are

separately detected by providing two gyro sensors has been
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a schematic configuration of a digital still camera 100 provided with an
image stabilizer 5 having the above- described structure and functions.
This digital still camera 100 includes a lens barrel 1, a control unit 140, a
storage apparatus 141, an operation unit 142, a display apparatus 102,
an external memory 143 and the like. The lens barrel 1 has an image

SERDifZEh B THR cohirdl GIP 246 BRiys-a WRREARDRe MCa 86itrolhe amount of

CFa]tj?(:‘g)aratus. The storage apparatus 141 has a program memory, data

MoR/; SITEFRAVVREOM orthE ([RETEFIMING the Toftrdi Urit146 1R Eion X

ti it 142 inpyt ' instructi ignal the like for turni
Thi pOUET BV SEIECHAY alsndbting fiodE erGTIAY SHEGUAY B =207

like. T, eedisglgaa}/ a%zaratus 102 dlsgla;gg captured ima%(t-% or.the like. The

externial merory “T43 Bhiarges Stérage dapatity. THE EoMtrs unit 140 e tmage

includes a1 pperationg) Gicuit having a micracompuley (CPU, and the

! . grvo unit
ike, for example. The storage apparatus 1 he operation unl?(i423, an

anglog gignalprocessing ynit Laf, a,digital signal procesging unit. 145, 5 , 5 o,
5and 197, 2 DIA 8, 107

two A/D converters 1 converter nd a timing

generatar (1G) 143 are connecled to tH@?gE%%tio'xVé‘iﬁﬂe“o Jhe.analog oy value,

signal processing unit 144 is connected to a CCD 4 attached to the lens

bagel J, apd. periorms pregdsternined signal o 9%%%%%%?%&"%85 WA analog

analog signal corresponding to a captured image output from

value. The driving circuit unit 133 is connected to the
analog servo unit 132. To the driving circuit unit 133 are
connected: the first hall element 94, which 1s & first
position-detecting element, via the third amplifier (AMP)
135A; and the second hall element 95, which is a second
position-detecting element, via the fourth amplifier (AMP)
135B. Further, to the driving circuit unit 133 are
connected: the flat coil 88, which is a first colil; and the
cylindrical coil 91, which is a second drive coil.

The amount of displacement of the first moving frame 51
in the first direction X, detected by the first hall element
94, is input teo the driving circuit unit 133 via the third
amplifier 135A. Also, the amount of displacement of the
second moving frame 52 in the second direction Y, detected
by the second hall element 95, is input to the driving
circuit unit 133 via the fourth amplifier 135B. Based upon

the input signals and the control signal from the analog
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the CCDA4. This analog signal processing unit 144 is connected to the first
A/D converter 146, and an output thereof is converted to a digital signal
by this A/D converter 146. To the first A/D converter 146 is connected the
digital signal processing unit 145 which performs predetermined signal
processing by means of a digital signal supplied from the first A/D

TORVErtel 128, To1his dighta sighal’ protessiig Uit 14874HE cohmect@ptPuts  a
the display apparatus 102 and the external memory 143, and an image
1032%%9L 88 or

RbTESHERING T6' anoBjéttis Bispliyed bR tie disHiay Bpparatis

tored in the external memory. 143, based upon a digital signal that is an
R g o B sl rosSsding it 148 "R, ttB Sekbno move
D converter 147 is connected a gyro sensor 151 showing a specific
B Bt ting i R SR8 o RE The of

ex%mcp?é: oFa &ﬂgdete%ﬁng Unit” A vibra

camera hody. 101 is detected. by this gyro sensor. 151, ar}ld, image .
stabili%gdn)iés%pél’r or%ébd(‘E gé:c%r |"1ﬁa g%ﬁne aegtcé‘étle%g résult. To hgrBDIRdlment ot

goné/?THSﬁéﬁ_és CSB‘E{%‘?ESQ%%%‘Q%Q C&g”oé 108 g&“.i{%?z whie ;gs &3¥%a 100

calculating unit for image™ stabilization. The driving control unit 152

Shabilizes,images, by driving and. controlling the mage StQQWE%\rf Mhe apove-

accordance with the position of'a correcting lens 15. To the driving control

it 152 are coppeciedtbe image stabilizels . This digital still camera

100 includes a lens barrel 1, a control unit 140, a storage
apparatus 141, an operation unit 142, a display apparatus
102, an external memory 143 and the like. The lens barrel 1
has an image stabilizer 5. The control unit 140 plays a
central role in a control apparatus. The storage apparatus
141 has a program memory, data memory, other RAM/ROM or the
like for driving the control unit 140. The operation unit
142 inputs wvarious instruction signals or the 1like for
turning the power on/cff, selecting a shooting mode,
performing shooting or the like. The display apparatus 102
displays a captured image or the like. The external memory
143 enlarges storage capacity.

The control unit 140 includes an operational circuit
having a microcomputer (CBEU}; and the like, for example. The
storage apparatus 141, the operation unit 142, an analog
signal processing unit 144, a digital signal processing unit

145, two A/D converters 146 and 147, a D/A converter 148,
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5, and a first position detector 94 and second position detector 95 which
are position-detecting units that detect the position of the correcting lens
15 by detecting the positions of two moving frames 51 and 52. In addition,
the timing generator (TG) 149 is connected to the CCD 4. Thus, when an
image of an object has been input to a_lens ?gstem 2 of the lens barrel 1

A then dnt e a8 e fofmeti’oi the'fodal flaRe GIRETES S, ah®  this

image signal thereof is oytput as an analog signal to which predetermine .
SR Chor ot ot e ARG Soha BTone G s A C 144 is

%?&essmg i carried-out

after that which is converted to a digital signal by the first A/D converter
iﬂ%%\??éreé;eggter%iré%ﬁpréce%%i{r?ag%%%rrig outtga? thieeé}aita giﬁﬁgﬁ 1, and
g&% <§:§£§§ unit 145, an autput from the first D converter 14618, . ane  of  an
Isplaye on'the glsp?ay apparatus 705 as an image coﬁespgndmg to the
leckpris stpred inan external; memoty as memary informaton. I £
%ﬁove- escr?be((igL sho%ting sEt?ate, \%v%gn a vibratlgg)r#?: Z‘La{g o{r%%égo ﬁke i%gbeut rom

applied to,the cameya ody, 107 yyth @‘f%i{ﬂﬁge glablizerdinthe, s 144 49

operational state, the gyro sensor 109 151 detects the vibration, shake or

the like-and thep outputs g detectign;signal {hersof 10 the gontrol Unit1d0., ;¢ ¢

On receipt of this, the control unit 140 performs predetermined calculation
Precessing, and quipdts a-eentral ssignal whigh controlsithe actiog pf the, i s a/p

image stabilizer 5
converter 146.

To the first A/D converter 146 is connected the digital
signal processing unit 145 which performs predetermined
signal processing by means of a digital signal supplied from
the first A/D converter 146. To this digital signal
processing unit 145 are connected tThe display apparatus 102
and tThe extesrnal memory 143, and an image corresponding to
an object 1is displayed on the display apparatus 102 or
stored in the external memory 143, based upon & digital
signal that is an output signal of the digital signal
processing unit 145. Also, to the second A/D converter 147
is connected a gyro sensor 151 showing a specific example of
a blur~detecting unit. A vibraticn, shake or the like of a
camera body 101 is detected by this gyro sensor 151, and
image stabilization is performed according to the detected

result.

To the D/A converter 148 is connected a driving control
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to the driving control unit 152. The driving control unit 152 outputs a
predetermined driving signal to the image stabilizer 5 based upon the
control signal from the control unit 140, thereby moving the first moving
frame 51 in the first direction X by a predetermined amount and moving
the second movin% frame 52 in the second direction Y by a

;. Dy . .
‘Hrédetermied mblint. This fake§ ftisossiisle t'stabiize itidgds by ©F  1mage

me nslof thg,moveme }gf the, correcting Ienst15 nd thus to f?&ain atn bil]
Sex%l:eljrenltZi'rarl]algcen.flFIG.6 i§ a Eél}f%ﬁla%raﬁ}o%o% gauéléc%nd stabllizes
fmbodiment of e, schematic confiauration of e diaital stllcamete, .o 5
proﬁaed With @n |mag% Stabilizer’s aving the abbve: ge?cribea structuré

god functions. T h{%d‘gﬁé! Stll camera .%%OA ncludes a lens harrel ]1i§‘. To the
video recor(%ng/lrepro ucm]a circuit unit 68, an mternallm%mory“ciG , a

Jidesp. signal, processing upit 162, a,di p'é‘é(n%gg%t%fe%ﬁ% aj%]%’é}gr“&':abilizer

memory 164, a correcting lens control unit 16 elens

%’?‘”%Jri‘dhaé arﬂrggge S}:]S%@U_Zﬂéi Tlagygj@@ogecgging&%progggg}gj position

circuit unit 160 plays a central role in a control device. The internal

daemary,161kas, g.program .1 10 mmemory, data memeyy, Qiiet RAMROMye oo

or the like for driving the video recording/reproducing circuit unit 160. The
vifeo Rignal pracessingrunit 162 precqsses a capireddmage ogthe Jkeng  the

into a predetermined signal. The display apparatus 163 displays a
§@§EE§@H§3%%O%W@|%@VIH%G¥%%W@§n@@oth 52. In addition, the
timing generatcr {(TG) 149 is connected to the CCD 4.

Thus, when an image of an cobject has been input to a
lens system 2 c<¢f the lens barrel I and then an image has
been formed on the focal plane of the CCD 4, an image signal
therecf is output as an analog signal tc which predetermined
processing 1s carried out at the analog signal processing
unit 144 and after that which is converted to a digital
signal by the first A/D converter 146, After predetermined
processing is carried out at the digital signal processing
unit 145, an output from the first A/D converter 146 1is
displayed on the display apparatus 102 as an image
corresponding to the object, or is stored in an external
memory as memory information.

In the above-described shooting state, when a vibration,
shake or the like is applied to the camera body 101 with the

image stabilizer 5 in the operational state, the gyro sensor
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164 enlarges storage capacity. The correcting lens control unit 165 drives
and controls the image stabilizer S. The video recording/reproducing
circuit unit 160 includes: an operational circuit having a microcomputer
(CPU); and the like, for example. The internal memory 161, the video
ﬁgéwal rocessing unit 162, the carrecting lens control unit 165, a monitor
ng Gt 68, af Amplifier “E67-8Ad thraddriterfales (1PF171 172 afigd  then
173 are conngg;ceéjcgg.this video r co@ing_ﬂ/ggpgoducir%%circuit unit

60. .
G o2 CCD 4 Afaehédts 140

FheRiid&o gignal procé’é)sr.}ngsﬁﬁi?i 2 is'Eonnected to a

he lens barre] 1, via.the amplifier 167, and a signal which, has he
oSS & et A VIS SHanE St (O Phgen D perfomms

recording/reproducing, circuit unit 160. The display apparatus 163 is
R e i Bt 100 e @ comtrol

%‘%%%!E?I %}}‘;J)%U’H%gﬁﬁ]ﬁéo’&%O”QSEFP£&6%FC&E‘ e%%é%th%gktlizez 5

face (I/F) 171, and the external memory 164 can be connected to this

£gnnaglor J68,in.g,freely detachable, magper. Agonnegting:terminal 144, yns¢

provided in a camera body 111 101 is connected to the second interface

{4b) 122 An-acceleration $enserd i vhighis aplur-deteeting poit, IS, jnage

connected to the correcting lens control unit 165 via the third interface

sWRLY A3 Hs aceeleration, sensor b Sdetectsidisplacementapplied 10 control
the camera body 101 due

unit 140, thereby moving the first moving frame 51 in the
first direction X by a predetermined amount and moving the
second moving frame 52 in the second direction Y by a
predetermined amount. This makes it possible to stabilize
images by means o¢of the movement of the ccrrecting lens 156
and thus to obtain an excellent image.

FIG. 67 is a block diagram showing a second embodiment
of the schematic configuration of a digital still camera
provided with an 1image stabilizer 5 having the above-
described structure and functions. This digital still camera
1C0A includes a lens barrel 1, a video recocrding/reproducing
circuit unit 160, an internal memory 161, a videc signal
processing unit 162, a displilay apparatus 163, an external
memory 164, a correcting lens control unit 165 and the like.
The lens barrel 1 has an image stabilizer 5. The video
recording/reproducing circuit unit 160 plays a central role

in a control device. The internal memory 161 has a program
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to vibration, shake or the like, as acceleration, and a gyro sensor can be

used as this acceleration sensor 175. To the correcting lens control unit

165 are connected: a lens driving unit of the image stabilizer 5, which

drives and controls a correcting lens 15; and two position-detecting

sensors 94 and 95 which detect the position of the correcting lens 15.

THOS I Whertah ImBGE6F dn objebERashebRintutds atlems sjdtemirsf driving

the lens barrel 1 and then an image has been formed on the focal plane .

of the 'CEB 4, BHTGE IYREPIHRTESHiS tpGt frthk Viddbidigndt0 - The video
rocessing unit 162 via the amplifier 167. A signal which has been

DHGERCeH TRES rédebined Ve aGRa S e v gigRa image or the
rocessing unit 162 is input to the video recording/reproducing circuit unit

L88°THIE S dfgrial CORBERBHAITG 1o the age b e OBRLPS RBRESTie 163

from the video recording/reproducing _circuit unit 160 to the monitor

SR o0 A B e A eRony 161 o thE exibifal TRGRAL memozy

. As a result, an_image corresponding ta.the image of the object is
% ﬁ enlarges storavte o e o %r 1 %ens centrol
Isplaye onthe dlspf)ay paraatgs 163%ia the monitor 11 c?rﬁ/ing unit

Jf6onigge %‘%@x‘?gs' n the intetnal. Q‘%m At 6%m§<5['en té‘gaegxﬁr{‘%%&“eén.ory
164 as an information signal, according to néed.n the above shooting

state, when ayjbraion, ghake gn the like is applied fo the camera body ;. 149
101 with the image

includes: an operational circuit having a microcomputer
{CPU); and the like, for example. The internal memory 161,
the wvideo signal processing unit 162, the correcting lens
control unit 165, a monitor driving unit 166, an amplifier
167 and three interfaces ({I/FY 171, 172 and 173 are
connected to this video recording/reproducing circuit unit
160. The video signal processing unit 162 is connected to a
CCD 4 attached to the lens barrel 1, via the amplifier 167,
and a signal which has been processed into a predetermined
video signal is iInput to the video recording/reproducing
circuit unit 160.

The display apparatus 163 is connected to the video
recording/reproducing circuit unit 160 via the monitor
driving unit 166. Also, a connector 168 is connectaed to the
first interface (I/F) 171, and the external memory 164 can

be connected to this connector 168 in a freely detachable

manner. A connecting terminal 174 provided in a camera body
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stabilizer 5 in the operational state, the acceleration sensor 175 detects
the vibration, shake or the like and then outputs a detection signal thereof
to the video recording/reproducing circuit unit 160 via the correcting lens
control unit 165. On receipt of this, the video recording/reproducing circuit
unit 160 performs Ggredetermined calculation processin%, aﬂpgolé outputs a

[

COhtrdF STYHAESARITH coRtrbiRth&HetBh of e ihtde stabilizér 5, t0 the

correcting lens contral unit 165. This c%n%%ctinqd Ien%control unit ]1__65 .
%n c%éierat%?a. Sensor whic ﬁf' a éa urzgetectlng
outputs a Sre etermined driving Signal "tothe image ‘stabilizer 5’base

upon the control signal from_the.video recaordjng/reproducing circuit unit_.
160 theddby “HAUTG & st MoVIng MAME BT I1He ret drechant Ky Amit 168

\P{%de%%mi%?l zﬁc@c’#{% apd.moving ?‘E;se‘:?‘)% g fsrag&% 0108 on sensor

secon irectio Yy a predetermlne amount. This makes it possible to

f%aab”i&g%@é%s 8y %E%%%R%W@ rﬁ%\f;eﬂ%@ °{§h%ﬁ8rr%%§ix§)%!§“%&§f“901 due

thus to obtain an excellent image. As explained above, according to a

£mbodiment af-an image sfabilizer of the presentipyentian, singe a diver, gyro

Is disposed at one side of a correcting lens, the image 113 stabilizer can

besmall-sized gad lightyn weight FUrthete SINCEONG-MagRRUC CIFck . 16 the

member including a magnet and a yoke serves as a magnetic circuit for a
first driver and a magneticgircuit foa second driver.the numbenofy: a2  lens

components can be reduced and an apparatus itself can be

driving unit of the image stabilizer 5, which drives and
controls a correcting lens 15%; and two position-detecting
sensors %4 and %5 which detect the position of the
cerrecting lens 15.

Thus, when an image of an object has been input to a
lens system 2 of the lens barrel 1 and then an image has
been formed on the focal plane cf the CCD 4, an image signal
thereof is input to the videc signal processing unit 162 via
the amplifier 167. A signal which has been processed intc a
predetermined video signal at this video signal processing
unit 162 is input to the wvideo recording/reproducing circuit
unit 160. Thus, a signal corresponding tc the image of the
object 1s output from the +video recording/reproducing
circuilt unit 160 to fhe monitor driving unit 166, and the
internal memcry 161 or the external memory 164. As a result,

an 1image corresponding to the image of the obiect 1is

displayed on the display apparatus 163 wvia the monitor
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small-sized and light in weight. As a result, a lens barrel in which an

image stabilizer according to an embodiment of the present invention is

installed, and the whole of an imager apparatus incorporating the lens

barrel can be small- sized and light in weight. Also, since a magnet used

for constructing a magnetic circuit member serves as a magnet for a first
Posiibid détettor bR seBdnd Podifici? defettor WhichFdetB&thB poditidyry 161
of a fjrst guide (a first moving frame 51) aénd second guide (second X
‘Movihg f?&%% 55 respbetvel)Ritther the'nufttberdt componslis cah g 1anal,

r%dlécre irlfurgper,}{teis possible to eliminate rattle caused by a gap
etwéen aShaft ang%éaring portion, because a flexible printed circuit

boardf'% bgme toa??eog-shgggdt%d re uA i\ée for%ee IS aﬁpp@e rb(—;‘Ct\:/Lveen tg%ake or
first guide and a ixed base board or Tixe borﬁon,nto which a fixed basé

board.sueh ap2 hayysi s Jixed, anglforgeg the relevant partin 2N OPUGAL. 5 prage
irecti [ ard the opfical axis

=3 1a 1
axis direction, andpgo a correctlng ens Is forced tow

regtian. Ais.a rgsulf, a ”%%@”%?%‘1%‘@%9? olds, the corregling '%B%&%Bration

e moved smoothly, and the 114 posture of the correcting lens is kept

nvariable, fierghy Lreveniing detgrigration in optigal performangs gauseoly then

by fluctuation of the posture of the correcting lens. Further, in the case

yhete adens barreljis,consirycted as acallapsiple lensand light whigh 3 4e0
has penetrated through
recording/reproducing circuit unit 160 wvia the correcting
lens control unit 165H. On receipt of this, the video
recording/reproducing circuit unit 160 performs
predetermined calculation processing, and outputs a control
signal, which controls fthe action ¢f the image stabilizer 5,
to the correcting lens control unit 165. This correcting
lens control unit 165 outputs a predetermined driving signal
to the image stablilizer 5 based upon the contrel signal from
the wvideo recording/reproducing circuit unit 160, thereby
moving a first moving frame 51 in the first direction X by a
predetermined amount and moving a second moving frame 52 in
the second direction Y by a predetermined amount. This makes
it possible to stabilize images by means of the movement of
the correcting lens 15 and thus to obtain an excellent image.
As explained above, according to an embodiment of an

image stabilizer of the present invention, since a driver is

disposed at one side of a <correcting lens, the image
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an objective lens is led to a correcting lens of an image stabilizer after
being bent by 90 in a prism, the correcting lens becomes parallel with the
ground when the posture of an imager apparatus is correct, and a first
direction and a second direction, which are the moving directions of the

correcting lens, are perpendicular to the direction in which grayvity acts.

et i Lo oV HmesTnich RUTH th cOeehiy ler=ther
ina freegl movable manner are not puIIethowar,d thf first direction or
singe gne magnetic. circuit member includlng a .magnet and a
second wecﬂon%y gravity, and it'is not necessarﬁo eavé the |ma%e

stqt{bilizergower-on all the time.in order ta_hold up the fir%t.anq:seé:ond
(S} s? ves . .as a qﬁ netic ¢C gcult %F a ﬁ{s river and a
oving frames in a direction opposed to gravity. As a result, power

Lonsumption can be. reduged greatly when capturing imageswith the, . .. ¢
et i

posture of the imager apparatus correct, and the Tength of time fo

dhg Imagerappargius,can pe ysed can bg made %‘gaﬂ\é?@@%{t@éﬁf can be

possible to reduce the thrust with which to move correcting lens, and

SN allawance far the; weight of the fiest and second maying famegn s parrel

namely a hand shake acceleration of approximately |G, is made possible,

And @, 113 shakeqf.a,camerasuch.asconsideranlg hand shakeLan e nent of

coped with. However, the present invention is not limited to a collapsible
fens systedn and needigss e, say theiprgsent; inventigncan pe applisddo or  an

a linear-type lens in which an optical axis is kept straight all the way.
imager apparatus incorporating the lens barrel can be small-
sized and light in weight.

Also, since a magnet used for constructing a magnetic
circuit member serves as a magnet for a first position
detector and second position detector which detect the
positions of a first guide (a first moving frame 51} and
second gulde (second moving frame 52) respectively, further
the number of compeonents can be reduced. Further, it is
possible to eliminate rattle caused by a gap between a shaft
and bearing portion, because a flexible printed circuit
board is bent to be U-shaped, and repulsive force is applied
between the first guide and a fixed base board or fixed
portion, to which a fixed base board such as a Dbarrel is
fixed, and forces the relevant part 1in an optical axis
direction, and so a correcting lens is forced toward the

optical axis direction. As a result, a moving frame which

holds the correcting lens can be moved smoothly, and the
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The present invention is not limited to the embodiments described earlier
and shown in the drawings, but various modifications are possible without
deviating from the gist of the present invention. For example, although
examples in which a digital still camera is used as an imager apparatus
have been e§<pl ined in the above-described embodiments, the present
ééc?, thereby

Rivention can be' Bpplicd fo°dightaPvided Santetas: Sameravaui

dersenal computers, moblls phone with 3, puilty camerg and ofier o eq 1,
Imager appgratuses a5 Well; urther, alﬁFougﬁ exar‘ﬁplres i Which Y
g'ﬁ/&%rgg j!%rglseosfarghLejsed as. a Ienggagi,?l 1 have begg expiai%%d,

needless 10 say, the preggnsf vention can e applied to four-group

'enseﬁfﬁgfﬁ%"%;at?ﬁ dz%:eco%d%l%% applied to_six; %ﬁ’é* pﬂ%%%eeslori@o%eo%%tmcted

well. It s 0 y those skilled in the art that various

Anodifications,, compinations, sybscqmpinations and ,alteraligns.may OGCs, o gh

depending on design requirements and other factors insofar as they are

Mthisthescope of the; appenqed claims orthe equivalents theregl 116, jpage

Claims™ 1. An image stabilizer that stabilizes images by moving a

509&'2?53@5!9 d8ns fg%%@pili;'}gl&i.if{}jlgegégr{nquy a @@S systemdn aﬁiﬁtsm, the
direction and a second direction which are perpendicular to an optical

@xis-at-said dens system.and, shich-arg pespengdicular t,eachtheli when the
comprising:

posture of an 1imager apparatus 1is correct, and a first
direction and a second direction, which are the moving
directions cof the correcting lens, are perpendicular to the
direction in which gravity acts. Thus, the first and second
moving frames which hold the correcting lens in a freely
movable manner are not pulled toward the first direction or
second direction by gravity, and it 1s not necessary to
leave the image stabllizer power-on all the time in order to
held up the first and second moving frames in a direction
opposed to gravity. As a result, power consumption can be
reduced greatly when capturing images with the posture of
the imager apparatus correct, and the length of time for
which the imager apparatus can Dbe used can be made long.
Moreover, 1t 1s possible to reduce the thrust with which to
move the correcting lens, and so an allowance for the weight

of the first and second moving frames, namely a hand shake

acceleration of approximately 1G, is made possible, and a
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a driver which is provided at one side of said correcting lens and which

moves the correcting lens in said first direction and said second direction,
wherein said driver has a first coil which generates thrust for moving said
correcting lens in said first direction, a second coil which generates thrust

for moving said correcting lens in said second direction, magnets which
Sk madnetic fofdEidsait fifst &il ahf said Sent ol *4Ad £yokE <an be
which supports said magnets, and a thrust-generating, portion of said_fjrst

B ShA YArust geHeFatig bBAIORTST S SedbHiFLoi Ate Tiadi fo -1 ted to

intersect each other at right angles and oyverlap, and the magnetic force
f S50 TRGHG Ts Alibd 19 AnOVeraBsed Pa of Bothitie 22y the present

thrust-generating portions in common. 2. An.image stabilizer accordin ég
e L et S bt S St o 3T 15 SoRtifbiaion an
ofg.conibination of two fl%t cocils which are Ie\{%llé/ waound and have linear

. T . L
%%rt%’gnas that are said ﬁﬁjst-sgernae%gﬁng %or ions, a Comnbination of two

lindrical call ich.h d ined thicke in.the directj f..
Sl U M1 B A PO M BN

Rottians, o a gombinaion, afsaid flaf,coil and . said cylinduical Coil. 3, An 4 s oy g
image stablilizer according to claim 2, wherein said flat coil has two coill
&@gﬁm§ﬁ%q@g§yare possible without deviating from the gist
of the present invention. For example, although examples in
which a digital still camera is used as an imager apparatus
have been explained in the above-described embodiments, the
present invention can be applied to digital video cameras,
camera-equipped persconal computers, mobile phone with a
built-in camera and other 1imager apparatuses as well.
Further, although examples in which five-group lenses are
used as a lens barrel 1 have been explained, needless to say,
the present invention can be applied to four-group lenses or
fewer and also can be applied to six-group lenses or more as
well.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may cccur depending on design requirements and

other factors insofar as they are within the scope of the

appended claims or the equivalents thereof.
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winding one coil wire; thrust-generating portions of said two coil portions
are disposed side by side; and an electric current is made to flow in the
same direction at both the thrust-generating portions. 4. An image
stabilizer according to claim 3, wherein said thrust-generating portions of
said two coil portions are made different in length, and part of said yoke
Cisdigposed on the side of a short thrust-generating portion, where a long
thrust-generating portion extends. 5. An image stabilizer according to any
one of-cldinsi a8, flrier coRfirising? a fitdttide Whfch'Gigeéssaiy moving
correcting lens in said first direction; and a second guide which guides
2 sf@ TEFS Cdfrecting Teéns iy Said ‘seEond dirdttion RS RIN-SHg efivéty 2 lens
includes a first driver which moves said correcting lens in said first ;
s ditéSion-alofg Sat® first Giftfes and #86tchd Hhiver hichiifves Baith 2 ¢ are
correcting lens in said second direction along said second guide; and said
Pfirep 8hiderias Said firstebil, alfd- ifdgné ‘dnd FhidSfoke, ardaigtysten and
secand driver has said second coil, said magnets and said yoke. 6. An
iréde SbileF BECSHIMY B cldim 5ATRertin'Said firsieuirard did

second cail are fixed to a fixed base board which supports said,correcéigg

lens fh athovable mate? by Tears 6f'said first Ylide dnd satd °° said

correcting lens and which moves the correcting lens in said
first direction and said second direction,

wherein sald driver has a first coil which generates
_thrust for moving said correcting lens in said first
direction, a second coil which generates thrust for moving
said correcting lens in said second directlon, magnets which
apply magnetic force to said first coill and said second coil,
and a yoke which supports said magnets, and

a thrust-generating portion o¢f said first coil and a
thrust~generating portion of said second coll are made to
intersect each other at right angles and overlap, and the
magnetic force of said magnets is applied to an overlapped

part of both the thrust-generating portiocns in commen.

2. An image stabilizer according to claim 1,

wherein said first coil and sald second coll are



second guide, and said magnets and said yoke are fixed to a moving

frame which holds said correcting lens. 7. An image stabilizer according to

claim 5, wherein said first coil and said second coil are fixed to a moving

frame which holds said correcting lens, and said magnets and said yoke

are fixed to a fixed base board which supports said correcting lens in a
CHibvabEmatnst by tneaRE o said fifst GUidetaifd shicFSecoRd gaiderg.ch are

An image stabilizer according to any one of claims 1 to 7, 119 wherein
LexigmaEgretsisensd ds fifdihets fof genBritihg Cthtusti giting nidgretienrust-

force to said first coil and said second coil, and also serve as magnets for
950 SitonP détectotSandta SEEBNd oSt detectditwiich H%fg’aﬂcfel colls

osition of said correcting lens in said first direction and the position in

Wg&i‘a%e@@n‘bedi@ctﬁﬁ%@?ﬁ@dﬁ%ﬁﬁ%dﬁ}a%%& lendsystem. 8-AR=ton of
image stabilizer according to claim 8, wherein said first position detector
SBF%&%%% Sétond PBSitioh detectdtiaverd first RAF eferient Bt & GecondF 2t~

hall element respectively which detect the position of said carrecting lens _,
Sfrbimthe Pobitlin of sHid maghet?, Er?&“%i%aﬁﬁs?ﬂal?ésleﬁ?eh? and $aid°c+t @nd

se%f)nd qqll %Iemerht are n‘iounted on one substrate. 10. A lens barrel
S@&mpﬁgingparrljﬁ%gge ‘Stabilizer that

3. An image stabilizer accerding to claim 2,

whereln said f£lat ccoil has two coil portions formed by
winding one coil wire; tThrust-generating portions of said
two coil portions are dispoesed side by side; and an electric
current is made to flow in the same direction at both the

thrust-generating portions.

4, An image stabilizer according to claim 3,

wherein sald thrust-generating portions ¢f said two coil
porticns are made different in length, and part of said vyoke
1s disposed on the side of a shert thrust-generating portion,
where a long thrust-generating portion extends.

5. An image stabilizer according to any one of claims 1
to 4, further comprising:

a first guide which guides saild correcting lens in said

first direction; and a second guide which guides saild



stabilizes images by moving a correcting lens for stabilizing images
formed by a lens system in a first direction and a second direction which
are perpendicular to an optical axis of said lens system and which are
perpendicular to each other, wherein said image stabilizer has a driver
which is provided at one side of said correcting lens and which moves
Cthercorrecting Hehs inSarEfirdt difsction dhdrsaid sesend 120 direction,
wherein said driver has a first coil which generates thrust for moving said
correthifig ens irtsaidl firstl dractiohT aseednd céil Whichdgerierdtes st moves
for moving said correcting lens in said second direction, magnets which
Sapply MagRetc force toBARI first coll &l sdid seBond ol larera yokena said
which supports said magnets, and a thrust-generating portion of said first
L ddiFan P H hfustdgehetatiiRfportioR bt 8/ S8eoRE cBIv dfe miledocorrecting
intersect each other at right angles and overlap, and the magnetic force
16 Shid hathets REGppied o ovetiagpedfart of Bofffthierd guide; and
thrust-generating portions in common. 11. A lens barrel according to claim
10, whetéin shid fleng Sy &fem 158 cSifapRibletiehs s§Stern inSivhfchigonets and
middle part of said optical axis is bent by approximately 90, and said ,
G r%’sgj)g%vid'i at6né'site perpendiciiarto’e S Sa+d second coil, said

magnets and said yoke.

6. An image stabilizer according to claim 5,

wherein said first coll and said second coll are fixed
to a fixed base board which supports said correcting lens in
a movable manner by means of sald first guide and said
second guide, and said magnets and said vyoke are fixed to a

moving frame which holds said correcting lens.

7. An image stabilizer according teo claim 5,

wheréin sald first coil and said second coil are fixed
to a moving frame which holds said correcting lens, and said
magnets and said yoke are fixed to a fixed base board which
supports saild correcting lens in a movable manner by means

of saild first guide and said second guide.

8. An image stabilizer according to any one of claims 1



plane formed by two optical axes of a first optical axis on the objective
lens side and a second optical axis on the image formation side in said
collapsible lens system. 12. An imager apparatus comprising: a 'Lens
barrel which 121 includes an image stabilizer that stabilizes images by
moving a correcting lens for stabilizing images formed by a lens system in
a first arétich ahd-&lsetord diréctiér tWhichtdre pépenticuldpto agenerating
optical axis of said lens system and which are perpendicular to each
L5thied and AnSragEF apiparatisicasean Shidhcsafd fehs efret iscgforednd said
wherein said image stabilizer has a driver which is provided at one side of
S&4id ¥orretting leRBAnd Whict fioVes dthe BBHBEMTy IEAS ifsdid fifst position
direction and said second direction. 13. An imager apparatus according to
b 12T witétein Raid GrTEFhak 25frst E6il WhidieGdferates ithfustiekect  the
movying said correcting lens in said first direction, a second coil which
Pgéreratds thrust formoyihg®Said tarmetiing fehs 77 $aid secdhd Hireefisr,on and
magnets which apply magnetic force to said first coil and said second
CESil, aRd & yok¥ WhicH suppons said fiaghets, ahd & thrusfigenbfathiF t L vely,
portion of said first coil and a thrust-generating portion of said second coll
rgr%ar%gag % Slﬁfeis;[ceiré%cﬁyostﬁgfnat right angles and overlap, and the

9. An image stabilizer according tc claim 8,

wherein said first position detector and said second
position detector have a first hall element and a second
hall element respectively which detect the position of said
correcting lens from the position of said magnets, and said
first hall element and said second hall element are mounted

on one substrate.,

10. A lens bparrel comprising: an image stabilizer that
stabilizes images by  moving a correcting iens for
stabilizing images formed by a lens system in a first
direction and a second direction which are perpendicular to
an optical axis o0f said lens system and which are
perpendicular to each other,

wherein saild image stabilizer has & driver which is
provided at one side of sald correcting lens and which moves

the correcting lens in sald first direction and said second
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magnetic force of said magnets is applied to an overlapped part of both

thrust-generating portions in common. 122 14. An imager apparatus

according to claim 12 or 13, wherein said lens system is a collapsible lens

system in which.-a middle part of said optical axis is bent by approximately

900, and said driver is provided at one side perpendicular to a plane
digrfiedlsy o optical axes of a first optical axis on the objective lens side

and a second optical axis on the image formation side in said collapsible

lens €)8tBf. 115.58r imaget Apparaftis aéeoldiid fo afyidne Bf tRlimyaperates

to 14, wherein said imager apparatus case is flat and rectangular, in- ‘
E{Rithtan objectieTehe of 8aidlens eystem- i disposétion firstimam first

surface; a second optical axis of said lens system is disposed in a .
ddirEétion paralfel WA °S4ld fifst mai sGiface SaRd Safdriver i$Sfispdsed moving

at one side in a direction perpendicular to said second optical axis and

S PafallGARTR Sarfrstnam durate: 123 TAGE STABRTCIZER, LENG TS which
BARREL AND IMAGER APPARATUS ABSTRACT OF THE | ,
SBRSELBSUHE An infigestabilizer that stabilizeS rags by fblingeLone o011,

correcting lens for tabilizing images formed by a Iensansgstem in a first

Adifetion and 4 '$etond ditBctior whith ards S7e =S

a tThrust-~generating porticn of said first coill and a
thrust-generating portion of said second coil are made to
intersect each other at right angles and overlap, and the
magnetic force of said magnets is applied to an overlapped

part of both the thrust-generating portions in common.

11. & lens barrel acceording to claim 10,

wherein said lens system 1s a collapsible lens system in
which a middle part of said optical axis 1is Dbent by
approximately 90°, and

sald driver 1s provided at one side perpendicular to a
plane formed by twe optical axes of a first optical axis on
the objective lens side and a second optical axis on the

image formation side in said collapsible lens system.

12. An imager apparatus comprising: a lens barrel which
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perpendicular to an optical axis of said lens system and which are
perpendicular to each other, includes a driver which is provided at one
side of the correcting lens and which moves the correcting lens in the first
direction and the second direction. Figure 1 124

includes an image stabilizer that stabilizes images by
moving a correcting.lens for stabilizing images formed by a
lens system in a first direction and a second direction
which are perpendicular to an optical axis c¢f said lens
system and which are perpendicular to sach other and

an imager apparatus case in which said lens barrel 1s
stored,

wherein said image stabilizer has a driver which is
provided at one side of said correcting lens and which moves
the correcting lens 1n said first direction and said second

direction.

13. An imager apparatus according to claim 12,

wherein said driver has a first coil which generates
thrust for moving said correcting lens in said £first
direction, a second coil which generates thrust for moving
salid correcting lens in sald second direction, magnets which
apply magnetic force to said first coil and said second coil,
and a yoke which supports said magnets, and

a thrust-generating portion of =said first coil and a
thrust-generating portion o¢f said second coil are made to
intersect each other at right angles and overlap, and the
magnetic force of said magnets is applied to an overlapped

part of both thrust-generating portions in common.

122



An imager apparatus according to claim 12 or 13,

14.
wherein said lens system is a collapsible lens system in
which & middle part c¢f said optical axis 1s bent by
approximately 90°, and
sald driver is provided at one side perpendicular to a
first optical axis on

o

formed by two optical axes of a
side and a seccond optical axis on the

plane
the obijective lens

image formation side in said collapsible lens system.
To any one of claims

15. An imager apparatus according
apparatus case 1s flat and

2 to 14,

[

wherein said imager
in which an objective lens of salid lens system
a second optical axis

rectangular,

is disposed on a first main surface;
of said lens system is disposed in a direction parallel with
said first main surface; and said driver is disposed at one
a direction perpendicular to said second optical

side in
axis and parallel with said first main surface.
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IMAGE STABILIZER, LENS BARREL AND IMAGER APPARATUS

ABSTRACT OF THE DISCLOSURE

An image stabilizer that stabilizes images by moving a
correcting lens for stabilizing images formed by a lens
system in a first direction and a second direction which are
perpendicular te an optical axis of said lens system and
which are perpendicular to each other, includes a driver
which is provided at one side of the correcting lens and
which moves the correcting lens in the first direction and

the second direction.

Figure 1
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