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

20051143358 filed 1inftherlapanese PateniOffiee onduner 7, 2PRP ards
JP 2005- 319786 filed in the Japanese Patent Office on September 2,

CcRr2065, the entire-eententszefiwhich bemng incarperated herein by
reference. BACKGROUND OF THE INVENTION Field of the Invention:

Therpresent-ipuantiamrelates 4o apimagerstahilizey swhichstakilizess1 ated to
image blurred by vibration or the like at the time of shooting; a lens barrel

Jawhichhas thedaage stalilizesranch anjmages appamtas suck as«andigital the
still camera or video camera, incorporating the lens barrel. Description of

JatherRelatepbAlnlnh recentyears, prifosmance obHan inagenaparawisss filed
such as a digital still camera and a video camera has been improved
inremsrkaklpandi beeametpossibiector anyohente easilyxhodt stild Jp 2005~
pictures and moving pictures with high image quality and with high
31éffisiendi Impraved efficiensy aofesieh BatimageCafijiaratusowgs o &ighe =z 2,
performance of an imager apparatus such as a lens, a CCD and CMOS,
20813 anhimagetgroeessing eircyit. df which being incorporated herein
by reference.
BACKGRCUND OF 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 remarkably, 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, a 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
problemuea;part ok telatively, expensive camerastisequippediwitiae 1ike can
image stabilizer capable of stabilizing images blurred by camera shake
banduthedike uphe image piekuis ridawexser, cameraadhas requirestichyibration
image stabilizer are not professional-level cameras, and it is to be
ounderstoad thahdvnage Stadilizers arerndispensalia thcoasufigiera (imager
cameras for a large number of amateur photographers with less shooting
aprperience) Fuitherhinigenetal va démandsfor smallet mndilighjers cameras high
(imager apparatuses) is strong and most of photographers like cameras
redichuaredight imweighiand easytscamy.sHowéverysiice dfvimagel ve this
stabilizer in related art is comparatively large in size, when such large
pimaderstabilizes iscmodnted lonta tamerabedy; thewhobefithe damerguipped
becomes large in size, which is against a demand for making cameras
wiinallerin sizevagd lightertin Weight. |rczpeition, imdge stablilizeisimg images
related art require a large number of components and a problem arises,
binawhiel alewst wiieanterasinsfeasasdas e nuhiber oflgomponsatgss pickup.

~increased. 2
However, cameras that require such image stabilizer are not

professional-level cameras, and it is to be understood that
image stabilizers are indispensable fo consumer cameras for
a large number of amateur photographers with less shooting
eXxperience.

Further, in general, a demand for smaller and lighter
cameras (imager apparatuses) is strong and most of
photographers like 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 require a large
number o©f 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
frequencyand usesdhesdeteatedaesidisas infermaition fen thegpreverdipn there
of image blurring, thereby preventing image blurring. This

i yibsatiohspreyesticivdevice rdesesibedir Patent Eierattirelt (hereinafter 1, for
referred to as "a first related-art example") is a vibration-prevention

edewvicedor a Taniesa gncluding: azcoutecting opticatemeehaiismy abed the one
vibration detector and a vibration-prevention controller. The correcting

reptdalmyechanism isprovigtedomsidesa terisibarreldwiding a lenswgrdepl  in 2
and deviates the optical axis of the lens group. The vibration detector

cdetacts \dbratidre applied to tellens Batrel: The vibration- prevemtiorelatively
controller prevents vibration by driving the correcting optical mechanism

1 pasediupon arsignairfrom thendbovesdescritédvibrator detsttorxrBsanlts as
correcting optical mechanism has: a correcting lens, a fixing frame, a first

1 hbfdimgfranre, £ secohdholbirrfearhneofirstahd seegwd &dilst filstand thereby
second drivers, and first and second position detectors. The fixing frame

pliggstHeledrebting slehs U FHE first hoRing frarhe Tolds thedthbéng raAfein device

such a.,, ....e that the fixing frame can be moved in the first 3
described in Patent Literature 1 {hereinafter referred to as

~+

W

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 1is provided
inside a lens barrel holding a lens group and deviates the
optical axis of the lens group. The vibraticon detector
detects vibration applied to the lens barrel. The vibration-
prevention centroller prevents vibraticon by driving the
correcting optical mechanism based upon a signal from the
above-described vibration detector. The correcting optical
mechanism has: a correcting iens} a fixing frame, a first
holding frame, a second holding frame, first and second
coills, first and second drivers, and first and second
position 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

¢ bagel iThe figstand-segond coils move e firshandseeondh kldion of the

frames in the first and second directions, respectively. The first and

1s8geongd-diyersate formeashef fiest andseconaanagnetis fielgeneraindholding
members facing the first and second coils. The first and second position

f gdetectars deteck the amoeud i which the dixiAg framenandi the first baklingan be
frame are moved in the first and second directions. And at least one of
nihefirstiand skeondemagneticifiedd geoaratingcmembers andthe fitst ansbtical -
second position detectors are provided in a fixed member including the
aseeonti helding-fraraedixed<to fie lensdareettAceordingdo the fixed to the
vibration-prevention device with the structure described in Patent
14iteratirerk ther@lcan berexpected thewffedtiveness innwhiehthe first and
vibration-prevention device can respond to vibration up to high-frequency
s ¥ilwationhwithibiut gncreasimgsthe tost aad theratgespaces Asoambthibrrections,
example of an image stabilizer in related art, there is an image stabilizer
reeperified’m Raterithiterature t2, forexamplenth Patémnteliterature 2 fthereed 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 members and the f£irst and second
position detectors are provided in a fixed member including
the second holding frame, fixed to the lens barrel.

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

As another example of an image stabilizer in related art,
there is an image stabilizer described in Patent Literature

2, for example. In Patent Literature 2, there 1s described

the one relating to a camera image blurring restrainer in



which vibration (camera shakes) of approximately IHz 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

wiiteraturen stherginafterreterreshiowass'ja secongielaiacrataxample’) to 12Hz
calculates a correction amount of deviating the optical axis necessary for

i festraining Hvagebluringion-an imragespisfacen basactuponsdetectetrera are
information on vibration applied to a lens barrel. And, according to the

d@beyedrentionede corestion=amount dhedrnage bldesing restraireming image
controls movement of a correcting optical system .supported in a floating

bImannet$p aste bebpovedavtrediametensdiyectiohuafrthedens barek camera
Regarding the support of the above- mentioned correcting optical system

it gdloating mangery dhenedresprovided aifisstchofdingHfeampantiat erature 2
second holding frame. The first holding frame supports the correcting:

(lopticdlrsyStem incsifehra enhnper that the eeroecting opliedlesystarh carbrple’)
moved in the first direction set within a plane that is perpendicular to the

copticdlads; but restricts movenentin othel difettiers tigartthat cFielcal axis
second holding frame supports the second holding frame in such a

nerEEeT tvatthe seeend hollimpeframagearr baydved inra gatohage surface,

direction that is different from tiic fir St uirection within -the above-mein
basrdd plane, bigbected information on vibration eapplied to a

lens | barreil. And, according to the abovemmehtioned
correction amount, the image blurring restrainer controls
movement of a correcting optical system supported 1in a
floating 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 flcating manner,
there are provided a first heolding frame and a second
holding frame. The first  Thelding frame supports the
correcting optical system in such & manner that the
correcting optical system can be moved in the first
direction set within a plane that 1s perpendicular to lthe
optical axis, but restricts movement in other directions
than that. The second holding frame supports the second
holding frame in such a manner that the second holding frame
can be moved in a second direction that is different from
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the first direction 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

rbeingioutof fegusratthe time ofrestraining-image-Rluting. Alsarsingg e this
correcting optical mechanism can be constructed with its size being small

sirthedirpctionof theoplicakaxdsdbgre-eam he expastadthee .
effectiveness in which a camera can be small-sized. Also, as yet another

example f@vimage stabilizeszinerelated astethpiaiisaminagestabilizesrr with
described in Patent Literature 3, for example. In Patent Literature 3,

t there is-descrineddbe ongpetating te adens diive devicaref @) opticate can be
apparatus. This lens drive described in Patent Literature 3 (hereinafter
cigfereddo agéa thirflgetatednart examplelisa lenssdrive device problem of
including: a first driver and a second driver. The first driver drives a lens
bstofage portion holding adens frea fitstialirettiorewithinia iplane thagés blurring.
perpendicular to the optical axis of the above-described lens. The second
Alldver drivés the lensestorage pedinimin a sgoondalrectioncpepeéndiculaan be
to the first direction within the plane. And, the first driver and the second
cdrivéraretaligned along an axis paraleiwih sime Opticahaxisief thie fenst6on of
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 is 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”) is a lens drive device including: a first
driver and a second 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 1lens. 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 paralliel with

the optical axis of the lemns.



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. H3d86823JPatentdliteraienes?] dapanese LublishediRaterthe structure

Application No. H3-188430 [Patent Literature 3] Japanese Published
dRatent bapplication Nen H10:3EL995 Hewever regarding thefestantbct ed the
second related-art examples, the area as regards an image stabilizer
e bEeamesclaegesin the ditectionsypeipendicdlad testheloptical axisof adrives a
correcting lens, so that there is not only a problem in which a lens device
candantimaget apparatus armimadé ddnge asd awhale imit@dso aprollemsmall-
that the number of components increases, which results in considerable
stastdncrease. Specifically, regarding the first and second related-art
examples, a fixing frame having a correcting lens is roughly formed into a
squat@zshapé, a pairtef sahwskafts dre disposed otside thd fikinhdrhme Patent
on both sides in the lengthwise direction, and a pair of pitch shafts are
Agispbsed batside theifixing fdire on both sides in the .. ... +.~Se r, pit~~.ii
Coito dth,;
{Patent Literature Z] Japanese Published Patent
Application No. H3-188430
[Patent Literature 33 Japanese Published Patent
Application No. H10~-311995
However, regarding the first and second related-art
examples, the area as regards an image stabilizer becomes
large in the directions perpendicular to the optical axis of
a correcting lens, sco that there 1s not only a problem in
which a lens device and an imager apparatus are made large
as a whcle, but alsc a problem that the number of components
increases, which results 1in considerable cost 1ncrease,
Specifically, regarding the first and second related-art
examples, a fixing frame having a correcting lens 1is roughly
formed intce a square shape, a pair of yaw shafts are
disposed outside the fixing frame on both sides in the
lengthwise direction, and a pair o¢f pitch shafts are

disposed outside the fixing frame on Lkoth sides in the

3 4 3 T + . - Tn 4 —_ A — e .
widthwise direction. Further, pitch coils are attached to



direction. Furtlhe pitch 1S are attached 7 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

pihefixing rame isisuppariad i seshh-manner that the,fbdng framneGane et ion,
move in a pitch direction with respect to this pair of pitch shafts. Also,

a Fegakding the paikiof yay shafts, bethhends dhereof ae suppartedsby the gretic
first holding frame, and a pair of housings fixed to a second holding frame

c are-fitted @agthis pais ohyaweshadtsdn a fieghe slidable manner. Further, a
pair of yaw coils are attached to the outside of the pair of yaw shafts of

the fixstholdingdrames apd eachoyawseaiklis psavided jnsisieca segond thereof
magnetic circuit made of a magnet and a yoke. Thus, by applying electric
agdrreniodhe pitch gois of the fitst mEgNEtE e, thedixingdrafieing frame
having the correcting lens is driven in a pitch direction regarding the first
i holdingbamed Also, bydpplying etestricteuntent tee thie yawcoflsafithean move
second magnetic circuit, the fixing frame having the correcting lens is
idriven ia yaw dlirestion segarding the secernd hdlding-trdame, gategrathy pitch
with the first holding frame. However, in the case of the first and second
shelfted-art A1so, regarding the 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 pair of yaw colls are attached to the outside of the pair
of yaw shafts of the first holding frame, and each yaw 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 holding frame. Also, by applying electric current to
the yaw coils of the second magnetic circuit, the fixing
frame having the correcting lens 1is driven in a vyaw
direction regarding the second holding frame, integrally
with the first holding frame.

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

examples, a structure 1s employed in which a magnet and a



examples, a structure is employed in which a magnet and a 8 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

ythose %cggat%@é%9'§9t%se%risug%magﬁer as.fo,syround gl sides ot .

the correcting lens. For that reason, an image stabilizer becomes large in

ctherdirections perpendicular tp; the-optical.axis of thecorregtinglens, o piten

hence the above- mentioned problem in which the whole of device is

aenlarged,and theynwnberof components increqses, OeHls, tRSMEDY: i ny 1ens
leading to cost increase. Also, in the third related-art example, coils of a

i first, agiuaton for diivinga sarreching lensdpaifist direction and-@taion), and
second actuator for driving the correcting lens in a second direction are

t hetheconstrusteshof flat soils whiche are wodnd to expandigra dikections; r round

parallel with the optical axis of the correcting lens. For that reason, a

aMmagsetiard aryake-for the-first agtyatarand a magnet.and aaokefor the image
second actuator are separately required, hence a large number of

scamponerts are tegiredlta fpakeithe pumber ok Pracessingeatbndicular to
assembly processes increase, which leads to a problem of cost increase.

tharthes:bhetneen e yoke fartibe fivst astiatoranddhe yoke fordhehe above-
second actuator is provided one center yoke

mentioned problem in which the whole of device is enlarged
and the number of components increéses, occurs, thereby
leading to cost increase.

Also, in the third related-art example, coils 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 cf the correcting lens. For that reason, a magnet and a
yoke for the first actuatcr and a magnet and a yoke for the
second actuator are separately required, hence a large
number of components are required to make the number of
processing and assembly processes increase, which leads to a
problem of cost increase.

Further, between the ycke for the first actuator and the

yoke for the second actuator 1is provided one center vyoke

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



which serves as a yoke for the two actuators. As a result, 9 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

+ O satlyrating the magnetig dux depsityof eachhmagnet: ker thaifeason.or the
the area of an image stabilizer becomes large in the directions

£ pegrendicylag e thejoptical.axis of thea sorrecting lense fuIsCaUBINg dhe voke,
lens barrel and an imager apparatus as a whole to be large. Also, in the

sfirstr seeond and 1hird relatedsart vexamplesy a-holding fiame whick has 8rmined
correcting lens is guided and supported in a movable manner in a first

pdiectiomand asecend ditsetion pempendicutarta-eachs othiet;candshe capable
guide supporting mechanism is formed of a combination of a shaft and a

obeanng periong eatl: farmipg:aipait With tweseitthereof cindhisncageet. For
there may be required a gap of a certain size between the shafts and

t hearingsatemailpwithe heldier frameato mowejdhereby causiag ratlecatdbe large

“time of the movement, which makes smooth movement difficult and

imakas theipesiticroofsthe eorrectiiguéns uristabié <SUMMARY. CixTHE cf the
INVENTION As described in the related-art examples, there is a problem

corwhichiwkenlactgatorsHosdrivingsaorrectidgns barrel and an imager

apparatus as a whole to be large.

Also, in the first, second and third rélated—art
examples, a holding frame which has a correcting lens 1is
guided and supported in a movable manner in a first
direction and a second direction perpendicular to each
other; and the guide supporting mechanism 1is 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
required a gap o©f a certain size between the shafts and
bearings to allow the holding frame to move, thereby causing
rattle at the tTime of the movement, which makes smooth
movement difficult and makes the position cof the correcting
iens unstable.

SUMMARY OF THE INVENTION

As described in the related-art examples, there 1is a

problem in which when actuateors for driving a correcting

o~
1

lens 1n & first direction and in a second direction

10



iens in a first direction and in a second direction 10 perpendicular to the
optical axis of the correcting lens are provided separately from each
perroiRersahdthose deisatorstareadisposet! in fheWignigostthe comectifgis are
lens, an image stabilizer becomes large in the directions perpendicular to
PTOVIREDpHGH akis"6lilie E8vECtingIENs Hiirenlargihg the Sfhal€epfiicors are
device. Also, there is a problem in which when a magnet and a yoke are
dispie@ssaly foréach aekiatsry attarges umberarsaris hay b8 fequited, 1mage
and so the number of processing and assembly processes increase,
stableadifg toGostiRéredse: §RIn atirst A§pett 6Fthe iAvENtiGT tReRBCLar  to
provided an image stabilizer that stabilizes images by moving a correcting
the RINsYGRstabiliziRg MragelorAeERF A iés syietn inE st BReétohasy the
.. asecond direction which_are perpendicular to an optical axis of said lens
w0 lgyStent afid Whictare getpendiciiar So Back oftef, riding’ i Giverien a
which is provided at one side of said correcting lens and which moves the
magNTHrré&thg lenSintsaiiist YRetiSH aNd S48 sE&0Hd dRectiGi Oherdin +2rge
said driver has a first coil which generates thrust for moving said
PUMbA rretingHérs in sdid first tirecliGi & Second Toff which gehératds®igsd  ©f
for movin%]ggid ggrrgctiqu 1123 lens in said second directioyéglc?iqggts

proc?’\%sz moL rocesses lncrease,

5 SSe £
|cﬁla-ppy magnestlc O cost

increase.



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 of said second coil are made to intersect each
other at right angles and oyerlap, and the magnetic force of said magnets,
K hblied 3tart SV apped part B BB the A tst-GRREfating poftoRe e
. common, |n a second as ect'.O%f the angntion,gh%re i%g_\gg\lgideg aclgggectin
imagen g 8eompiiding: ahimage: Stabifizsr that Stabilizes “Images by moving &~ = 2
lens gorrectingbl%[is for stahilizin im%%gs %‘18rr%ed t%y %ens% stem in a first

iréctionand-a seténd” diréction Whic areyperpené}(szula toan of)ﬁca% sLret

. axis of said lens system and which are perpendicular to each other, . .. .
S A e
.. 0ofsaid carrecting len d whi ves the correct g; gsig icLfirst 515
OleC&i:rLecﬁéﬁ %naéa%aslé%oar% g\llgrec%tt%%l,%/vﬁe%%ﬁ sg?gl(ﬁll%ver Eas a?i%%!% coll cusar
co caiiichgrnerates byst for moving eaid correpfingensin saidfitshy o¢ one
irection, a 'second coil which generates thrust for moving said correcting
side 1S 'E_%?!:?' segond direction; magnets whigh:apply.magnetic, force.o,5aid ; g
first coil and said second toil, and a yoke which supports said magnets,
lens 2092 thuist-generating portian (of said first coi and a theugt-genesating-« 5 o,

portion of said second coil are made to intersect each other at right

whercangles; [2a and: querlapand thesmagpeticforce pf said magnets isapplied-ust

th

or moving said correcting lens in said first direction, a

ks

second coil which generates thrust for moving said correcting



to an overlapped part of both the thrust-generating portions in common.
In a third aspect of the invention, there is provided an imager apparatus _
lens compAsing: sSrRASarréfvkich %ﬁiﬂudé@aéf’il%égé“%ﬁﬂize?rm?;ystéﬁl%@tlc
images by moving a correcting lens for stabilizing images formed by a W
forcelgdLsysandtin Bifit diréction ahd a $éeondfifection which-arénd & Yoke
~_perpendicular to an_optical axis of said lens system and which are .
whichpeBEAicHar fPedchGtRBraTd aftifager apparatus’Case i whieh 544 t1°n
lens barrel is stored, wherein said image stabilizer has a driver whichis
of  sovided s oné Side of Baid BorrethiHg lerfCRTd Awtich moved g °f  said
correcting lens in said first direction and said second direction, According
secong JRembédimeREsantitays stbifser, aefje??é BarréiTand animager 2119+es
. _apparatus of the present inventjon, a driver which.moves a correctin .
2SR5 ditectiohs  FerpRRAILEIAY fo e Siic axis'of 41878 Syetohris- PP1 e
, rlngroviq:e at one side %f the.c rrec}%{:]gnhegs and so the number of . .
te @ o%%bﬁ istca b%ar%dugerd, aﬁ& e'lens barreland the |mag"érg o
in cc}%%oaratus can be small-sized by reducing space for the driver. BRIEF
SCRIPTION OF THE DRAWINGS FIG. 1is a perspective view

%nggt?gs%éig%f%bs%g%@rmo of %g%nnst;%a%%ﬁsatdi%@r@efge%epévided 2

8]

S

invention, as seen om the S a perspective view of the
lens l%naic’rq:%"iel %@%\%Qinsing: an image stabilizer that stabilizes

images by moving a correcting lens for stabllizing i1images
formed by a lens system in & f£first direction and a second
directicon which are perpendicular to an optical axis of saild
lens system and which are perpendicular to each other, wherein
said image stabilizer has a driver which 1is provided at one

side of saild correcting lens and which moves the correcting

Hh

lens in said irst direction and said second direction,
wherein said driver has a first coil which genérates- 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 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 ceoil and a thru

.

t-generating portion of said

second coil are made to intersect each other at right angles



FIG. 1, as seen from behind; FIG. 3 is a front view of the lens barrel
shown in FIG. 1; FIG. 4 is a rear view of the lens barrel shown in FIG. 1;
and oEE; BB a lRftSideelevabomd view of e |eds bakrél BRewATs Fi. gpplied
FIG. 6 is a right side elevational view of the lens barrel shown in FIG. 1,
to arF|@Veslapratvied of thelensebarrel SBRoii i FIG S BIMGE Big @ bbRiémi ons
. view of the lens barrel shown in FIG. 1; FIG. 9 is an M-M line sectional
11 COfEwTof 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 is an exploded _
ﬁérsﬁec?ibé%vﬁépﬁféqe% bafel SRR e, 1-FFES12 & &foviced an
_ explanatory diagram for explaining a lens system of the lens barrel shown
imagsh FREOPETEIE3 SHBRS - fifst emBodifieht St ifagéstabilizercLludes an
‘ according to the present invention, as seen fromi the front; 13 FIG. 14isa |
AMagEEFSFECive Afidw 'Of fie rale Stabffider- BRGGEH iR FIECY3 S SedrfRomctine
behind;

lens for stabilizing images formed by a lens system 1n a first
direction and & second direction which are perpendicular to an
optical axis o©f said lens system and which are perpendicular
to each other and an imager apparatus case in which said lens
barrel 1s stored, wherein szsaid image stabilizef has a driver
which 1is provided at one side of sald correcting lens and
which moves the correcting lens in said first direction and
said second diresction.

According to an embodiment of an image stabilizer, a lens
barrel and an imager apparatus of the present invention, a
driver which moves a correcting lens in directions
perpendicular tec the optical axis ¢f a lens system is provided
at one side of the correcting lens, and so the number of
compenents can be reduced, and the lens barrel and the imager
apparatus can be small-sized by reducing space for the drivsr.

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

cf a lens barrel acccrding te the present inventicn, as seen

12b



FIG. 15 is a plan view of the image stabilizer shown in FIG. 13; FIG. 16 is
a front view of the image stabilizer shown in 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 viewr showing a first moving frame of the image stabilizer in
FIG. 13; FIG. 20 is an exploded perspective view showing a coil

assembly bpdy smagpetssyd-a yoke of the igmgersiabidzer Bafke113hown in
FIG. 21 is a plan view in which a coil assembly body, magnets and a yoke
rofthelimage stabilizershowe i htG. 13 are enlarged; FIG. 22 is a front
view in which a coil assembly body, magnets and a yoke of the image
stabifizer. showrsind|&rd3tareienlarged s RKS. 23ns aplanlevesbowinda FIG.
second embodiment of a coil assembly body, magnets and a yoke
taccording to an image stabilizer of the present invention; FIG. 24 is a
perspective view showing a third embodiment 14 of a coil assembly body,
a maghet add a yoke aecordmmg<de anfimage siabibzeraf the prelsent: in FIG.
invention;
1
FIG. 5 1is 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 the lens barrel shown in FIG.

FIG. 8 is a bottom view of the lens barrel shown in FIG.
1

FIG. ¢ 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 is an exploded perspective view o¢f 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

3 R 5 [ T T g
according to the present invention, as seen from the front;

13



FIG. 25 is an exploded perspective view of the coil assembly body, the
magnet and the yoke shown in FIG. 24; FIG. 26 is an exploded
perspective view showing a second embodiment of a lens barrel
according to the present invention; FIG. 27 is a perspective view in which

a sepond embogdinent ekan jfaaga stabilizeracearding-o the:presemtabilizer
invention and an apparatus cover thereof are seen from behind; FIG. 28
sh®an assembled perspestive-viewrafdhe lyange ostabilizer and the
apparatus cover shown in FIG. 27; FIG. 29 is an exploded perspective
viewrafdhe irmage stahilizet anddhe appatstus ecues shewnin FI6r2Ehown in
FIG. 30 is a perspective view showing in an exploded manner the image
rstabilizer shown in FIG. 27; FIG. 31 is a plan view of the image stabilizer
shown in FIG. 27; FIG. 32 is a front view of the image stabilizer shown in
FIG.FE27; FIG633 is a left side elévational view dinthgémagebstabiizer shown in
shown in FIG. 27; FIG. 34 is a plan view in which a flexible printed circuit
Fbdard 8f the image stabilizer shown in FIG. 27 is 15 bent upward; FIG. 35
is a front view in which a flexible printed

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. 18 is a perspective view showing a first moving
frame of the image stabilizer in FIG. 13;

FIG. 20 1is an exploded perspective view showing a coil
assembly body, magnets and a yoke of the image stabilizer in
FIG. 13;

FIG. 21 1s 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 wview 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 beody, magnets and a yoke according te an image

stablilizer of the preseﬁt invention;

FIG. 24 is a perspective view showing a third embodiment

14



circuit board of the image stabilizer shown in FIG. 27 is bent upward; FIG.
36 is a left side elevational view in which a 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

oF1G. %BiEL'Gas?@éﬁ@ﬂo'Hd’%’y of a,coil-assembly body, pecarding9ithg to an

image stabilizer shown in FIG. 27; FIG. 39 is a left side elevational view of

iRcpl assemblyody-accerding ta dhe imags, stabilizgr shown in FIG. 27;
FIG. 40 is an exploded perspective view of a coil assembly body

according topthe image stabiligebsReownda HGe A% H4G. Alds aRf the coil
assembled perspective view of a coil assembly body according to the

a ¥page stahilizer shews infdee R G RIG: ¥R is/apersprakive view ot a yoke
and magnets according to the image stabilizer shown in FIG. 27; FIG. 43

is a froat.view schematiealy: explainig-the- effects of theybiasthgiferceofsecond
a flexible printed circuit board on the image stabilizer shown in FIG. 27;

erlbddGndd4s adeft sigle elevationsd viewl schematically. cexptainingthe present
effects of the biasing force of a flexible
invention;

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

FIG. 28 1s an assembled perspective view of the image
stabilizer and the apparatus cover shown in FIG. 27;

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

FIG. 30 1is a perspective view showing in an exploded
manner the imagé stabilizer shown in FIG. 27;

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

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

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

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

circuit beoard of the image stabilizer shown in FIG. 27 is
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printed circuit board on the image stabilizer shown in FIG. 27; FIG. 45is a
plan view of a modified embodiment of a 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

bgg@rqlg%c%rggng to the image stabilizer shown in FIG. 34; FIG. 47 is a
plan view showing the image stabilizer in FIG. 31, in which a flexible

printed gircujtboard is bent dawnward: FG. 48s a,front view showing 5 - i nted

the image stabilizer in FIG. 31, in which a flexible printed circuit board is

cpent, dowgward; FIG. 49,is ailgll side slgyationalview showingitherimagez? ;s
stabilizer in FIG. 31, in which a flexible printed circuit board is bent

bggwn@ﬁ%g;rﬁlg. SO is a front view schematically explaining another
example of the effects of the biasing force of a flexible printed circuit

boargon theyknage stabilizer shoywiin FIG 31t EKp.Al ivadeft side which a
elevational view schematically explaining another example of the effects

£ ok therbiasipgs A7 derce of adlexiie printeskcircul boarden thebnageer shown
stabilizer shown in FIG. 31;
in FIG. 27 is bent upward;

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

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

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

FIG. 40 is an exploded perspective view cf a coil
assembly body according to the image stabilizer shown in FIG.
27;

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

FIG. 42 is a perspective view of 2 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;
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FIG. 52 is a plan view of another example of the arrangement and
structure of an electric actuator according to the image stabilizer shown in
FIG. 31; 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-electrig actuator, aceording fgythedmage stabilizer shawn KRG 585 ca11y
FIG. 55 is a plan view of an electric actuator according to the image

e sabilizer showm in RIGs 83+ EIG: b6 iga frentadew of an electrigactater e xibie
according to the image stabilizer shown in FIG. 53; FIG. 57 is a left side

peleyatianal view of an elpelric, actuator agsguding-todhe image stabjlizer n ric.
shown in FIG. 53; FIG. 58 is a perspective view of a coil assembly body
2agcording to the image stabilizer shown in FIG. 53; FIG. 59 is a
perspective view of a yoke and magnets according to the image stabilizer
showrT . FIG553;F1G. 6flisran exploded perspective view shoviagdaeitst of a
embodiment of an imager apparatus according to the present invention,
f applied to a digitat still camera: FiG. Gbisra perspestive wigw inavhieha image
digital still camera according to a first embodiment of an imager
sapparatusof tiecpresént iRZentiokéis seen from the front, 18 and an
objective lens has been closed by a lens cover; FIG. 62 is a perspective
viewhid Whiché digitad stileft side elevaticonal 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. 21, in which & 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 board is bent
downward;

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

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

FIG. 51 is a left side elevational view schematically

explaining another example of the effects of the Dbiasing
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camera according to a first embodiment of an imager apparatus of the
present invention is seen from the front, and an objective lens has been
exposed by opening a lens 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

sshown inFIG. 6F; EIG165is 8 blogkdiagram foriexplainingithe,eontrgle  image
concept of an image stabilizer according to an embodiment of the present

s invention,H1G:166,i8 a:bloek diagsam showing a first embodiment of the
schematic configuration of an imager apparatus according to the present

invention; angFIG.67 is aplock diageam shewing agesendambediment £ the
of the schematic configuration of an imager apparatus according to the

apresenbiwventiah PESCRIFUEN QF THE BREFERRERctuator according
EMBODIMENTS A driver is arranged at one side of a correcting lens and

t thecgyivermagvessthercorrecting densvin a firsk direction and a second
direction, and so an apparatus for stabilizing images can be small-sized;
and anmanage: siabilizes atenshasretaod angmagenhapparaitiscalénddt of an
obtained in which the correcting lens can be moved swiftly and surely in

i thefirsedisectiohzand thecsecondglirestione present invention;

FIG. 54 1is 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 actuater according
to the image stabilizer shown in FIG. 53;

FIG. 56 is a front vwview o¢f an electric actuator
according to the image stabilizer shown in FIG. 53;

FIG. 57 is a left side elevational view of an electric
actuator accerding to the image stabilizer shown in FIG. 53;

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

FIG. 59 is a perspective view of a yocke 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 still camera.

FIG. €1 1s a perspective view in which a digital still

camera according te a first embodiment of an imager

apparatus of the present invention is seen from the front,
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with a simplified structure. Hereinafter, embodiments of the present
invention are explained referring to attached drawings. FIGS. 1 to 67 are
figures for explaining embodiments of the present invention. Specifically,
FIGS. 1 to 12 show a first.embodiment of a lens barrel according to the

ax‘?&e%‘%?té’i:‘fé‘&??v'é'cie%??a L%%%%'VS%%%S‘?SE%”Q”ILQF 5Tk EIG. 2

IS a perspective view seen Ind; FI is afront view; FIG. 4 is a

rear yiew; R}G. 915 aa'7§| "caﬂ‘.’i"i}%“a\? vigw:H G, £43.4 right ?tal still

elevational view; FIG. 7is a pan view; FIG 8 is a bottom view; FI

MM "%‘%:ée%?ﬂ%%‘ view of EIG. 5; FIG. 1Qi5anN:N line SS%“O%H imager

view of FIG. 3; FIG. I1 is an exploded perspective view; and FIG. 12 is

agp£xplanatary diagram oL adens sysiemkIGS. 13 1@ 22, 3heWafirghe  front,

embodiment of an image stabilizer according to the present invention.

aflG. 43 '%%3%%@@%@'@%%’\’ efdls ag,aeen f&éﬁé@ggmb@Goééﬂ%ﬁg a lens
perspective view of it, as seen from behind; FIG. 15 is a plan view; FIG.

«4d6ds a front view; 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;EIG.c20 isan: explogded parspective ey shewingsa ¢oit assembly shown
body, magnets and a yoke; FIG. 21 is a plan view of a coil 20 assembly

i hogy @ndhe like; and FIG. 22 is likewise a front view. FIG. 23 is a plan
view showing a second embodiment of

FIG. 64 is a plan view of the digital still camera shown
in FIG. &1y

FIG. 65 is a block diagram for explaining the control
concept ©of an image stabllizer 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. &7 is a block diagram showing a second embodiment
of the schematic configuration o¢f an imager apparatus
according to the present invention.

DESCRIPTION OF THE PREFERRED EMBCDIMENTS

A driver is érxanged at one side of a correcting lens
and the driver moves the correcting lens in a first
directicn and a second directiocn, and so an apparatus for
stabilizing images can be small-sized; and an image

roq o

stapilizer, a lens barrel and an 1imager apparatus are
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a coil assembly body, magnets and a yoke; FIG. 24 is a perspective view
showing a third embodiment of a coil assembly body and the like; and
FIG. 25 is likewise an exploded perspective view. FIGS. 26 to 59 show
other embodiments of an image stabilizer of the present invention. FIG.

o283 A0 exploded ;perspeative y @%Etﬁ%i@ige V%eé%"’%%ﬁmz?_c?diﬁﬁ% S AWice1y

image stabilizer; FIG. 27 Is a perspective owing an image

afipolizer %?d ap apparatus,.coverthereaf; seenfrom Ihe, ronb HG. 28 Secrion

an assembled perspective view of an image stabilizer and an apparatus

w oyer aggn@gi 2945 ap, exploded perspective view of an image stabilizer

and an apparatus cover. FIG. 30 is an exploded perspective view of -an

Jimage.stabllizer, HIG. 3Lis aiplanview thereol, FIG, 32 is.a frontydew s o are

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

e%ﬁﬂ‘é%ﬁ%\ﬂif‘g@%% 'oeostgt&gf@lgg?(iglgammg%@_circyit@gardi FG. 357 zre
is a front view thereof; FIG. 36 is a left side elevational view thereof; FIG.

£ B4s aplan vieykofian gleclicasiuatohdrlts 3Fisatoptewdheregiention.
and FIG. 39 is a left side elevational view thereof. FIG. 40 is an exploded

sperspective 1vew ofragoil assembly body; &G A1 1S aferspective Mgt  of a
of a coil assembly body; and FIG. 42 is an exploded 21 perspective view

16h pagnetsand ayekaibls .43 israsfrgitadew of andmage stabilizere. 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. 4 1is a rear view; FIG. 5 is a left side elevatiocnal
view; FIG. 6 1is é right side elevational view; FIG. 7 1is a
plan view; FIG. 8 is a bottom view; FIG. ¢ is an M-M line
secticonal 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 a2 lens system.

FIGS. 13 to 25 show a first embddiﬁent of an image
stabilizer according to the present invention. FIG. 13 1s a
perspective view of it, as seen from in front; FIG. 14 is a
perspective view of it, as seen from behind; FIG. 15 is a
plan view; FIG. 1€ is a front view; FIG. 17 is a rear view;
and FIG. 18 is an exploded perspective view. FIG. 192 i1s 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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explaining the repulsive force of a flexible printed circuit board; and FIG.
44 is a left side elevational view thereof. FIG. 45 is a plan view showing a
first connection state of a 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 shqwing a second_connggctign state of a flexible
a%ﬁﬁfté%léﬁrc%ﬁ%éa?& IE;%“‘:’AB(i iJs‘]%fgﬁona'[r%/cigt)avé1 ﬁ:ﬁse‘reo%gar:lL F%%@J 5K left LORT
side eleyational.view thereof. FIG. 50 is a front view similarly, explainin
VR rep 6 frte of TR I A GG Bard, ST eIt o RniaRent of
side eElpvationaI iew thereof. FIG. 52 js a plan,view showing difi .
D e i e A LIRSS LM S o

p“a’i%"’s%%%oc"{i—fr‘g_a%P:{rgwemgg%i&%%o‘cé‘” 9&?“%%%%‘%%?4 S8 o coil

i
perspective view showing a second embodiment of an electric actuator;

2E52epa b apianviedhetael FIG 08 s aflonyiew heeohand I8 3%e  an

isa de elevational view thereof. FIG. 58 is a perspective view of a

eggii 33%‘%{“9@1}%‘%9%@5}95'% 29 is a perspective view of magnets and a
yok 601

e. FIG.'60 is'an exploded perspective view of a digital still camera

shov%i@@.@_firsggmb&gimggt 0&&8%%@%&?%&%&%@5@99 tg_fhean image

present invention. FIG. 61 is a 22 perspective view of a digital still
seggfﬁifﬁfnégn%ﬂ¥3present invention. FIG. 26 is an exploded
perspective view showing a second embodiment o©f an image
stabilizer; FIG. 27 is a perspective view showing an iImage
stabilizer and an apparatus cover thereof, seen from the
front; FIG. 28 is an assembled perspective view of an image
stabilizer and an apparatus cover; and FIG. 29 is an
exploded perspective vwview of an image stabilizer and an
apparatus cover. FIG. 30 is an exploded perspective view of
an image stabilizer; FIG. 31 is a plan view therecof; 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 o¢of a flexible printed circuit board; FIG. 35 is a
front view thereof; FIG. 36 is a left side elevaticonal wview
thereof; FIG. 37 is a plan view of an electric actuator; FIG.
38 1s a front view thereof; and FIG. 3% is a left side
elevational view thereof. FIG. 40 1s an exploded perspective

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

of a coll assembly bedy; and FIG. 42 1s an exploded
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front; FIG. 62 is a perspective view in which an objective lens is exposed
by moving a lens cover; FIG. 63 is a rear view of the digital still camera;

and FIG. 64 is a plan view thereof. FIG. 65 is a block diagram explaining
the control concept of an image stabilizer according to an. embodiment of

pihepresentinventon;ddG. £6:is adlaeck diagameshowing a first
embodiment of the schematic configuration of an imager apparatus

according to the prasentinvention: angikls. 67ds aplockiiagranstabilizer,
similarly showing a second embodiment of the schematic configuration of

efpimagengppalatuse FiGS: ¥40 13 show first embodimentof antess circuit
barrel of the present invention. This lens barrel 1 includes a lens system

b2zadarrehbBodyr3,.animaper 4, arsifmage stabitizery Stanshthe likesthehereof.
lens system 2 has five-group lenses in which a plurality of lenses are
Faispoged on the same optical sxisdintheabafteldbodydhsupportsthetate of a
lenses of this lens system 2 in a fixed or movable manner. The imager 4
f ise fories] of@niimager devieesich as@CED i OB arrangsed ore@n image
optical axis L of the lens system 2 and is fixed to the barrel body 3. The
sivaige stabilizerdnis attdched tthe hamel bedy 3 andistakillzessimagesl view
of the lens system 2. As shown in FIG. 12, the lens system 2 of the lens
thamelkfis cdfistructed assa eollapsiblevienw havimg ke colfapsiiglens 2 second
system formed of five-group lenses 7 to 11 23 in which five lens groups
caredisposed ot thiessante @pﬂééﬁxiblé 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 elevaticnal view thereof.
FIG. 52 is a plan view showing a modified example of an
installed state of an electric actuatecr; FIG. 53 is a plan
view showing a third embodiment of an image stabilizer; T[IG.
54 is a perspective view showing a second embodiment of an
electric actuator; FIG. 55 is a plan view therecf; FIG. 56
is a front view thereof; and FIG. 57 1is a left side
elevational view thereof. FIG. 58 is a perspective view of a
coil assembly body; and FIG. 59 1is 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 1imager

- - S
apparatus according
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axis L. Of the five-group lenses 7 to 11, first-group lens 7 positioned at
the front end includes: a first lens 7A which ‘is an objective lens that is to
face an object; a prism 7B which opposes this objective lens 7A on the
opposite side to the object; and a second lens 7C which faces this prism

pdBspEhe pism7R:is formed ofa fiangulag prism Whose €40Sssseetion isom  the
shaped to be an isosceles right triangle; one of the two sides which are

£ adiacenttopach.other and gotationally displaced by 90ys.faced by e sective
objective lens 7A, and the other side is faced by the second lens 7C.

1 Specificallyxregading thergollapsible lens.systesw ot thisrcollapsibleilenss rear
the optical axis L of the lens system 2 is bent into an angle of

v apRroximately 90 bydhe pdsa 1B cAeserdingly,a firstoptical axisd Iig set view
on the side of the first lens 7A that is an objective lens, and a second

+ pptiealmXisHiZis set on thessidelefdhe tnagern (irage sfoastsing side) control
that is in a direction perpendicular to the first optical axis LI (in a direction
cetieibinterseats thefirst epiidal axisdt akananglenaf 90). As regasdsithient of
first-group lens 7, light passing through the objective lens 7A enters the
tipasmre from aner surface; T light dsthen reflécted@n direfleetingshowing a
surface inclined 45regarding the first optical axis LI and so is made to
f Adyanceainoal dmectioncthat ischent byr®: 124 Subdeguently ithe light an imager
passes through the second lens 7C _
apparatus according to the present invention; and FIG. 67 is
a block diagram similarly showing a second embodiment of the
schematic configuration of an imager apparatus.

FIGS. 1 to 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 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 is
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 stabililizes images of the lens system 2.

As shown in FIG. 12, the lens system 2 of the lens

barrel 1 1s constructed as a collapsible lens having a

collapsible lens system formed of five-group lenses 7 to 11
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after being emitted from the other side; and eventually advances toward a
second-group lens 8 along the second optical axis L2. The second-group
lens 8 is a combination of a third lens 8A and fourth lens 8B, and is
constructed in such a manner as to be movable on the second optical

1 @Xig 2 LightRassingdhropgh the seeoNdrpuR RNSEheMBES &ame  optical
third-group lens 9. The third-group lens 9 is formed of a fifth lens fixed to

a2 ihe barrel bedy 3. Behind thedhigd-proup lens Sis provided-a foutygfoupens 7
lens 10 formed of a sixth lens. Between the fourth-group lens 10 and the

pdkd-grunlens 9tisprevided an.ids meeharisy: 12:capabia ofiadjestg  which
the amount of light which passes through the lens system 2. The

1 fousth-areypdens, 40 isconstibeted i sueh maanenaste; beqmovableroisn 78
the second optical axis L2. Behind the fourth group lens 10 is provided a
whifthrgropp tenssl k formedrof ec seventhdenrs T2A andidfa cosrestingdenside to
15 described later on. Of the components of the fifth-group lens 11, the
r sevenh dens; LA is fixeddadhel bareldbotly 3ytieicofrecting lens<5dsism 7B.
provided behind this seventh lens 11A in a movable manner, and further,
TRLGIX {inagen 4 is pihvidestbebind dhetcoreenting densidsi Jhe whose cross
second-group lens 8 and the fourth-group lens 10 are movable in the
sdiredtion dfsheoptieal axis indepandénths 25land segaratetyralengthe one of
second optical axis L2. By moving
the two sides which are adjacent to each other and
rotationally displaced by 90° is faced by the objective lens
74, and the other side 1is 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 iIs an objective lens, and a second
optical axis L2 is 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°7).
As regards this £first-group 1ené 7, licht passing
through the objective lens 7A enters the prism 7B from one
surface. The light 1s then reflected on a reflecting surface

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

made to advance in & direction that is bent by $0°.
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the second-group lens 8 and the fourth-group lens 10 in predetermined
directions, zoom adjustment and focus adjustment can be performed.
Specifically, at the time of zooming, by moving the second-group lens 8
and the fourth- group lens 10 from wide to telephoto, zoom adjustment is

seauied.Qul Nso, atibe ﬁi’i?‘rﬁ!f ssings by moyingrthe aurthegronp leps 7C
LiO fi%%\2 widﬂ% telephoto, ocus%gdjustrsnent canml%ltcarried out. The CCDI\lS

a fis fixeddo a,CCl) adaptor andig attaghedton the batrgbbody 3Py Meansuaily
of this CCD adaptor. In front of the CCD 4 is provided an optical filter 14,

adhghetween dhis raptical filter d4anghibeseventislens 11A isprovidad theecondg

image stabilizer 5 having the correcting lens 15. The image stabilizer 5

ofhatds latendescribed indetaib iscfor -sialilizing pickeg-upsimagesdimages)on of

blurred by vibration of the lens system 2 or the like. In its normal state,

a then cedectisgdensal S dnstalledsuch éhat theroptieabaxis theseef ructed in
coincides with the second optical axis L2 of the lens system 2. And when

sivage iskitred anthedoeusing planeobthe 3D Leawing topvliration afcis 1.2.
a camera body or the like, the image blurring on the focusing plane is

L stabtlizesklys thegmage- stabiizet bavhigbanovesatheueorrgetiing lehs Eminers =2
two directions (a first direction X and second direction Y) perpendicular to
t ther seconslgpticah 26axis L2.

The third-group lens 9 is formed of a fifth lens Zfixed
to the barrel body 3. Behind the third-grcup lens & is
provided a fourth-group lens 10 formed of a sixth iens.
Between the fourth-group lens 10 and the third-group lens 9
is provided an iris mechanism 12 capable of adiusting the
amount o¢f 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. Behind the fourth
group leng 10 is provided a fifth-group lens 11 formed cf a
seventh lens 112 and of a ccrrecting lens 15 described later
on. 0f the components of the fifth-group lens 11, the
seventh lens 112 is fixed to the barrel body 3, the
correcting lens 15 1s provided behind this seventh lens 11A
in a movable manner, and further, a CCD {imager) 4 1is
- provided behind the correcting lens 15.

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

movable in the direction o¢f the optical axis independently
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As shown in FIGS. 1 to 11, the barrel body 3 holding the lens system 2 of

the above-described structure includes: an upper barrel 16, a middle

barrel 17 and a lower barrel 18 which are combined and assembled by

arranging one on top of the other in an up-and-down direction. The upper

barrel 16 is formed of a case having an opening window 19 provided in ,
3Tfe GFPETGATE a¥ the B ahtl anUperiy pHBVitEdin A TBwkfsurtase, moving

To the opening window_19 is aftached the objegtive lens 7A of th .
et GRRFIERS TO4Rd By Aidars of ipah&FoL AIAEHEA 6 Giebfrohees 10 40

surface thereof, the gbjective lens 7A is attached ta the upper barrel 16.
PTAGI66 THE UVpbr befich 2651 EARed the Britm 76 BAGUIIBON e adr  £o°uS

urface of the objective lens 7A wit aliggt-shiel in ate 22.in between
2QhaThe SBtond” nC§D7C %\}f? & %%'the v?grls%lrf’gic@&'thig%risr%%;lme ot

Further, inside the upper barrel 16 is provided a first moyable <?ol in _
Zcf)r%nrlnlen% v%}ﬁhr?s?gﬁﬁp orttt)e% in Saerﬁg\r/%algrr%% neir@iﬁ?he)édirae% |or11%§raﬁe?urth
P

with th secong ptical axis L2 of the len em 2 extended | gﬁa .
S BP0 e 0 e S .

p-and-down direction of the barrel ho ing

o823 sprovided ahvoyghirol wiigh penetiales n e UBENAOND, e

direction, and the second-group lens 8 is fixed to the e. This

(IR IBEED s Coey st s AN RlaP oo
a§¥ﬁ§¥ﬁent 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 adaptcor. In front of
the CCD 4 is provided an optical filter 14, and between this
optical filter 14 and the seventh lens 11A is provided the
image stabilizer 5 having the correcting lens 15. .The image
stabilizer 5 that 1is later described in detail is for
stabilizing picked-up images (images) blurred by vibration
of the lens system Z or the like. 1In its normal state, the
correcting lens 15 is installed such that the optical axis

thereof coincides with the second optical axis L2 of the

lens system 2. And when image is blurred on the focusing

?'f ane of the

Q

CD 4 owing to vibration of a camera body or
the 1like, the image blurring on the focusing plane is
stabilized Dby the image stabilizer 5 which moves the
correcting lens 15 in two directions (a first direction X

and second direction Y) perpendicular to the second optical
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system 2 within a predetermined range, by means of a zoom driving
mechanism 24 attached to the upper barrel 16. The zoom driving
mechanism 24 includes: a zoom motor 25, a feed screw shaft 26
provided as a rotary shaft of this zoom motor 25, a feed nut 27 which

- engages with this feed screw shaft 26, and the like. The zoom motor 25 is
fixed 16 a first bracket 28 which is U-shaped, and both end portions of the

feedf‘-f‘s?r%‘%éxﬂﬁ‘ft %? Which pratrydes;into o %eBgrtPﬁie%&ﬁ syppaded 1o the

in a freely turnable manner by the first bracket 28. The first bracket 28 Is

18H%f@?%%@@eéﬂ%¥rEﬁ@e%%%Q%ﬂE%%@fﬁB@H“@@?U@&H%%”Tﬁgﬁudes: an
embodiment

fixed screws 29a showing a specific example of a fastening

uffjechanism. 1y the installed sipfe of s fitst bragkel, 78, the iged NUE2Erer 13

engages with the feed screw shaft 26 in a slidable manner. The feed nut

wR{ s held by the first. moyable holdipg frame 23, withitsmoyement on  top of

restricted as regards the direction in which its’screw grooves extend.

¢ FUrther, byo QHidﬁﬁh%Ei%@ﬁ@Q&albd@?ﬂl@é@i%H‘Io the, dirstgaevables rre1 15
ire

holding frame 23 in a ction parallel with the second optical axis L2 in a

; glidable.manper. Ends of hoth the,guide shafts 34a and 34b among-side ded in

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

+ held bytbe middle barrek 12 28, Tthus, when the zoom MEIOR2%,isididenin its
the rotating

lower surface. Tc the opening window 19 is attached the
objective lens 7A of the first-group lens 7, and by means of
a panel 21 attached to the front surface - -thereof, 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 1is supported in & movable
manner in the direction parallel with the second optical
axis L2 of the lens system 2 extended in the up-and-down
direction cf the barrel'body 3. In the first movable hclding
frame 23 is provided & through~hole which penetrates in the
up-and-down direction, and the second-group lens 8 is fixed
to the through~hole; This first movable holding frame 23 1is

constructed in such a manner as to be movable back and forth
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force of the feed screw shaft 26 is transmitted to the first movable holding
frame 23 via the feed nut 27. At that time, the feed nut 27 is moved in the
axial direction with respect to the feed screw shaft 26 driven and rotating

at the predetermined position. As a result, the first movable holding

i frame-23mpyes in,combkination with theifeed Mk 27, therebymaking e 1ens
second-group lens 8 selectively move either in a direction approaching

sihe first-groypdens,7 ar ivadisection aplroaching.thethirdngtoup lefs 92 zoom
In accordance with the rotating direction of the zoom motor 25. On this

¢ eeqasien dheistmavahle holding fame 23 helding dhe seeend-graup
lens 8 is guided in the direction parallel with the second optical axis L2 by

the tyeguideshafts 31agand 3kbranshtherefore-caribe mevetbemthestor 25,
second optical axis L2 with accuracy. The middle barrel 17 is formed of a

a ropgbly rectasgulam frame body whichohas epeningsinttsryppehand of this
lower surfaces, and the two openings face the lower surface of the upper

z bartehdt ard the, uppersustace of theloweribaireb 284 sespeetively. hes feed
three barrels thus arranged one on top of the other are fastened and fixed

sbyawlatalifjt ob(@hreerin thissembdaimerithfixerbsorews28b vittlichs £ixed to
penetrate these in the up-and-down direction, and so assembled

a infagratly, btherédayt coifstitutingithe baifelsthady=31,29sThe thirdkgreupl lepsrtions
9 is fixed to and held by the

of the feed screw shaft 26 which protrudes into one end

therecf 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 in this

embodiment) fixed screws 2%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 1in a
slidabkle manner. The feed nut 27 1is 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 31b penetrate into the
first movable holding frame 23 in a direction parallel with
the second cptical axis L2 in a slidable manner. Ends of
both the guide shafts 3la and 31b on cne 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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middle barrel 17, and further, the iris mechanism 12 is provided below the
third-group lens 9. This iris mechanism 12 includes: a diaphragm member
32 which freely adjusts the area of an aperture, a diaphragm supporting

plate 33 which supports this diaphragm member 32 in a movable manner,

a step motor,34.which gpens and.glases thesdiaphragm member 32, and o« ;g

the like. The step motor 34 is fixed to the side of the upper surface of the

sgyddiebargl 1 7 With aJuelof bage 85 providedipetweencIhe lowste £ -t

barrel 18 is formed of a case which has openings in its upper surface,

mé@@b@@far?@}_%lﬁwﬂfﬁ&gfa?@’ %&%'”@H&E tP@&QSE&%Sli@F’.O”@Qcathat time,
second movable holding frame 36 in a movable manner in the

t HB-anddown cdirection whichis paraielwith.the segond optica] axis-b2 O spect
the lens system 2. In the second movable holding frame 36 is provided a

+ $hrough-heleawhich pesptraies intheoup-ands: dewn dirgction endihe a+  the
fourth-group lens 10 is fixed to the through-hole. This second movable

phelging frame:=36 ipconstrveted in sicha masapern as to pednoyabledbackovabie
and forth in the direction of the second optical axis L2 of the lens system

nh2Withig apregdetepningd vagges Dy daeais.afa focus idnving meehagishus 27,
37 attached to the lower barrel 18. The focus driving mechanism 37

tinchudes: aforusing roptor 38 adead geeems shaliad pw'V'iglelasd teiay move

shaft 30 of this focus motor 38, a feed nut 41 which engages with
either in a direction approaching the first-group lens 7 or
in a direction approaching the third—grou? lens 9, in
accordance with the rotating direction of the zoom motor 25.
Cn this occasion, the first movable heolding frame 23 holding
the second-group lens 8 is guided in the direction parallel
with the second optical axis L2Z by the two guide shafts 3la
and 31k, and therefore can be moved on the second optical
axis L2 with accuracy.

The middle barrel 17 is formed ¢of a roughly rectangulaf
frame body which has openings in 1ts 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 29b which penetrate these in
the up-and-down direction, and so assembled integrally,

thereby constituting the barrel body 3.
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this feed screw shaft 39, and the like. The focusing motor 38 is fixed to a
second bracket 42 which is U-shaped, and both end portions of the feed
screw shaft 39 which protrudes into one end thereof are supported in a

freely turnable manner by the second bracket 42. The second bracket 42

is ataehed {0 the lower bariel 18 by means of aplurally o, (WaBhiS 1y the

embodiment) fixed screws 29c that are a fastening mechanism. In the

mingtalled state of this-secondpracket A the deed nuf 41 epgageswitthe 5

feed screw shaft 39 in a slidable manner. The feed nut 41 is held by the

p5ecand ingyablg,halding frame; 36 - with its syvement fesfricted- 88 mechanism
regards the direction in which its screw grooves extend. Further, two

1 guide shafts 43 (gnly one-gfarpichis,showmin GG ) pepetiatedntodbe s the

second movable holding frame 36 in the direction parallel with the second

= ppticab axis 42 ip arslidable mannerpkpdgef thedweauide shafts43 B which
one side are held by the middle barrel 17, and ends thereof on the other

ssislecare helgrysthelovyarhasrel dnidwis, witen the focusingamotor 88isher, a
driven, the rotating force of the feed screw shaft 39 is transmitted to the

sgegontbmevable hatding frameen 36 yiadthefeed autAt. Atithph timeg thember 32,
feed nut 41 is moved in the axial direction with respect to the feed screw

afihaft 89 drives andriotating=at 3t the peteiermined:gosition tAs atesulto £ the
the second movable

upper surface of the middle barrel 17, with a motcr base 35

provided in between.

The lower barrel 18 is formed of a case which has
openings in its  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
directicn which is parallel with the second optical axis L2
of the lensg system 2. 1In the second movable holding frame 346
is provided a throughuhoie which penetrates in the up-and-
down direction, and the fourth-group lens 10 is fixed to the
through-hole. This second movable holding frame 36 1is
constructed in such a manner as to be movable back and forth
in the direction of the second optical axis LZ cof 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 Zfocusing

. P 2 mammrrd dm o - mqerr  mlem £
motor 38, a feed screw shaft 39 proviced as &a I'Otary shart
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holding frame 36 moves in combination with the feed nut 41, thereby
making the fourth-group lens 10 selectively move either in a direction
approaching the third-group lens 9 or in a direction approaching the
fifth-group lens 11, in accordance with the rotation direction of the

ofo%'ﬁiﬂg_ moter, 383 dhis 9@96‘5%9”_5@8&8%!@ 'QanQl?if&?!di@%Héﬁ’@s with
36 holding the fourth-group lens 10 is guided in the a direction parallel

£ Mth the sgcand-apticah axis L2y theatwanguide ghafts 48andthergfare motor
can be moved on the second optical axis L2 with accuracy. The CCD 4 is

3@ttached o the lewernsustace of thedowes hamel 18 bymeans ofaiG2 3, and
adaptor 44. The CCD adaptor 44 is formed of a plate which has a square

p&pBNiagdn the- iniddle; andie oneseufase thereghisintegrallyrixed the ot rudes
CCD 4 by a fastening mechanism such as adhesive, through a seal

ifkber4s whigh is shaped fikeza- squatgiameeOn the ethef sesfage afurnabile
the CCD adaptor 44 is provided a light- shielding plate 46 in which optical

miilersrl4-are anvnged conritop:of €laeh otirer, anthihese atmtixesk beingt 42 is
pressed by a filter pressing plate 47. And, with the optical filters 14

apravidedinside rthe QCbadaptor 4dlis agachedte theslower bagel:38 by ty of
a fastening mechanism such as fixed screws. In an opening 48 made in a

{side surfacetdfihis lewiecdiaresl 18 is fristalted thernmage stdhilizetrzinaare a
32 detachable manner. The image stabilizer 5 has a structure

fastening mechanism.

In the installed state of this second bracket 42, the
feed nut 41 engages with the feed screw shaft 39 in a
slidable manner. The feed nut 41 is held 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 into the second movable holding frame 36
in the direction parallel with the second optical axis 12 in
a slidable manner. Ends of the two guide shafts 43 on one
side are held by the middle barrel 17, and ends thereof con
the other side are held by the lower barrel 18.

Thus, when the focusing mcotor 38 is driven, the ﬁotating
force of the feed screw shaft 3% 41s transmitted to the
second 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 fesd screw shaft 32 driven and rotating at
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shown in FIGS. 13 to 22. This image stabilizer 5 includes the
above-mentioned correcting lens 15, a first moving frame 51, a second
moving frame 52, a fixed base board 53, an electric actuator 54, a
position detector 55 and the like. The first moving frame 51 supports this

L OITEEtng: lens 5, cFhe-secandumoving framed2 supportsdhisdissind movable
moving frame 51 in a movable manner in a first direction X perpendicular

hdo dhe seconsheptical axs b2 of thedens systenvd. TheHixedbasebearglut 41,
53 supports this second moving frame 52 in a movable manner in the a

tiseeend direcliony pemendieulat Hodhe spcondopticabaxissizaadvely move
perpendicular to the first direction X. The electric actuator 54 showing a

eSpreific iexampia oka diivar mppes thehfistmoxing fraime Sddothe fiests 9 or
direction X and moves the second moving frame 52 in the second
iwirectiod M ekitei positiap gdetectori shydeteots thel posiionwfthe conrecting, in
lens 15 with respect to the lens system 2 (as regards the first direction X
a@ndrtbeseeond wdirectien X9 rWhienrthe camera dody hidctewifldoe:s ing motor
described later on is shaken or vibrated by hand-shake or the like, the
3gorrectingtlehs 15stalkilizes blaired mragenby iteopesifien beihd mgvefriame 36
the first direction X and/or in the second direction Y corresponding to the
hahsduny of image blemaridravthattimel eksshdvin intEIG.481dadhe dater the a
peripheral edge of the 33 correcting lens 15, a stepped portion 15a which
digection 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 of the lower
barrel 18 by means of a CCD adaptor 44. The CCD adaptor 44
is formed of a plate which has a sguare 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 sguare frame. On the
other surface of the CCD adaptor 44 1is 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 to the lower
barrel 18 by a fastening mechanism such as fixed screws.

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

barrel 18 is installed the dimage stabilizer 5 1in a
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continuous 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
positions corresponding to the diameter direction. This correcting lens 15

ads fixed to dhadirstmpvingframe: Bhops shawninikRI&SS. 48 aad 19, the ructure
first moving frame 51 includes: a ring-shaped lens fixed portion Sla into

sMaveh the caregcting fensdl5dg fittedia yokenfixgd pettioni Stk axhich isncludes
formed continuously to one side of this lens fixed portion Sla, being folded

£ Yo ihe ferrmeha crankd and 1@ owhich@ yekesH6 desciibed tater aBidng frame
fixed; and the like. The lens fixed portion Sla has a shape corresponding

519 the sbapef thecetiegtingrlens 15,28nd & stepped poioa Whichrd 53, an
engages with the stepped portion iSa of the correcting lens 15 is provided
e badhbe peripherabedge 6fg fitinghelet5& intaiathichthe cbireetnd) lehse 1ike.
15 is fitted. Further, the lens fixed portion 51a has two-surface width
Tpertibns &l cmard bid Eorrspdidirgtopthe two-suiface widthqortignsikbhs 15.
of the correcting lens 15, and a yoke fixed portion Sib is continued to one
Tsilesof the directioim{@irst dineetidie X & peppentdicutarite tHe disgctionving frame
(second direction Y) in which the two-surface width portions Sic and Sld
S arelopposedveinlthe natside ofithe awd-susfacaiwidth portions e apdnsycular
51d of the lens fixed portion Sla are provided a first main
to the second optical axis L2 of the lens system 2. The
fixed base board 53 supperts this second moving frame 52 in
a movable manner in the a second direction Y perpendicular
to the second optical axis L2 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 direction X and the second
direction Y).

When the camera body which will be described later on is
shaken or vibrated by hand-shake or the l1ike, the corredting
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 amocunt of image blurring at that time.

-

As shown in FIG. 18, on the outer peripheral edge of the
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bearing portion 61 and first sub bearing portion 62. The first main bearing
portion 61 has two bearing pieces 61a and 61b which are provided in the
first direction X with a predetermined space in between. The bearing
pieces 61a and 61b are each provided with a bearing hole, and a first

<&ain-quide shafl 63 penetrates intq, hearing holesin thes first s cn - 45

direction X. The first main guide shaft 63’is fixed to both bearing pieces

c&laand,8Lb with pressureand both:the ends.therenf pratrydefromthe on one

bearing pieces 61a and 61b to the outside. The first sub bearing portion

s 624ds provided, with achearing.-groexe {4 made n ite sides Arfirst subguidey, are
shaft 65 engages with this bearing groove 64 in a slidable manner. Also, :

£ @r¥oke 66-copstituting a par of the slegtriceaciuater 54 isfixed 19 the Yoke 1ens

fixed portion 51b of the first moving frame 51 by a fastening mechanism

1s5ughas, ashegiveor fixed-serews.iAs shawndp H6: 2Qsthe ypke $6onding to
includes: an upper piece 66a and a lower piece 66b, which are parallel
ta8doppased 0 gagk etherwith apredeiernmined i apouatef spacedn £ixed to

between, and a joint piece 66¢, which joins the upper and lower pieces
t 6 aAnckGO I ckhienjgint rikee $6¢ is provided on one side of the

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

recess 66ddntn wirchea part of thezyoke fixed podion Sibt3mefthedirdirame 51

moving frame 51 is inserted is formed from the
includes: a ring-shaped lens fixed portion 5la into which
the correcting lens 15 is fitted; a yoke fixed portion 51b
which is formed continuously to one side of this lens fixed
portion 51la, being folded into the form of a crank, and to
which a yoke 66 described later on is 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 15%a of the correcting lens
15 is 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 portions 5lc
and 51d corresponding to the two-surface width portions 15b
0of the correcting lens 15, and a yoke fixed porticon 51lb is
continuaed to one side of the direction (first direction X)
perpendicular to the direction ({second direction ¥) in which

the two-surface width portions 5lc and 51d are opposed.

On the outside of the two-surface width portiocns 5lc and
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lateral direction of the joint piece 66c. The recess 66d of the yoke 66 is

provided for the purpose of making a later-described coil assembly body
93 closer to the correcting lens 15, and with this recess 66d, the electric
actuator 54 can further be small-sized. To the inner surfaces of the upper

s pddgwenpieces,66a and 6B of tthisyokeL6:are fixed Habmagnets6/ar main
and 67b which are formed into the shape of rectangles having

baRRIGdMatehtther same size agthesipnensyrfaces: by fastepingh 62.  The
mechanism such as adhesive. These two magnets 67a and 67b opposed

£in-4he Wppgr aed lowey diteetionandthe yoke £6 constiyieya ppageeticc1a and
circuit for the electric actuator 54. Specifically, one magnetic circuit

& Memper Baving-enepywke Géeand iwo Mmagnets 678 add 6ZbiSerYeS RS avith a
magnetic circuit for a first electric actuator that is a first driver and also

p SetesAas tnpagreliceircui fare second elecidc netuaiordhatis@ées 61a and
second driver. In this embodiment, a magnetic circuit for the electric
& astuater Skisrconstsudiad byfikitty the iflab magaetsdiza, andH7h tdthest main
inner surfaces of the upper and lower pieces 66a and 66b of the yoke 66,
gwhieh isfertstreagthering tmagaeticiforce apptiee toteordoils desdridzedin the
later on. Therefore, magnets according to an embodiment of the present
fimentidn axe nbdbnedessdiily pfovided nabotlythiedenen86tsuifaces af ixed to
the upper and lower pieces 66a and 66b of the
both bearing pieces 6la and 6lb with pressure, and both the
ends thereof protrude from the bearing pieces 6la and 61b to
the outside. The first sub bearing portion 62 is provided
with a bearing groove €4 made in its side. A first sub guide
shaft 65 engages with this bearing groove 64 in a slidable
manner.

Also, a yoke 66 constituting a part of the electric
actuator 54 1is fixed to the yoke fixed portion 51lb of 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 ©6a and a lower piece 66b, which
are parallel and opposed to each other with a predetermined
amcunt of space in between, and a joint piece 66c, which
“oins the upper and lower pileces 66a and 66b. The Jjoint
piece 66¢c . 1is provided on one side of the longitudinal

direction of the upper and lower pieces 6€6a and 66b and a

recess 66d into which a part of the yoke fixed portion 51b
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yoke 66, but by fixing a magnet either on the upper piece 66a or on the
lower piece 66b, a magnetic circuit for the electric actuator 54 can be
constructed as well. As shown in FIG. 18, the second moving frame 52 is
formed of a flat plate which is slightly wider than the first moving frame

oBlchbe secand moyingframeme is assembleddacing the first MAINE rom the
frame 51 in such a manner as to fit under it. At the position of the second

1meung frame S2icotrespopdingstethe fittingfaole &8.of the first moving
frame 51 is provided a through-hole 68 which has approximately the

samesize as the fttingsholess8. ©@ndheyupper swfage of thissegedd for the
moving frame 52 is provided a second bearing portion for supporting the

piiegt drevingriratag i5lyin a slidable manner inthe firstdirectioneXbIhe body 93
second bearing portion includes: a second main bearing portion 71 which

csupparts thedirst mainguide shaft 63:fixet), to dheifirst Movirgifsamme Sdsiw 664,
a freely slidable manner; and a second sub bearing portion 72 which

t sEppAris: the firsi subpuide Skaftan infa fixad marwmersralthe statedn To the
which the first moving frame 51 has been fitted onto the second moving

iframe 52i1lhe sesond maie beanrerpeartidn Yavwisprovided i $iich eend 66k of
position as to be capable of supporting both ends of the first main guide

tshaft 3.k Spécificatly, the sedondimainizeanag pohion 7dndclédés 8Aich are
two bearing pieces 71a and 71b which support both ends of

formed into the shape c¢f rectangles having approximately the

same size as 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 yoke 66 constitute a

magnetic circuit for the electric actuator 54. Specifically,

one magnetic cilrcuit member having c¢ne yoke 66 and two

magnets 67a and 67b serves as a magnetic circuit 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, & magnetic circuit for the electric
actuator 54 is constructed by fixing the flat magnets 67a
and 67b to the inner surfaces of the upper and lower pileces
66a and 66b of the vyoke €6, which is for strengthening
magnetic force applied to two colls described later on.

Therefore, magnets according to an embodiment cf the present

invention are not necessarily provided on both the inner
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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 distance which is the total of the
slentwrekthe firsi maainearing partivevwwd-in ghestirst dissttion Xcanddbe of the
length necessary for the first moving frame 51 to move in the first
yditection X. die twe béatng pieeesvélmand £l Arereanh prowidegdwath apiece
bearing hole, and both ends of the first main guide shaft 63 are inserted
6 Bethose khearingdolesyina slidabie mabneraAlsagndhe state inowhich ther the
first moving frame 51 has been fitted onto the second moving frame 52,
e frecsecionda subdearing portion B2 isprovidedadtssiichsa pesifion as to
correspond to the first sub bearing portion 62. Specifically, the second
sub Bearing portion 72 Mtludeslivo behrngs pieced 72mandd2bfwhich 52 is
support both ends of the first sub guide shaft 65. The two bearing pieces
f72aa@d 22b are aelt providerd withixheating holeghnd both etels ofcthen the
first sub guide shaft 65 are fixed to those bearing holes with pressure.
f Thistfirsnend goided sBafe 6538 insertédon as freelyklidebie ranneramehe 52 is
bearing groove 64 provided in the first sub bearing portion 62 of the first
a figvANYLfrdmE238 5d. The fifst 566 guieistaftimand first AMairsggide 2 manner

shaft
as to fit under it. At the position of the second moving

frame 52 corresponding to the fitting hcole 58 of the first
moving frame 51 1s provided a through-hole 68 which has
approximately the same size as the fitting hole 58. On the
upper surface of this second mcving 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 51, in a freely slidable
manner; and a second 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 onto 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
= X »
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- 63 are so set that their shaft center lines become parallel to each other,
and the first moving frame 51 is guided by both guide shafts 63 and 65 to
be movable in the first direction X. On the lower surface of the second
moving frame 52 is provided a third bearing portion for supporting the

tﬁSC%‘Qa_PlQi’éngﬂi%'H_@sSZ“iﬁé ?H@@'@@@“Wﬂ@ﬁh_esﬁﬁﬁ%ﬂtdifﬁgﬂw &nds of
perpendicular to the first direction X. The third bearing portion includes a

t Hurdanain-beqring pertion 73 ngdthigd subearing perteniés: The thikd  upper

main bearing portion 75 is on one end of the second moving frame 52 in
sthertirst directiaR Xs inchidesiwe: bearing:piece 75 and idba pravided:- as to
with a predetermined amount of space away from each other in the
p seeandidiregtipn¥, and is provided on the lower surface of the second
moving frame 52 in such a manner as to protrude downward. The two

bearirg:pieces 15e:=aichgSh, aseeactvpeovidad withia kearingdolezanthd main
both ends of a second main guide shaft 77 which extends in the second
pduection Yoare insertad instheser bearny bolesth & SlidakieshanmenaAlsdyy the
the third sub bearing portion 76 is provided approximately at the center of
dike athes entl Dftheisecond moviny frame b2 in thecfirst difectine Xt Thist main
third sub bearing portion 76 is provided with a bearing groove 78 open
b3atd the hateralidirectidn. ik second Subguidéistafti®9n X and the length
necessary for the first moving frame 51 to move in the first
direction X. The two bearing pieces 7l1a 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, 1in 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 at such a position as to
correspond to the first sub bearing portion 62. Specifically,
the second sub bearing portion 72 includes twe Dbearing
pleces 72a and 72b which support both ends c¢f the first sub
guide shaft 65. The two bearing pieces 72a and 72Z2b are each
provided with a bearing hole, and both ends of the first sub
guide shaft &5 are fixed +tc¢ those bearing holes with
pressure. This first sub guide shaft 65 1s inserted in a

freely sliidable manner in the bearing groove 64 provided in

. . . . .
the first sub bearing portion €2 of the first moving frame
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extending in the second direction Y perpendicular to the first direction X is
engaged with this bearing groove 78 in a slidable manner. Both 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

s pssembled: f3cing Qﬂ% fi@%‘lﬁgs%bgg%rt% %%Cij”gs%“&h%?esasé‘;‘r%é ?%.toaf%;an‘]éeers haft

it. As shownin FIG. 1 ixed base boar Inc movin

@uggcgtirgg;pgrg{?néﬁseNm‘ﬁ@59”%3%05}318&%&%96@93%gﬂggvén&%%me%%al lel

in size, a coil fixed portion 53b pro continuously formed as one bo

Wit this, moying, frame supparting portion 533, and-th likes The MOYNG oy 1y

frame supporting portion 53a is formed of a flat'plate which has

paPRroymately the same size agthe second,maying frame 52, and the coil ¢, o

fixed portion 53b is continuous to one end of this moving frame
4 supperiing pertion 53a in the first direction X. At the position of the
moving frame supporting portion 53a corresponding to the through-hole

68 obthe -spcond yagving frame524s pravided athroughahalg 81 mhich. 52 55
has approximately the same size as the through-hole 68. A fourth bearing

pperimanhieh suppests Hae seeenddpevingrirame 52 inashidable manners.cong
in the second direction Y by means of a second guide shaft is provided at

mdothends-afnthesupper suirface @4 this mEviRg: frame sUpPORINGReItQR rection
40 53a in the first direction X.

Y perpendicular to the first direction X. The third bearing
porticn includes a third main bearing portion 75 and third
sub bearing porticn 76. The third main bearing portion 75 is
on 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 previded 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
glidable 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 1s provided with a bearing groove 78 open

39



The fourth bearing portion includes a fourth main bearing portion 82
provided on one side in the first direction X, and a fourth sub bearing
portion 83 provided on the other side in the first direction-X. The fourth
main bearing portion 82 includes two bearing pieces 82a and 82b

= Provided with & cartain;anaeuntef space away-tom eachother; lthesnare 79
second direction Y, and is provided on the upper surface of the moving

o ffadne SHEPOLNG PRLIoR 5338:iA Suchra JNaRRer as todrpirde spnard. to  the
The two bearing pieces 82a and 82b are each provided with a bearing

£ hele, andtwenasitions 1ig the giddle of the seqond rpainguide ghaft¥éin7s in
its axial direction are pressed into those bearing holes to be fixed. Thus,

a beth eads of thersesend mainguideshadicbhprofiude tgthesoutsideref 77 and
the two bearing pieces 82a and 82b, respectively. The two bearing pieces

sd5araNds(ah ofithedhishmgin beadpg potioad Scprovided divibe seeerd board
moving frame 52 are fitted to the protruding portions at both ends of this

5 Bpcansbmaint guide shaft Tildn astidable mannes. Thestwo Bearihg piecesmbled

75a and 75b are apart from each other by the distance which is the total
f of theylepgthsbefweren thestswo bearidg piecés:82aiahd 82lmand¢he leagtho fit

necessary for the second moving frame 52 to move in the second
oddrectian Y. Therefore, the third main bearing portion 75 of the second 41

moving frame 52 is supported in a movable manner outside the

As shown in FIG. 18, the fixed base board 53 includes a

moving frame supporting portion 53a which correspends to the
second moving frame 52 in size, a coil fixed portion 53b
provided continuocusly 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 frame 52,
and the coil fixed portion 53b is continuous to one end of
this moving frame supperting portion 53a in the first
directicn 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 second directicn Y by
means of a second guide shaft is provided at both ends of

1-

the upper surface of this moving frame supporting portion
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two bearing pieces 82a and 82b, 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
5 ®achotheeinthe secand girectden X, and is provided on the upper
surface of the moving frame supporting portion 53a in such a manner as
to protrudeiitpward. The swankearmgrpiécas 83aahd@3b are eabburth main
provided with a bearing hole, and the second sub guide shaft 79 is
bepredsed inte thaserbedring holesitddxe supportedawitts bdth therends:e  first
thereof fixed in its axial direction. Between those two bearing pieces 83a
diane83mth& bearing grabver7gofthe thirdsibdearinyipoiti®@e 76rovided on
provided on the second moving frame 52 is engaged with the second sub
tiguideShaft 79iida slidableemanines L Therefore, litis pdssibl&tier thethirdh main
sub bearing portion 76 to move by a predetermined distance in the
bsarong dipectivhovt béRveenthades bearngsiecds 83 thdd3bi gaided:d 82b
by the second sub guide shaft 79. The coil fixed portion 53b of the fixed
ppase beard 58hs Forraad of.a relghin sqadresiza partavidizh hasm each other
supporting wall 84 protruding upward, and the supporting wall 84 is
improvited 8AGweSsideln ¢ivd second dirédtidn ¥SA BaiP SLBparting stah@ 8supper
is fixed to the coil fixed portion 53b, 42 and a coil assembly body 93 is
sarheRed & thehdimeving frame supporting portion 53a in such a

manner as to protrude upward. The two bearing pieces 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 intc these bearing holes to be fixed.
Thus, both ends of the second main guide shaft 77 protrude
to the outside of the two 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 52
are fitted to the protruding porticns at both ends of this
second main guilde shaft 77 in a slidable manner. The two
bearing pieces 75z and 75b are apart from each other by the
distance which 1is the total of the length between the two
bearing pieces B82a 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 sscond
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supporting stand 85. As shown in FIG. 20, the coil supporting stand 85 is
provided for keeping the coil assembly body 93 at a predetermined
height, and is formed as a frame body whose plane is U-shaped. This coil
supporting stand 85 is mounted on the coil fixed portion 53b to be set

n@9ngdhe suproring wall-84, and-ntegrallyfixed fothe fia@férpéf%@%%e the

53 by a fastening mechanism such as adhesive or fixed screws. On the

«lpwep surface ofthe dixed daase hoard;53 is proyided apattachmentuss oo cong
portion 53c for fixing this to the barrel body 3. The upper surface of the

meQihsupporting stand 86ris rfokmed:as a plang suHacer@ndMRaring portion
position-deciding projections 85a and 85a for deciding the position nga :

scoib supperting.raembes 86:ave provided on the upper surface. The two
position-deciding projections 85a and 85a are disposed with a

predetesmjned mnoust:efapacaawaikemeach gther dn, thessecoRd udes two
direction Y, and the coil supporting member 86 also serving as a flexible

beeinforeing plate swhase pesitigrhasheensdecided-by BotBdheain amount of
position-deciding projections 85a and 85a, is fixed on the upper surface

spkibe coilasuparting standah: xflexiblerprintad-eireuiticasd 87owith, and is

predetermined electric circuits printed on its upper and lower surfaces is

pixad thethecoilsuppagingrmemben 86 by a fasiening Mecharism ssehasrting
adhesive tape. 43 A flat coil 88 showing a specific example of a first
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 guide .shaft 79 is pressed into
those bearing holes to be supported with both the enﬁs
thereof fixed in its axial direction. Between those two
bearing pileces B83a and 83b, the bearing groove 78 of the
third sub bearing portion 76 provided on the second moving
frame 52 is engaged 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 between the two beaxing pleces B83a
and 83b, guided by the second sub guide shaft 79.

The coil fixed portion 53b of the fixed base board 53 is

formed ©f a roughly sguare flat part which has a supporting
wall 84 protruding upward, and the supporting wall 84 1is

provided on one side in the seccond direction Y. A coil

supperting stand 85 is fixed to the ccil fixed portion 53b,
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coil is installed on the upper surface of the coil supporting member 86. As
shown in FIG. 20 and other figures, - the flat coil 88 is formed of two
levelly-wound elliptical coil portions 88a and 88b disposed side by side.
The two coil portions 88a and 88b are approximately equal in length in

e widthwise directionnBytaregliigrens i lepgth in: thelepgthwise the  coil

direction. The coil supporting member 86 having this flat coil 88 is fixed

seaﬁt&%@a@r surfacgion gene endzof the flgyikle prnted gicuit board 8he  coil
with both coil portions 88a and 88b extending lengthwise in the direction

s sekstantially perpendiculas to the direetiondz whigh the fledbleprintethe  coil

circuit board 87 extends. As shown in FIG. 21 and other figures, regarding .
athe-first €Ol portiarr88a providesken therside avhese ¢hre: flexible pdntedrmed as

circuit board 87-extends, its length in the lengthwise direction (the second
adirection Ydsimadeowithin ithedange of-tbedength of the eoikstpolingport ing
member 86 in the second direction Y. Regarding the second coil portion
s88bdneanwhkilevndtsienrgth imthedengtbwiserdisestiopfthei seaca®kh to be set
direction Y) is made short in comparison with the first coil portion 88a.
aThisgs heéeause@rspacens pravided 8dn orensidel atthersetbnd €diked to the
portion 88b in the lengthwise direction, and the joint piece 66c¢ that is a
fpardf the ykeeewhit | E8nstitutesza pad of the. elpcticcattaatosb4, Hdch  as
is provided in the space, so as to make the electric
adhesive or fixed screws. On the lower surface of the fixed
base board 53 is provided an attachment boss portion 53¢ feor
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 projecticons 85a and 85a are disposed
with a predetermined amcunt of space away from each other in
the second direction Y, and the coil supporting member 86
alsoc serving as a flexible reinforcing plate, whose position
has been decided by both the position-deciding projections
852 and 85a, 1is fixed on the upper surface of the coil
supporting stand 85. A flexible printed circuit board 87
with predetermined electric circuits printed on its upper

and lower surfaces i1s fixed to the coil supporting member 86

by a fastening mechanism such as adhesive taps.
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actuator 54 small-sized. The two coil portions 88a and 88b are formed by

winding one coil wire; an electric current is made to flow in the same

direction at the parts extending straight in the second direction Y on the

long sides adjacent to each other in the first direction X, and

thrugt-generating portiess 8%svanc B9b okdifferent tengthsmredhust a2 first

formed. As shown in FIG. 22 and other figures, in the state in which the
celectrici actuatortsd hasibeem constreictedp these tisrustgenerating the coil

portions 89a and 89b are opposed to the magnet 67a. The flat coil 88 is
s efgotrivallygonaecied B predetenmimediwiringatiebn pravidedhen thie gures,

upper surface of the flexible printed circuit board 87. Thus, when an
tefectritacurrent. is appliedstothetwd coif partionsi88eedny -88hymiagnelic ptical

force produced by the magnets 67a and 67b acts in the direction
cpétpendictlfarts thébhrustderittating portiond 894 and 89b ef the.flat 8dile  two

88, so that force directed in the first direction X acts on the side of the
Coiggnetsréiaand 87B agoordfiftito Hemimgsdekantalle. ASescAbediength

above, since the flat coil 88 is formed of the two coil portions 88a and 88b
idispbsedvsidé by side, darrcthngst-gehtiatiag portioRs eafbe steuregngth in

with the flat coil 88 located close to the correcting lens 15 and stored in a
threddtehaied sifacel IMerEover sincel& 45 prédete iRt Space igember 86

provided by making the length of the
having this flat coil 88 is fixed on the upper surfacs on

one end of the flexible printed circuit board 87, with both
coil portions 88a and E88b extending lengthwise 1in the
direction substantially perpendicular to the direction in
which the flexible printed circuit board EB7 extends.

As shown in FIG. 21 and other Ifigures, regarding the
first coil porticn 88a provided on the side where the
flexible printed circuit board 87 extends, its ;ength in the
lengthwise direction (the second direction Y) is made within
the range of the length of the coil supperting member 86 in
the second direction Y. Regarding the second coil portion
88k, meanwhile, its length in the lengthwise direction (the
second direction Y) 1s made short in comparison with the
first coll portion 88a. This is because a space is provided
on one side of the second coll portion 88b in the lengthwise

direction, and the Jjoint plece ©€6c that is a part c<f the
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two coil portions 88a and 88b different from each other, and - the joint
piece 66¢ of the yoke 66 is provided in that space, it is possible to make
the whole of the electric actuator 54 small-sized. Also, a cylindrical coil 91
showing a specific example of a second coil is installed under the flexible

1 Printed-£irguif board 87, Botly ends of the cylindricabcof@larethe eiectric
electrically connected to a predetermined wiring pattern provided on the

adowersiface ofihe flexible printed circuit board 87. As shown in FIG. 20
and other figures, the cylindrical coil 91 is provided with a rectangular

space, podian atdtsiceptarso-that & becemes ggectangulas eylindnisal winding
body as a whole, and is formed into the shape of an angular cylinder by

ondndiag coitwire py apredeternined camewntsothatithas &o flow in the
predetermined thickness in the direction of a stack. Regarding this

s@ykindricat eqif 9%, a thrist-geaeratingpostien: 92 issfixed wHthe flexiblee second
printed circuit board 87 by a fastening mechanism that is adhesive, with

d ihke directionyin svhichhits caihwire extends dieing faceddthe dicst diresian Xn the
The lower piece 66b of the yoke 66 and the lower magnet 67b integrally

f fixed thetete @re insetled iardke spacespedionatihd cgnterafithens 89z and
cylindrical coil 91. Thus, when an electric current is applied to the

8 gylingficalicoildlen46 agnetic farce piddused byrtke magietsbdavandn FIG.
67b acts in 3 _

22 and other figures, in the state in which the electric

actuator 54 has been constructed, these thrust-generating

portions 8%z and 88k are oppesed to the magnet 67a.

The flat coil 88 is electrically connected to a
predetermined wiring pattern provided on the upper surface
of the flexible printed circuit board B87. Thus, when an
electric current is applied to the two coil portions 88a and
88b, magnetic force produced by the magnets 67a and 67b acts
in the direction perpendicular to the thrust-generating
portions 89%a and 8% of the flat coil 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 porticns 88a and 88b disposed side by side,
large thrust-generating portions can be secured with the
flat ceoil 88 located close to the correcting lens 15 and

- ~ 4 ~
STIred in a rredas

termined space. Moreover, since a
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the direction perpendicular to the thrust-generating portion 92, and so

force directed in the second direction Y acts on the side of the magnets
67a and 67b, according to Fleming's left-hand rule. The coil supporting
member 86, the flexible printed circuit board 87, the flat coil 88 and the

peylindrical £Qil 91 copstifute-the coil agsembly body 83, Asidesedbed h of the

above, since one coil assembly body 93 is constructed by attaching the

gt it 88 10 one sufage of dhe collsupparting smember 6 aRdbyother, and
attaching the cylindrical coil 91 to the other surface so as to stack the two

160ils 88.and3ina disection pajallelyth e sesopd cepticabaxis Lghif4s space,
possible to reduce a space for arranging the two coils 88 and 91 in the

; diregtion perpandiewarndibe sesont opical axise?, enddhus the:avhole or 54
of the device can be small-sized. Further, by disposing the

sthArust-generating portions 89a and 89b of the flat coil 88 and the
thrust-generating portion 92 of the cylindrical coil 91 such that they

interseet-gach other atdighiangles; theanagsietio forge of theanagnets example

67a and 67b is applied to both the thrust-generating portions 89a, 89b,
o andi 91siscepmamars iwhichsenables 4dhe admberdaf parts of thé sactbater torinted

be reduced. FIGS. 21 and 22 show the electric actuator 54 including the
ctotasserpblyhody 93, thetloke Bbsandihe two mafhetsr 4¢67aandl67Bl are

described above. Of the components of this
electrically connected to a predetermined wiring pattern
provided on the lower surface of the flexible printed
circuit board 87. As shown in FIG. 20 and other figures, the
cylindrical coil 91 1is provided with a rectangular space
portion at its center so that it becomes a rectangular
cylindrical body as a whole, and is formed into the shape of
an angular cylinder by winding ccil wire by a predetermined
amount s¢ that it has & predetermined thickness in the
direction of a stack. Regarding this cylindrical coil 91, a
thrust-generating portion 92 1s fixed to the Zflexible
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 pilece 66b of the yoke 66 and the lowexr magnet

67b integrally fixed theretc are inserted in the space
portion at the center of the cylindrical coil 91. Thus, when

an electric current is applied to the cylindrical coll 9%,
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electric actuator 54, the yoke 66, the two magnets 67a and 67b and the
flat coil 88 constitute a first driver (first electric actuator) which moves the
correcting lens 15 in the first direction X by means of the first moving
frame 51. The first main and sub bearing portions 61 and 62 of the first

ndBeMng fame bl the-firsh main and syl guide sbafts 63 and 65, and thect s in

second main and sub bearing portions 71 and 72 constitute a first guide
tMdhich guides dhe serrectingilensds indtherisst diregtion Xprrperdigylabortion

to the second optical axis L2 of the lens barrel 1 by means of the first

omoving: franer 8k eurther theawke 66; the twednagnels 6daanch6 # ante s on
the cylindrical coil 91 constitute a second driver (second electric actuator)

+ Mdhich meves thereorresting tensctzindhe serond direstien Ypyuweanssafing’ s

the second moving frame 52. The third main and sub bearing portions 75
1 and-Heettheusecondrmevingiftanse bRotheisegondnain afd,subtguidelexible

shafts 77 and 79, and the fourth main and sub bearing portions 82 and
pB3reonstitute, acsecond goigedvhieh guidesdhe ¢drsectingolehs 1848n thend  the

second direction Y perpendicular to the second optical axis L2 of the lens
cpatretit armdl perpendiculardtodhe firstaditgctiorn Xy measasiof the seeon®d .

moving frame 52. As described above, in this embodiment, one magnetic

48 chkeuitmembidrddviagone,yokeéGteanthtwoamagnets 62alang body 93 is
constructed by attaching the flat coil 88 to one surface of
the c¢oil supporting member 86 and by attaching the
cylindrical coil 21 to the cther surface so as to stack the
twe coils 88 and 91 in a direction parallel with the second
optical axis L2, 1t 1is possible to reduce a space for
arranging the two «coils 88 and 91 in the direction
perpendicular to the second optical axis L2, and thus the
whole of the device can be small-sized. Further, by
disposing the thrust-generating portions 8%a and 85%b of the
flat coil 88 and the thrust-generating portion 92 of the
cylindrical coil 91 such that they 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, 8%b,
and 91 in common, which enables the number of parts of the
actuator to be reduced.

FIGS. 21 and 22 show the electric actuator 54 including

e 1
1

the coil assembly body 23, the yoke 66 and the two magnets
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67b serves as a magnetic circuit for the first driver and a magnetic circuit
for the second driver. Therefore, since there is no need to provide a
magnetic circuit member for each driver, the number of parts can be
reduced to that extent and the whole of the device can be small-sized.

6 Pis0zas shoyw inELG 2@, da therewer surfage of the eQihguUpROfing of this
member 86 are attached a first hall element 94 showing a specific

e Bxample ot fitst position getestor,yaisecam halkhelement 9shewiag 87a and
specific example of a second position detector, and a thermistor 96

6'$howing arspecificzexamplg ofestempesatuta:deteetors Thedirsthalter (first
element 94 detects the position of the correcting lens 15 in the first

e Uirectian: Xa by means) ofithe firstmaandisg frameslc rAtsoj the decondifallin the
element 95 detects the position of the correcting lens 15 in the second

£ tlirectian Y¥e by means ofy theeseconoifmoking fiame SRoThedirsitatle 51. The
element 94 is provided at one side of the cylindrical coil 91, and the

f sesandnhdthelem@&nsdb iskprevitled apthecdthes sidé okthe Gdindrdcatibeil first
91. At predetermined positions the first hall element 94 and second hall

nelementASdetebtithe strendgthrefthevmiagnetid ferde of thellowanarfagnet3 and
67b, and then output detection signals in accordance with the strength of

6 the magnetic: foree Basedaiponahel detgetidresighals frony thiectwio Hall and 72
49 elements 94 and 95, a control unit calculates the position

constitute a first guide which guides the correcting lens 15

in the first direction X perpendicular to the second optical

axis L2 of the lens barrel 1 by means of the first moving

frame 351.

Further, the yoke &6, 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 ¥ by means of the second moving frame D2,
The third main and sub bearing portioné 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 correcting
lens 15 1in the second direction Y pérpendicular 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 352.

Bs described above, in this embodiment, one magnetic
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of the correcting lens 15 by arithmetic operation. Further, the thermistor
96 detects the temperature in the vicinity of the coil assembly body 93,
and when the temperature in the vicinity thereof has risen to a
predetermined value or above, temperature correction is performed in

c additiop tonstailizing images Hhureddnecamera shake, 8 vibsalionar B8z and

like. The image stabilizer 5 with the above-mentioned structure is, for

¢ exampley assembledasdalows Rirstas shewn it kiGS:130:t0 28 the flatand 2
coil 88 is fixed to one surface of the coil supporting member 86, and the

mEyingrical coil Qduisdixetbto thesepposite surfageitoewhich thesflexfidee, since
printed circuit board 87 is connected. Thus, the coil assembly body 93 in

twdich the ceibsuppeingomember 86 aad thedwercolls 88:00¢i%l atémber for

joined is constructed. The lower piece 66b of the yoke 66 is inserted into

e theh hele bf¢he cytindricabeikdl of thisceaikasserahly badyr93dremithe o that

lateral direction, and the lower magnet 67b fixed to the inner surface of

e theslowes pie aen@6 lr is-dppase dt teethedhtuust-geasraimgpertion 920fdhe

cylindrical coil 91. At the same time, the upper magnet 67a is opposed to

the Bpper,susfacelodthe fiat c6IL88. TS, the thiust-lgeneratigrfartienscf the
“89a and 89b of the flat coil 88 and the 50 thrust-generating portion 92 of
cthelcydindpcaltcoilP@Irameber 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 a
second position detector, and a thermistor 96 showing a
specific example of a temperature detector. The first hall
element 94 detects the positicn of the ccrrecting lens 15 in
the first direction ¥, by means of the first moving frame 51.
Alsoc, the second hall element 95 detects the position of the
correcting lens 15 1in the second direction Y, by means of
the second moving frame 52. The first hall element 84 is
previded at one side of the cylindrical coil 91, and the
second hall element 95 is provided at the other side of the
cylindrical coil S1.

At predetermined positions the first hall element 94 and

second hall element 955 detect the strength of the magnetic
force of the lower magnet 67b, and then output detecticn

signals in accordance with the strength of the magnetic

force. Based upon the detection signals from the two hall
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held between the upper and lower magnets 67a and 67b, thereby
constituting the electric actuator 54. The coil supporting member 86 of
this electric actuator 54 is mounted on the upper surface of the coil
supporting stand 85, and is positioned by the two position-deciding

= peajections 8baand 853. Therdhe £6i supgartinehmemierSs is fixedRAs i+ ion
the coil supporting stand 85 by a fastening mechanism such as

o adhesives Nexd ctherspcost snaving-frameifhtaces themevingiftame Further,
supporting portion 53a of the fixed base board 53 from above, and the

¢ o beating pieces BRadwte82x ofthe fawtth swim hearing porBorv 82 8fei ty of
positioned between the two bearing pieces 75a and 75b of the third main

t hearingi portiers ZhbAnd Hhd thigsubdrehring ortions/ 6tspositiotede in the
between the two bearing pieces 83a and 83b of the fourth sub bearing

vportiont88. Subseqtienths the secondomainguide shatt ¥7<s madedo or zabove,
penetrate the bearing holes of the four bearing pieces 75a, 75b, 82a and

t 82beof#imthird madrbearingportias 75 grd-fourthedain bearing@aitiochon  to
82. On this occasion, the second main guide shaft 77 is pressed into the

s folrthimhaimigealinggsortidnl 82 teebe fxedsbuisis anasles slidabie refardingion or
the third main bearing portion 75. Further, the second sub guide shaft 79

tlsamadé&eo penetrate the bearing holes of the two bearing pieces 83a 51

and 83b of the fourth sub bearing portion 83 and the bearing
The image stabilizer 5 with the above-mentiocned

structure is, for example, assembled as follows. First, as
shown in FIGS. 20 to 22, the £flat coil 88 is fixed to one
surface of the coll suppeorting member 86, and the
cylindrical coil 81 is fixed to the opposite surface to
which thé flexible printed circuit board 87 is connected.
Thus, the coil assembly beody 93 in which the coil supporting
member 86 and the two c¢cils 88 and 91 are 3joined is
constructed.

The lower piece 66b of the yoke 66 1s inserted into the
hole of the cylindrical coil 91 of this coil assembly body
83 from the lateral direction, and the lower magnet 67b
fixed to the inner surface of the lower piece 6¢b ié opposed
to the thrust-generating portion 92 of the cylindrical coil
91. At the same time, the upper magnet 67a is opposed to the
ﬁpper surface of thé flat coil 88. Thus, the thrust-

generating portions 89 and 8% of the flat coil 88 and the
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groove 78 of the third sub bearing portion 76. On this 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 second moving frame 52 can move with respect to the

tlg(é%%19@?%198?5%?%83’M@?S??r@'ﬂ“egﬂi%ﬁ%ceé 1he gecond dirgeiong; g

, hamely, can move by the length obtained by subtracting the distance

nDehveen the.quter sydaces of the lwg bearing pieges 82a andgBeb otthg g7y,

fourth main bearing portion 82 from the distance between the inner

¢ SHHagRs 0&&!}%%%9%%2%9 pieces 293 and75b ot-thethird main beating. o131

portion 75. Next, the lens Tixed portion 51a of the first moving frame 51
= {aGes 1he secand movingsfrarpeS2; frora ahove :and, 1be Jwg pegring s mounted

pieces 61aand 61b of the first main bearing portion 61 are positioned

oRetween thedwo hearngpieges:fla apdi71b gfthe seggnd mala beanntang is
portion 71. Then, the first sub bearing portion 62 is positioned between

pihe o, hearing pieges 723 apd 20 10f theysegondhsul-bearing:pertion 85a and

72. Subsequently, the first main guide shaft 63 is made to penetrate the

g baaringthales ofithe fows bearng pieces 8dambiberlagndi/lb of Hheifirsin  the
main bearing portion 61 and second main bearing portion 71. On this

cecqaswixhe-firshgnair guide shafb63 is pressedrntoghenficst mairm such as
bearing 52 portion 61 to be fixed, but is made slidable regarding the
adhesive.

Next, the second moving frame 52 faces the moving frame
supporting portion 53z of the fixed base board 53 from above,
and the two bearing pleces 82a and 82b of the fourth main
bearing portion 82 are positioned between the two bearing
pieces 75a and 75b of the third main bearing porticon 75. And
the third sub bearing portion 76 1is positiconed between the
two bearing pieces 83a and 83b of the fourth sub bearing
portion 83. Subsequently, the second main guide shaft 77 is
made to penetrate the bearing holes of the four bearing
pieces 75a, 75b, 82a and 82b of the third main bearing
portion 75 and. fourth main bearing portiocn 8Z. On this
occasion, the second main guide shaft 77 is pressed into the
fourth main bearing portion 8Z to be fixed, but is made
slidable regarding the third main bearing portion 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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second main bearing portion 71. Further, the first sub guide shaft 65 is
made to penetrate the bearing holes of the two bearing pieces 72a and
72b of the second sub bearing portion 72 and the bearing groove 64 of
the first sub bearing portion 62. On this occasion, the first sub guide shaft

ar@é i Bres é?bdﬂ'%tg t@%ﬁ&%&:”&%’%%%%feg%ﬁ%%ﬁﬁo @@ f%@g’ Qlﬂte‘isbearing

made slidable regarding the first s g portion 62. Thus, the first

gga%%gf el can mave with respect.ta.the, second moving-feame 82, +y,5 ¢

y a predetermined distance in the first direction X, namely, can move by

oihe length ohtained by subtracting, the distance.bejween theQUIeL 5 into the

surfaces of the two bearing pieces 61a and 61b of the first main bearing

£DQHign 61 fromyihe dist i‘g@ﬂ%@lﬂ the inpes swfaces R Ahe tWe: 35 made

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

s iheiueke 66t whichfhe fwa magnets 6/a,and67h are fixed isattached ohys,

to the first moving frame 51. Regarding this installation of the yoke 66, the

cekeLo-may heqattachedtothe fiest meying frame 5% inadvansechefore ; the
the first moving frame 51 is attached to the second moving frame 52.

£ Skbgeayently, theL£od supporting sdand 854erwhietirthg calliasseAtly in  the
body 93 is attached is attached to the coil fixed portion 53b of the fixed

stehagelaoargr%%ﬁ@é%hisf@@@gon, thencylinehicab goit 9k isififtegkfrombtained
e

by subtracting the distance between the outer surfaces of
the two bearing pieces 82a and 82b of 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 pleces 6la and 6lb of the first main bearing
_portion 61 are positioned between the two bearing pieces 7la
and 71b of the second main bearing portion 71. Then, the
first sub bearing portion 62 1s positioned between the two
bearing pieces 72a and 7Zb of the second sub bearing portion
72. Subseguently, the first main guide shaft 63 is made to
pensetrate the bearing holes of the four bearing pileces €6la,
61b, 7la and 71b of the first main bearing portion 61 and

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

main guide shaft 63 is pressed into the first main bearing
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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 supporting
stand 85 is fixed to the fixed base board 53, using a fastening mechanism
such as adhesive. By doing so, the assembly of the image stabilizer 5 is

cSompleted, and the image stabiliger 5 with astructye shown ipEIGS1134 the

to 17 is obtained. The tfunctions of the image stabilizer 5 with the above-

s gggﬁgb&gfguggg% .88 gqu% The movement of the correcting lens

15 of this image stabilizer 5 is performed by selectively or simultaneously

supRlying.a driving,gurrent of.an appropgiatesvalug iq the flatcoil88 apd 5o +o

the cylindrical coil 91 of the electric actuator 54 via the flexible printed

o&ifCHit board: 87, The flat cojl 88.and thecylinddcal ¢oil 8L oFthis iMagees 72a

stabilizer 5 are fixed to the coil supporting stand 85 by means of the coil

arsypperingimember 86 -and furtherare; fixedto.the dixed bagg board 53 caring

by means of the coil supporting stand 85. On this occasion, the

gidstoeneraging pedions 89a andi8oh-afthe flat ol 88iare extendeddn  this
the second direction Y, and the thrust-generating portion 92 of the

o&ylirdrigal ceih@l is;extendegdn the fiest direction &6 Also, sincedhe Weto the
magnets 67a and 67b fixed to both ends of the yoke 66 are provided
s&beva angdibelove betivihe goilst 54:88 and ¥, theanagngtiaifluxia is made

magnetic circuit formed by

slidable regarding the first sub bearing porticn 62. Thus,
the first moving frame 51 can move with respect to the
second moving 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 6lb of the first main bearing
portion 61 from 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 €7a and 67b
are fixed is attached to the first moving Iframe 51.
Regarding this installation of the yoke ©6, the yoke 66 may
be attached to the first moving frame 51 in advance, befcre
the first moving frame 51 is attached to the second moving
frame 52. Subsequently, the coil supporting stand 85 to

which the coil assembly body 93 1s attached is attached to.

the coil fixed portion 53b of the fixed base board 53. On



the yoke 66 and the two magnets 67a and 67b acts in such a manner as
to vertically pass through the thrust-generating portions 89a and 89b of
the flat coil 88 and the thrust- generating portion 92 of the cylindrical coil
91. Meanwhile, the yoke 66 and the two magnets 67a and 67b are fixed

tHe thedirstmoying frame S4/holdingithe: cosrectingotens 35. Thereaireetingn the
lens 15 is supported by the first guide, which has the first moving frame

18deina mevable manneeindhe fiest diseetion Xiwith respectdd thene yoke 66
second moving frame 52. Further, the correcting lens 15 is supported by

arie seeond-guidenwhichthasthe seeond srovingd frame52He anmoyvaklgereot.
manner in the second direction Y with respect to the fixed base board 53.

THherefoee, wth theu petion ofthedirstrglide and seconrdigtiderthe fixed base
correcting lens 15 is freely movable both in the first direction X and

bseeeand directon withif s predetermireth eangem!f andlecikc euthentisre. By
applied to the flat coil 88 at present, the electric current flows in the

dskngnd gisectiarh el atthedhivst-gendratingportionsdOa ancB9A beeause> is
the thrust-generating portions 89a and 89b are extended in the second

calinettard, Omthis-becasiong sinsedhe Magretid fluxtof the stagneticre shown
circuit acts in the up-and-down direction vertical to the thrust-generating

impofticits.89Band 89b, fercetdirectedtlin the first direction X acts on the 55
magnets 67a and 67b and the yoke 66 according to Fleming's

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 simultaneously supplying a driving current
of an appropriate value to the flat c¢oil 88 and the
cylindrical coil 91 cof 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 fixzed 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 8%b of the flat coil 88 are extended in the
second direction Y, and the thrust-generating porticn 82 of
the cylindrical coil 91 is extended in the first direction X.

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

o O ] = - A I et ol N
of the yoke 66 are provided above and below both the coils
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left-hand rule. Thus, the first moving frame 51, to which the yoke 66 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 accordance with the magnitude of the electric

8 SUHEAL appliegHe the dateqib88.1Q1 therotherband tif an electric euretmed by
is applied to the cylindrical coil 91, the electric current flows in the first

ridirectioneX @t thenthrust-generating gadion 927 beealusedhs acts in such a
thrust-generating portion 92 is extended in the first direction X. On this

mPE6aomn singe the-magnetia fluxs akthetnagnetic cireuit agisinthegenerating
up-and-down direction vertical to the thrust-generating portion 92, force
péliregteds ingba second glinection Yragts @n the madnets87azand 64 anthrust~
the yoke 66 according to Fleming's left-hand rule. Thus, the second
g@ming framepb2 miavesda thef secandegitectioniY-ady meabs ®f the first
moving frame 51 to which the yoke 66 and the like are fixed. As a result,
the coseecting lens Ihemoudsdn dte secondidéection Yhawitlethe féSe and 67b
moving frame 51 and second moving frame 52 guided by the second
agaidefirxadcordanceivith thie magnituder dohthe efectnie cursént apgliedrtg  the
the cylindrical coil 91. Also, if electric currents are simultaneously applied
cto theflabgoill@dand the cyllindrical cod @1 the mevemént 56 by tpefiatted by
coil 88 and the movement by the cylindrical coil
the first guide, which has the first moving frame 51, in a
mocvable manner in the first direction X with respect to the
second moving frame 52. 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 board 53. Therefore, with the
action of the first guide and second guilide, the correcting
lens 15 is freely movable both in the first direction X and
second directicon 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 portions 8%a and 8% because the
thrust-generating portions 8% and 8% are extended.in the
second direction Y. Cn this occasion, since the magnetic
fiux of the magnetic <circuit acts 1in the up-and-down

direction vertical to the thrust-generating portions 85%a and

8%b, force directed in the first direction X acts on the
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91, both of which have been mentioned above, are performed in a
combined manner. Specifically, the correcting lens 15 moves in the first
direction 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

m&geerd dirgstionhy deedo thesaction ofthe-elentric ewseatiwhich Jlowseming’ s
through the cylindrical coil 91. As a result, the correcting lens 15 moves in

1 ardiagenral diraction, thereby stahdlizingrgrages ef the lerssystem, 2. £6G.which
23 shows another embodiment of the above-described electric actuator

t184. Igthis eleetric.actuatbe54Ai reoik assefithhe bpdyrRrissassembteckin first
a different direction, and its components are similar to those in the

d abeve-tescrhed rembodisaent: In thissembodimentnthelenilsassgnmidy d by the
body 93 is attached to a fixed base board 53, with the lengthwise

f directiorofditegtidn amewhich anthvest-genetatingfiartion dcextends)cof afjat guided
coil 88 being directed in the first direction X. And a yoke 66 to which

bnagnetsté s andibiiayre ifixed asattaehed:tova filst movingdpamésde of the
such that the lengthwise direction of the yoke 66 (the magnets 67a and

e bZbtas wellhcorespamsiwithl tHeolengthviide tirectidn 68the flat coil 88.
Therefore, a thrust-generating portion of a cylindrical coil 91 is extended
in thesetdrd ditbetionrgbrpéddieulactbathe fitst directiemX. 57 Iktelied to
case of this embodiment, when an electric current

the cylindrical coil 91, the electric current flows in the

first direction X at the thrust-generating portion 82

because the thrust-generating portion 92 is extended in the

first direction X. ©On this occasion, since the magnetic flux

of the magnetic circuit acts in the up-and-down direction

vertical to the thrust-generating portion 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 tec which the yoke 66

and the like are fixed. As a result, the correcting lens 15

meves 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 tec the cylindrical coil S1.

Also, if electric currents are simultaneously applied to

the flat coil 88 and the cylindrical ceoil 91, the movement

56



is applied to the flat coil 88, the force with which a second moving frame
52 moves in the second direction Y is generated. Also, when an electric
current is applied to the cylindrical coil 91, the force with which the first
moving frame 51 moves in the first direction X is generated. FIGS. 24 and

b§5ab@%§%%h%%§mb9§m% of the abqves described cail assembly Rody coil

3. A coll assembly body 181 shown in this embodiment uses a first flat

o foil 132 s arcqil.constityling pait of a first drivge andisipiarly Lses (& r formed

second flat coil 183 as a coil constituting part of a second driver. The first

1 flat:coll 182:is formed-ofdwo eliigtical €0l poitionsdiflaandk8ding 1ens 15

disposed side by side, and these two coil portions 182a and 182b are

m&Qual in size and shape. Andr-aigtlady todhesflat ced 88 ndthefilsion of the
embodiment, the part where the two coil portions 182a and 182b are

< fdjacentto aachothenin their widdwise direction (the first girectioniX) 8, and
a thrust-generating portion 187. The second flat coil 183 has the same

astructuresagthe: ficst flat geil 482 riveludes twe £6il portipnsel83aranthe second
183b, and has a thrust-generating portion 188. These two flat coils 182

dapd d83ste dispesed suehthat theirthrust gemeraingqroriionsi@#and which
188 intersect each other at right angles, and the coil assembly body 181

fisccanstrugted oy the dirstffatcoil-1i82:heingfiXed #a one surfaee ofes5Bt, the
flexible printed circuit board 184, which serves as a coil

correcting lens 15 moves in a diagonal direction, thereby

stabilizing images of the lens system 2.

FIG. 23 shows another embodiment of the above—described
electric actuator 54. In this electric actuatoer 54A, a coil
assembly body 93 is assembled in & different direction, and
its components are similar to those in the above-described
embodiment. In this embodiment, the coil assembly body 93 is
attached to a fixed base board 53, with the lengthwise
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 is attached to a first moving frame 51 such that the
lengthwise direction of the yocke 66 (the magnets 67a and 67k
as well) corresponds with the lengthwise direction o©f the
flat coil 88. Therefore, a thrust-generating portion of a

cylindrical coil 91 is extended in the second direction Y

perpendicular to the first direction ¥.
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supporting member, and the second flat coil 183 being fixed to the other
surface thereof. Further, in this embodiment, one magnet 186 is attached
to the upper piece of a U-shaped yoke 185, thereby constructing a
magnetic circuit. Regarding the magnet 186, its lengthwise direction is set

in a gireetion parpendicutaii to hedbeustgeneratingpostior: obiherfirst flatr rent
coil 182 (the first direction X) . The coil assembly body 181 with the

1 @beuepdescribadbstrugtures sitpilady ta the aboveglesafibede with which a
embodiments, makes it possible to secure large thrust- generating

s pesionsmisradditiontamstoring theflatcoils: 182andd83wdthiiacction Y is
predetermined space, and the whole of the device can be small-sized.

gddereaver] in the ease ahthis embotiment] i ispassible tdsnakesthesedil to the
assembly body 181 considerably thin in comparison with the

cpbbueatdbsetiberh Chil adsentbily bddy 88 and thuswhe eihotenhef thie deticenoving
can be made thin. It should be noted that a coil assembly body of an

£ immage Sdtabitizersadcording tbiansemBbodiesent of the preseat dmedntidn
can be constructed by combining two cylindrical coils together. In this
casel IS twozdylindricakbEoilstarw  disposkdsucmibad thsint of the above-
thrust-generating portions intersect each other at right angles and face

desch Dilst. Amilbyzegptyihg theowagnétit-forck ofaimagret eoboth thedy 181

59 thrust-generating portions in common, it is possible to
shown in this embodiment uses a first flat coil 182 as a

coll constituting part of a first driver, and similarly uses
a second flat coil 183 as a coll constituting part of a
second driver. The first flat coll 182 is formed of two
elliptical coil portions 182a and 182b disposed side by side,
and these two coil portions 182a 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 18Za and
182b are adjacent to each other in their widthwise direction
{the first direction X) is a thrust-generating portion 187.
The second flat coil 183 has the same structure as the
first flét coil 182, includes two coil portions 183a and
183b, and has a thrusﬁ-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

. o~ .,.' - - o~ 0" T m & e Ll e - - P g -+ -
by the first flat coil 182 being fixed to cone surface of a
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apply thrust to the side of the magnet and thus to move a correcting lens
in a first direction and second direction. Also, as opposed to the
above-described first embodiment, a cylindrical coil can be fixed to the
upper surface of a coil supporting member 86, being used as a first coil,

rangiaflat geil garkbe fixedta thedewersurfage ofaflexiblesprinted gircuit coil
board 87, being used as a second coil. The above-described

s@sphadimentsiemploy Whatds ealledsk sneving: magnebmethogl; inowhieh fixed
the coil assembly body 93 provided with the two coils 88, 91 and the like

tds fixed - Hbe fixed base boaed &3 fthe yoke 66 and the magnets 67a and
67b are fixed to the first moving frame 51; and thrust generated by

applyingteleetyic Thrrehtsso 4> 6688 and Bk imappled todbe skezof tached
the yoke 66 and the magnets 67a and 67b so as to move the correcting

tdenstHe Hawever, apimage stabilizer ateartingdd anyerkbodimeht of theaereby
present invention can also employ what is called a moving coil method,

cassapposedrig the abkoyesmentianed-mbying riagrzetdirethodh e whighdhe 186,
yoke 66 and the magnets 67a and 67b are fixed to the fixed base board
158, arddhideditassemblytbotly 93 istxedito the filstendving frameshdticular
should be noted that according to what is called a moving magnet method
tasshewnlin tsoseyembodinienys nthetflexible printed cireuit bodrk87 ofoil 182
the coil assembly body 60 93 can be fixed to a predetermined place,
(beecaldde e cdilkection X). The coll assembly body 181 with the
above-described structure, similarly to the above described
embodiments, makes it pecssible 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 coil assembly body
181 considerzbly thin in comparison with the above-described
coil assembly body 93 and thus the whole o©f the device can
be made thin.

It should be noted that a coill assembly body of an image
stabilizer according to an embodiment of the present
invention can be constructed by combining two cylindrical
celils together. In this case, the two cylindrical coils are
disposed such that their 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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assembly body 93 is fixed to the fixed base board 53. As a result, since it
IS not necessary to secure a space for allowing the movement of the
flexible printed circuit board 87, a device can be small-sized. Further,
since it is not necessary for the flexible printed circuit board 87 to move,

cifigase Ihesiyanee onna o lgraldefrmatian o e fREMIEle <o

circui ard 87 Is not caused. Therefore, the load of the electric actuator

_agélgﬁeémwe@é%@s GOIRCting lens L Scansurely bg moved by, nove a

thrust, and power consumption can be reduced by lowering electric

cEUUERtS;applied ta the,colls 88 and 9L The image siabilizer S hayingthecc i on.

above-described structure and functions is attached to the lens barrel 1,

a@8oshon NG 4 o d 1 fBe ipage stabilizer gdsinseded IBRARA ment, a

-pulled out of the opening 48, provided in the lower barrel 18 of the barrel

cbody 3y frem theJateralgirastion:: apd is attashed iobe lweriarel 48 ia o1l

a detachable manner. In this case, the image stablilizer 5 according to an

sEposiment afdnsPresent inentionis egnsfriciedras awnitlobe 9n8 & flat
device, and so can be attached and detached easily and swiftly. The

chumesral-98shawn duFi ldnand ether figures denetes a cover MAMberinted
which covers the image stabilizer S. This cover member 98 is attached to

ctheslowerpbarrel 1879f thehagral bedy Ssin-a delaghablednanner by a 61
fastening mechanism such as fixed screws.

The above-described embodiments empleoy what 1s called a
moving magnet method, in which the coil assembly body 93
provided with the two coils 88, 21 and the like is fixed to
the fixed base board 53; the yoke 66 and the magnets 67z and
67b are fixed to the first moving frame 51; and thrust
generated by applying electric currents to the coils 88 and
91, 1is applied to the side of the yoke 66 and the magnets
67a and 67b so as to move the correcting lens 15. However,.
an 1mage stabillizer according to an embodiment of the
present invention can also employ what is called a moving
coll method, as opposed to the above-mentioned moving magnet
method, in which the vyoke 66 and the magnets €67a and 67b are
fixed to the fixed base board 53, and the coil assembly body
93 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 circult board 87 of the coil assembly body
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Next, operation of the lens system 2 of the lens barrel 1 in which the
image stabilizer 5 has been installed is explained, referring to FIG. 12.
When the objective lens 7A of the lens barrel 1 is aimed at an object, light
from the object goes along the first optical axis LI and is input from the
objective lens 7A to the inside ofg1e lens .st}/st m 2. On thgs occasion

five

* TightPhs8Ed tHrgh the objeRbvE fens™ 7A%E ekt By 50 irt the Prist 7B.° coil
and after that, moyes toward the CCD 4 along the second optical axis,L2.

& eé@ﬁ?cﬁllfﬁ%%t \%//%icﬁ%a%]b)éee%% ectiA}elg in%t%}éep?is%qa?g %%)(f \vaﬂ?é%%hhs As a

agi%d thrs%urghethe %ecgrsld Ieg%7c of the first-group |

ens /_passes
t Srougﬁ the secconcf-group lehs %Flee%%ﬁaégrr uptlgnsS §H %hei§ space for

a quorth.- roughlgns 1O’eﬁ\]aeésr$i$ts otzt.] roykg%] t%éc'g\:{% tl% I%Q_,Siil.l rg:‘;jyt%uit board

correc u?g lens 15of Ifth-group lens 171, and passes t

apiep! Jlies 14, thereby Jorgyng andnagg correspanding lathe.gbiget ofls not

eviCe .
tHe focal plane o_fct e CCD 4. In‘this case, at the time of Shooting, when

ngé@se%ef«ga%%:a%\ébﬁigmﬁ@Ogéee@%chtoabsé%qstb%@;d light + & move,

romt bject moves through each center portion of the first-group to

1 fith-graup lepses along.the optical axis ., (firstoptical ayisdd-and se6onds the

optical axis L2) as shown by the solid line of light 6A, and so an image is

slamadhat a.predetermingd, position.onsthe-fogal plane ofthe CCD 41682 efore,
and an excellent image can therefore be obtained without

the lcad of the electric actuator 54 does not increase, the
correcting lens 15 can surely be moved by small thrust, and
power éonsumption can be reduced by lowering electric
currents applied to the coils 88 and S1.

The image stabilizer 5 having the above-described
- structure and functicns is attached to the lens barrel 1, as
shownn in FIGS. 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 3 according to an
embodiment of the present invention is constructed as a unit
to ke one device, and so 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 %8 is attached to ﬁhe iower

barrel 18 of the barrel body 3 in a detachable manner by a
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image blurring being caused. On the other hand, at the time of shooting,
when camera shake or vibration is applied to the lens barrel 1, light from
the object is input to the first-group lens in a inclined state as shown by
the chain line of light 6B or shown by the broken line of light 6C. At each

£ m%grﬂge%geﬂgﬂiifgﬁ-ggm'ec{?eﬁ;t@ding@?@;q@qhts 6B, 6C pass

throug lenses, deviating from the second optical axis L2; however, it

is pq@é@e, too%%%%@:m% cg@e%gh@l@n%r g’ﬂes@@rrpyzm@fingﬁl%e lens barrel

correcting’lens 15 by a predetermined amount in accordance with the

1 camerg,shake orthe likg, This Juakes if possible toformanimageata 1.4 1s
predetermined position on the focal plane of the CCD 4, and an excellent

{1page £an be,obtained.by elinirating image plLing. fanerashakee 1ens 7a

vibration or the like regarding this lens barrel 1 is detected by means of a

o Blug detectorsAs this dlurdetecter: a.gyra sensor 687 bewsedifhc from the
example. This gyro sensor is installed in a camera body along with the

olensdiarrgbl sanghaneeleration, mnaidar yglociy 1angulas accelefation;and input
the like which act on the lens barrel 1 caused by a vibration, camera

£ shake-ard Heslikeraka phetpgrapher's hands are detected. ifermation system
detected by this gyro sensor, such as acceleration and angular velocity,

2 is suppliedite aeceatsaldeyvicel and the eeciria actator 6854d5 fldvenve lens

and controlled such that the first moving frame '
78 is bent by 90° in the prism 78, and after that, moves
toward the CCD 4 along the second optical axis L2Z.
Specifically, light which has been reflected in the prism 78
and which has passed through the second lens 7C of the
first-group lens 7 passes through the second-group lens 8,
the third-group 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 optical
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 #ibration are not applied to the lens barrel 1, light
from the cbject moves through each center portion of the
first-group to fifth-group lenses along the optical axis L
(first optical axis 11 and second optical axis LZ) as shown
by the solid line of light 6A, and sc an image is formed at

a predetermined position on the focal plane of the CCD 4,
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51 is moved in the first direction X in response to a shake in the first
direction X, and the second moving frame 52 is moved in the second
direction Y in response to a shake in the second direction Y, thus allowing
an image to be formed at a predetermined position on the focal plane of

aflie CGD 4.FIG, 28 shows asecond embadiment af adgnsharnel,og  without

according to the present invéntion, and its structure is substantially similar

1 isthe aboyerdeseribed.embadiment. Specifically, a lens barrel 1 includes

a leéns system 2,7a barrel body 3, an imager 4, an image stabilizer 5 and

the like. The lens.system2ihas five-geoupslgnses-n which anpluraliteof camera
lenses are disposed on the same optical axis L. The barrel body 3

s8URROTS the lenses of thisilenssystemy? #va fixed ofdpavable-manner,  1ight
The imager 4 such as a CCD or CMOS showing a specific example of an

fimpagerigdispesad-en ar optigalaxisdcof thedeng systemy2and isialse  in a

fixed to the barrel body 3. The image stabilizer 5 is attached to the barrel

1 hedy 3aind alsor-stabilizes ivagessf thelenspystem 12.:4s shownigitG. 65 or
12, the lens system 2 of the lens barrel 1 is constructed as a collapsible '

slepsringlyding dive rgneup lenses 1o 11 imwhish fivedens groupsrarehe first-
disposed on the same optical axis L. Specifically, similarly to the

gabaye-describedrembediment regarding theicollapsibte en§n64 sysemadf pass
this collapsible lens, the optical axis L of the

through the lenses, deviating from the second optical axis
L2; however, it is possible to correct 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 it possible to form an 1image 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, vibraticen or the like régarding this lens
barrel 1 is detected by means of a blu; detector. As this
blur detector, a gyro senscor can be used, for example. This
gyro sensor is 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 1like o¢f 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



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 L2 is set on the side of
the imager 4 (image focusing side) that is in a direction perpendicular to

he first, optical axis |1 (in a ditectign which int the first optical axi
YLl SPANTS o 68, X8 ot TLFISS 26 595 aniFolnbt AOUTES Sige “rome

he, structure,of.the five grou J%en es 7 to 11 forming the lens system 2 is
R T ot e B Tres SESSRBN. i CRE e B mtGng Shake

s ool aje omitted. Similafly, e structyte,of the lens barrel sholding, 5
IS lens system Z2'Is similar to he above-déscribed embodiment, and so

mg%(f@gn@r? n% theeres%fcegedo md%%%.g%%er%" l@gg_%dlrg%%epgé‘l%%\gelal shake in
according to this second embodiment, thé image stabilizers is greatly

tﬁgfe%‘?e@ég’é“ Jhatalthg .bQYe'Qﬁg%”beﬂl' W3 ﬁg%'nl-gfé‘aea%?:@’e be formed

O
stabilizer accordlng to this second embodimen great rent from

afheimaqesstabilizer, o acgguding 19,the, apgye-gdgsaribed empogi %’?utei”ccm 4.

that the drive system of the image stabilizer 5 in the second embodiment

is copstructegl; asa coll maving.system, whereas g drivesystem of the o o3

image stabilizer 5 in the above-described embodiment is constructed as a

aQ139Net Moving system. Here. e magnet 65, moving systen IS & gypleMyre 15
in which a magnet moves in

'substantially similar to the above-described embodiment.
Specifically, & lens barrel 1 includes a lens system 2, a
barrel body 3, an 1lmager 4, an image stabilizer 5 and the
like. The lens system 2 has five-group lenses in which a
pluraliiy 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 ©f an imager is 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 body 3 and also stabilizes images of the lens system
2.

As shown in FIG. 12, the lens system 2 of the lens
barrel 1 1s 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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combination with a correcting lens 15, and a coll is fixed. On the other
hand, the coil moving system is a system in which a coil moves in
combination with a correcting lens 15, and a magnet is fixed. 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.
N it e don. K SAed T e JG8 AT o aack OF the

width portions .15b and 15b are.formed outer periphe f o
1?#’115’ csc?lr/rse%cﬁﬁg en:§515g[)eyn5ro%/%1fr?gné?ec(%é%§h%tV\?c? p%%#%%sﬂheadﬁ%elgf 907 by

t CQ”&%E%W?% 0 ﬁg%%%ﬁﬁgfﬁ“%“@@% gorgeatinglens 13 isf "_P@E'ég 8ct on

irst'moving frame oving frame 51 includes: a ring-shape

tl#%ns {'égd oP rti;orpes]fiifgocwﬂe%sth?}g%r}?ggngEengrg‘%iﬁjg@et%vaecqgns , and

ixed portion 51b which is formed continuously to one sidé of this lens

» fixed portion 514, -heing falded infq the_form of acrank and to-which aicoil - 4

assembly body 93 is fixed; and the like. The lens fixed portion 51a has a

(Shape corespondingdodhe shapg ofthe correctinglens 13,2N0haRA 41 cular
fitting hole 58 into which the correcting lens 15 is fitted. A stepped portion

r high, gngages,with the stepped portion 15a of the, corfectinglens :¥xiS which
provided on the peripheral edge of the fitting hole 58 of the lens fixed

i pediansla Ruither thedens fixed 166.partion S1a hagtwarsyrtace avigthe ) |
portions Sic and Sic :

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 aﬁove“describ@d first embodiment,
duplicate explanations thereof are omitted. Similarly, the
structure of the lens barrel 3 holding this lens system 2 1is
similar to the above-described embodiment, and S0
explanations thereof are omitted as well.

Regarding the lens barrel 1 according toe this second
embédiment,.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 according to the
above-described embodiment, in that the drive system of the
image stabilizer 5 in the second 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 magnst
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corresponding to the two-surface width portions 15b of the correcting lens
15. And the yoke fixed portion 51b is continuous with the lens fixed
portion 51a at one side in the direction (first direction X) perpendicular to
the direction (second direction Y) in which the two-surface width portions

nENd Sigarepppased:to ather,Qn the putside of the twa-surface s 1n

width portions Sic and 51c of the lens fixed portion 51a are provided a

cdirstimain; bgaring portion: 61 and-first,suly Rearing postien 62.cHe; fikst  £ixed.
main bearing portion 61 has two bearing pieces 61a and 61b provided

oNVith @predetermined, amountof spage indeiweens ysthadfirstdirgctioh Xpem in
and a first main guide shaft 63 penetrates both the bearing pieces 61a

wiandiB1p indhe firstvditection X rihefirst Bainguide shall 6ads fixed ta ens 153,
both bearing pieces 61a and 61b with pressure, and both ends thereof

aReoteude framthedepringgpieces 61a and 61b to the outside. The first sub
bearing portion 62 is provided with a bearing groove 64 open to the

laterakdikgesion. A firstrsuts guide shaft @3 engages withrihis bgardag, on the
groove 64 in a slidable manner. The coil assembly body 93 constituting
opasrof aa relpakicHCtuatdyH4 diat is acdrives whichgmawvessthel Tprrecting epped
lens 15 in the first direction X and the second direction Y is integrally
peattached tothewtoildbxed postiore 6I=8lbiof the first movirg-rame=81. disrection
shown in FIGS. 40 and
is provided on one side. Further, two-surface width portions
15p and 15b are formed on the outer peripheral edge of the
correcting lens 15 by providing a recess 1in two poesitions
corresponding tc 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
fixed portion 5la into which the correcting lens 15 is
fitted; a coil fixed portion 51k  which is formed
continuously to one side of this lens fixed portion 5la,
being folded into the form of a crank and to which a coil
assembly body 83 is fixed; and the 1like. 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 is fitted. A stepped portion which
engages with the stepped portion 15a of the correcting lens

15 is provided on the peripheral edge of the fitting hole 58

¢f the 1lens fixed portion 5la. Further, the lens fixed
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41, the coil assembly body 93 includes a magnetic plate 86 having a
magnetic material in the form of a thin plate, a flat coil (first coil) 88 fixed
to the upper surface that is one surface of this magnetic plate 86, and a
cylindrical coil (second coil) 91 fixed to the lower surface that is the other

surface of the magnetic. plate end.o flexi rinted circuit
p%ég%do 87 ié%%si%éd bﬂ%ég%%k%%reﬁagﬁéé%atg g(%ec a%#t}gwe ?’yﬁ#@rigﬁd >le
csgidgé J;Pﬁfﬁh@gc Plate 86 s formed of a pripted circuithoard With ¢ ¢
predetermined Wiring circuits printed on its upper and lower surfaces, and

cIsglectically conpecteddfo wigipg circyils of fhe flexiple prinfed GGt 515 4

board 87. This magnetic plate 86 has a function of reinforcing the flexible

BHRte, glreuit nogrd 87 and afunclionof sprying;as,a 69il SUPPOING side in

member which prevents the part that supports the first moving frame 51

+from rattle. -the flat coil: 88 levelly-wound js installed,an the uppen surfage, the

of this magnetic plate 86, thus being electrically connected to a

d Predeterminedaninng patiern provided opythe; flexible; printedigircuithoard r £z ce
87. The flat coil 88 is formed of two elliptical coil portions 88a and 88b

wilisprsed side by side, Thedtwocoikpertigps 88aandS&ate other.

approximately equal in length in their widthwise direction, but different in

lengthin their langthwise gliregtien.cthe- 68reasen whydhe lenath o Wg 1¢c and
coil portions 88a and 88b are
51c of the lens fixed portion 5la are provided a first main
bearing portion 61 and first sub bearing portion 62Z. The
first main bearing portion 61 has two bearing pieces 6la and
61lb provided with a predetermined amount of space in between
in the first direction X, and a first main quide shaft 63
penetrates both the bearing pieces 6la and 6lb in the first
direction X. The first main guide sghaft 63 is fixed tTo both
bearing pieces 6la and 6lb with pressure, and both ends
thereof protrude from the bearing pileces €6la and 61lb to the
outside. The first sub bearing portion 62 is provided with a
bearing grcoove 64 open to the lateral direction. A first sub
guide shaft €5 engages with this bearing groove 64 1in a
slidabie manner.
The coll assembly body &3 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 coil fixed portion .

@]

67



different is as follows. By enabling a joint piece 66¢ of a yoke 66 to be
disposed on the outside of the short coil portion 88b, the area of the flat
coil 88 on the flat surface side is kept large and the electric actuator 54 is
situated close to the correcting lens 15, and so the whole of the electric

5 PStUatorad.can be smallzsized. Fhe fwo £oil pogliong, 88a-and 88baee 44 4ng

formed by winding one coll wire. Also, the direction in which the coil wire

118 WoHpd js.set suchdhah whenthe pawers supplied, an, £lectiq cugnte . g¢

is made to flow in the samé direction at thrust-generating portions 89a

h&404,390 whiclyexiend straight 4 theslgngthwise digctiop apd 818 1, piate, a
adjacent to each other in their widthwise direction. Regarding this flat coil '

£ 88+ eaghof e coil perions 884 and.8RD isdixeddo the dpagnatieplaternat is

86 by a fastening mechanism which is adhesive, with the lengthwise

oflirection of the two coil portigns,88a iand,BBbheingdiregted inthe-$econdy-i ca1

direction Y. The cylindrical coil 91 is attached to the lower surface of the

céexiblespringad cireuit poand 87 fixed tothedewebsutfage ot this maghetic s the
plate 86, and both ends of the cylindrical coil 91 are electrically connected

otharpredeterminedyviringpatters grevided opthe Hexible, prided ciguit of a
board 87. As shown in FIGS. 40 and 41 and other figures, the cylindrical

f ek 9 i providedkwith: ar 69 rectanrguilar space portion at itsreentessodsen the
to become a | _

magnetic plate 86 and the cylindrical coil 91. The magnetic
plate 86 1s formed of a printed circuit board with
predetermined wiring circuits printed on its upper and lower
surfaces, and is 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-wound 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 beocard 87. The £flat coil 88 1is
formed of two elliptical coil portions 88a and 88b disposed
side by side. The two c¢cil 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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rectangular cylindrical body as a whole, and is formed into the shape of

an angular cylinder by being wound by a predetermined amount so as to

have a predetermined thickness in the direction of a stack. Regarding this

cylindrical coil 91, a thrust-generating portion 92 is fixed to the flexible
rinted circuit 1t:)gard 87 b¥ﬁ1 f% eni@% mechanism vJ\C/kllig IS

t éesafrlec‘f%ﬁ in w%icllwelpsgcon wire é:xtend%o%eingﬁrecte%sin %?eg ﬁ;%}t{% V\é%‘b are
d% %%%tg:o(ﬁnné. '%O\g%r %'8 ¢ c_ﬁng Q .Of tg}?/nyt%ﬁ%lgﬁl %aaloyvc?{ﬁ%?gf?é @g b 6oc of a

egrally 1ixe thereto are inserte e space portion at enter of

ym?ecy%%dfiﬁ%' cgil 91, As shown in FIGS,. 30, 42.andother figures,dhe .+ i1

yoke 66 includes an upper piece 66a and a lower piece 66b, which are

pggﬁlghangBBepOE%% to§§z§Q otggr W&tﬂea pfﬁ%eéer@g‘fp ag’g)urgrpf the flat

space In between, and a joint piece 66¢, which joins the upper and lower

sPieggs H6a and 66b. The joint piece 66¢4s pravided.at. one sideofihe,r 54 is

upper and lower pieces 66a and 66b in a lengthwise direction, thereby

s forming a recess 664 for inserting part ofthe yoke fixed partign 24b ofthe yhole

first moving frame 51, in the lateral direction of the joint piece 66c¢. The

okecess 6odLfithe yoke 6608 provided for the pupese of bapging the coil
assembly body 93 closer to the correcting lens 15, and this recess 66d

enabjes.the.rlectre 1aGtuater 8440 be durther spall-sized. 79 TR hedpnerinding

surfaces of the upper and lower pieces 66a

one coil wire. Also, the direction in which the coil wire is
wound is set such that, when the power 1s supplied, an
electric current is made to flow in the same direction at
thrust-generating portions 8%a and 8% which extend straight
in the lengthwise direction and.are adjacent to each other
in their widthwise direction. Regarding this flat ccil 88,
each of the coil peortions B88a and 88b is fixed to the
‘magnetic plate 86 by a fastening mechanism which 1s adhesive,
with the lengthwise direction of the two coil portions B88a
and 88b being directed in the second direction Y.

The cylindrical coil 91 1s 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 81 is provided with a
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and 66b of the yoke 66 are fixed flat magnets 67a and 67b having the
shape of rectangles of approximately the same size as the pieces, by a
fastening mechanism such as adhesive. These two magnets 67a and 67b
vertically opposed to each other and the yoke 66 constitute a magnetic

rLledlt, Jon the electiic actuator 54. Specifically- oge magnstic, SIrgUlt o come 2

membeér including one yoke 66 and two magnets 67a and 67b serves as
r&dpageeticeircuif fora first pleqtric actuator Sgivformed by e flatgolleq :into

88, and as a magnetic circuit for a Second electric actuator 54B formed by

rithe cyhinddcalcoil 9, Furthar; Brojectod porions 692 apd 89 Whishna by =

project in the direction in which the magnets 67a and 67b are extended

o AL Bravidedhar ends of thesupper and lawerpigces 66a @8dy66R f tej ckness
yoke 66. These projected portions 69a and 69b are provided mainly for

ithe purpeseLf actively gleflegting-the magaelis:force-afithedpagnels 6731 coil
and 67b toward the yoke 66 side. Specifically, actively deflecting the

g magaetic, farce -ofdhe magness péa andb7bdowardiheyeke 66 side flexible
makes the magnetic field at the ends of the magnets 67a and 67b further

pegtake the magneticheldat e eeptess theseaihUniformaibratthem which is
magnetic field), and thus, interference between the first direction X and

athe=sacond diection Xecat)i bededueediregatding: pasitoncdetectian: Alsox tends
two flat 71 surfaces of the magnets 67a and 67b developed in the

being directed in the first direction X.

A lower pliece 66b 0of the yoke 66 and a lower magnet 67b
integrally fixed thereto are inserted in the space poftion
at the center of the cylindrical ceil 81. As shown in FIGS.
30, 42 and other figures, the yoke 66 includes an ﬁpper
piece 66a and a lower pilece 66b, which are parallel and
opposed to each other with a predetermined amount of szpace
in between, and a joint piece 66c, which jcins the upper and
lower pleces 66a and 66b. The Jjoint piece 66c is provided at
cne side of the upper and lower plieces 66a and 66b in a
lengthwise direction, thereby forming a recess 66d for
inserting part of the yoke fixed portion 51b of the first
moving frame 51, in the lateral direction of the joint pilece
G6C. The recess 66d of the yocke 66 1s provided for the
purpose of bringing the ccil assembly body %3 closer to the

correcting lens 15, and this recess 66d enables the electric

actuator 54 to be further small-sized.
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direction perpendicular to each other are brought in contact with or
adjacent to the inner surfaces of the projected portions 69a and 69b.
These projected portions 69a and 69b can be shaped to be rectangles or
squares as in this embodiment, but may be formed into other shapes

such-gs .semicircles. semiellipses ard trangles. ot cayrse. TS, Whep a0 g¢a

electric current is applied to the two coil portions 88a and 88b of the first

= Slecigactuatqn 54A, Jpagnalic feice produced by the magoets &7a.and, s 675

67b acts in a direction perpendicular to the flat coil 88, so that force

ndeqted inthe fivgt directien X acts an the siderof the, magnels 67a akdh e same

67b according to Fleming's left-hand rule. Also, when an electric current

si%appligd tothe cylindicad coil,91 of thergegond;elgClric A0A96e4Bsuch  as

magnetic force produced by the magnets 67a and 67b acts in a direction

a@esrendiculartodbe thiyst-aenatating porion 84, sprthat derceahich opposed
directed in the second direction Y acts on the side of the magnets 67a

tand H70 acepedingtodFleming s left- band gxeThe maghetic plate 86, the rcuit
flexible printed circuit board 87, the flat coil 88 and the cylindrical coil 91,

fydhichrhave beem pentiened:eadier, sanstitutg-theiqil-assgmblyhedy@netic
This coil assembly body 93, the yoke 66 and the two magnets 67a and
c 6¥b.constikiethe alaelticd] 2 actuatonish ol hedirsteleetie astuatens4/sia and

constructed
67b serves as a magnetic circuit for a first electric
actuator 54A formed by the flat coil 88, and as a magnetic
circuit for a second electric actuator 54B formed by the
cylindrical coil 9%1.

Further, projected portions 6%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
66bh of the yoke 66. These projected portions 6%a and €9b are
provided mainly for the purpose of actively deflecting the
magnetic force of the magnets 67a and 67b toward the yoke 66
side. Specifically, actively deflecting the magnetic force
cof the magnets 67a and 67k 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 X and the second direction Y can

. be reduced regarding position detection. Alsc, two flat



of a combination of the flat coil 88 including the two coil portions 88a and
88D, the yoke 66, and the magnets 67a and 67b; and the second electric
actuator 54B is constructed of a combination of the cylindrical coil 91, the
yoke 66, and the magnets 67a and 67b. Note that, the yoke 66 is fixed to

s@vekedixedportion a3b0f alater-mentioned fixeddase bogEd 83y a in  the

fastening.mechanism such as adhesive or fixed screws. As shown in

4FIGS+29 and 30, a-secend smoving frame 52 is. formed of aflahoatd contact

which is slightly wider than the first moving frame 51. The second moving

wifame 52 isaassambled faging the firstiBeving frarpe &4 incuch adnapper ected
as to fit under it. At the position of the second moving frame 52

peerrespandigmhtodhe fitimg holeh8 of the-firsk dpeving Famechkisesa and 6%b
provided a through-hole 68 which has approximately the same size as the

chtingdwle sQagha upper sface=ofthisssecondJnovingdearae 52:is in  this

provided a second bearing portion for supporting the first moving frame
shbdniarstidable mannerdly thedirstdireciton Xnibe secosd bearing:portioAch  as

includes: a second main bearing portion 71 which supports the first main

sgnitle ishafte 63, fixedi tolthedwstemavingftame §l=in,a fréelyslidable

manner; and a second sub bearing portion 72 which supports the first sub

guidé&'shaft 65hea fixed mdarmer rihdhestate 13 inwhiehtiia &st movinthe two
frame 51 has been fitted onto the

coill portions 88a and 88b of the first electric actuatcr 543,
magnetic force produced by the magnets 67a and 67b acts in a
direction perpendiculer to the flat coil 88, so that force
directed iIn the first direction X acts on the side of the
magnets 67a and 67b acceording to Fleming’s left-hand rule.
Blso, when an electric current is applied to the cylindrical
ceil 91 of the second electric actuator 5438, magnetic force
produced by the magnets €7a and 67b acts in & direction
perpendicular to the thrust-generating portion 82, so that
force which directed in the second direction Y acts on the
side of the magnets €7a and 67b according to Fleming’s left-
hand rule.

The magnetic plate 86, the flexible printed circuit

board 87, the flat c¢oil 88 and the cylindrical coil 91,
which have been mentioned earlier, c¢onstitute the coil

assembly body 93. This coil assembly body %3, the vyoke 66

and the two magnets 67a and 67b constitute the electric

12



second moving frame 52, the second main bearing portion 71 is provided
in such a position as to be able to support both ends of the first main
guide shaft 63. Specifically, the second main bearing portion 71 includes
two bearing pieces 71a and 71b which support both ends of the first main
agide: shafi 63, aridds pravidedear the-tpperstirface of teisdcondonstructed
moving frame 52 in such a manner as to protrude upward. The two
o bearing piecest7ilaranst7 ithef the secand inabt béardg portipntZearewo coil
formed apart from each other by the distance which is the total of the
plengthof thesfirstmadind Bearinggortark 61 fibthe dinst direetiomX¥ramdsthés 7a  and
length necessary for the first moving frame 51 to move in the first
¢ directiondX tTlee teabedrirgipieces. ZlaandFibare €ach provided withteed of
bearing hole, and both ends of the first main guide shaft 63 are inserted
a incthobe heating holestha slidabledmanaér. Atsbl inthe stdte invwhieh fer  and
first moving frame 51 has been fitted onto the second moving frame 52,
tiie secprek subbeasing ' poktion T2 tseprobiled inAgosiion 66 1s fixed to
corresponding to the first sub bearing portion 62. Specifically, the second
a supbrirearifg poitionr2tiheuddsiivo HBeafinglsiceds 72a aha @b whicted base
support both ends of the first sub guide shaft 65. The two bearing pieces
bgaahind¥ 2by are daditmovRRJINHENaBealinFH6R, 8fd Belesidsoftre fixed

74 first sub guide shaft 65 are fixed to those bearing holes
SCrews.

BAs shown in FIGS. 2% 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 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 has
approximately the same size as the fitting hcle. 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 51, in a freely slidable
manner; and a second sub bearing portion 72 which supports

the first sub guide shaft 65 in a fixed manner. In the state

13



with pressure. This first sub guide shaft 65 is inserted in a freely slidable
manner in the bearing groove 64 provided in the first sub bearing portion
62 of the first moving frame 51. The first sub guide shaft 65 and first main
guide shaft 63 are set such that their shaft center lines become parallel

it0 eadhathencanttthetfirstonavigg frame55 1 movabledn thd fitstd onto the
direction X, guided by both guide shafts 63 and 65. On the lower surface

s ot thedsesondmyoving:fiame 52 is Hprovided adhintkhearingzportion fesrtion 71
supporting the second moving frame 52 in a slidable manner in the

i segandrdidectiain Ysperpendiculai to.the first dicedtienaX Tehetthird b@acing both
portion includes a third main bearing portion 75 and third sub bearing

ePOrion 76 tTiee third shaimbéaringpartiors78,£Whi€h is orfipend ofittel Ly, the
second moving frame 52 in the first direction X, includes two bearing

s piared 7Saiand¥Sbr providedwittea predeterminatbamomst opspacerg pieces
away from each other in the second direction Y, and is provided on the

7lewersiirfate ofthecsecondmmovindpframesszip suthtthmadagsbstgin guide
protrude downward. The two bearing pieces 75a and 75b are each

s pedVidédBwith adoedingsolée datt bothterriswafre SeevitE Ain gdideshafiecond
77 which is extended in the second direction Y are inserted in those

mpEarieg hokssn 2 shidalsis tharnéraPb Als@ $hé thikk UL BESringPpertidn

76 is provided
The two bearing pieces 7la and 71lb 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 two bearing pieces 7la and 71b are eaph
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 meving frame 51
has been fitted onto the second moving frame 52, the second
sub bearing po;tion 72 is preovided in a position
corresponding to the first sub bearing portion 62.
Specifically, the second sub bearing portion 72 includes two
bearing pieces 72a and 72b which support both ends of the
first sub guide shaft €5. The two bearing pleces 72a and 72b

are each provided with a bearing hole, and both ends of the
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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 made in the lateral direction. A second sub
guide shaft 79 extended in the second direction Y perpendicular to the
= firstrdireationgt ngagesawith this beasing greave 78 inhoslidableananrer.holes
The second main guide shaft 77 and second sub guide shaft 79 are fixed
w e theofixadshase board 53,1 tespectivély gThedseconetfimovihg framen52 isted in
assembled facing this fixed base board 53 in such a manner as to fit over
a ittAsshown in BHES 22 80rand dthertfigurdss thelfixedgbasebodrél 58rovided
includes a moving frame supporting portion 53a which corresponds to the
irsecond molviregframe 52imesizey yoketfixed pbiiow 53-preovidéd st moving
integrally and continuously with this moving frame supporting portion 53a,
£ raamdethé like. The Moviay fiarhe suppbrting pbkionH3mnof the fixedhase guide
board 53 is formed of a flat board which has approximately the same size
stasfthe §8condemeviig frame 52 anhd tHeyokestirdd portiohs3bignes become
continuous to one end of this moving frame supporting portion 53a in the
péirstdiettioroX. #acihe pbsition ofthe nidving fransd suppotig poresle S1 1s
53a corresponding to the through-hole 68 of the second moving frame 52
miy piodAded A thidiigh-hbkes81 wHiglehas capproximatelyieie shime Sigglas guide

the through-hole 68. A fourth 76 bearing portion, which supports the
skeédird Moviiiframe 52

On the lower surface of the second moving frame 52 is
provided a third bearing portion for supporting the second
mcvihg frame 52 in a slidable manner in the second direction
Y perpendicular to the first direction X. The third bearing
portiocn includes a third main bearing portion 75 and thirc
sub bearing portion 76. The third main bearing portion 75,
which is one end of the second moving frame 52 in the first
direction ¥, includes two bearing pieces 75a and 7bb
provided with a predetermined amount of space away from each
other in the second direction Y, and 1s 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 is extended in the second

direction Y are inserted in those bearing holes in a

glidahle manner.
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in a slidable manner in the second direction Y by means of the second
main and sub guide shafts 77 and 79, is provided at both ends of the
upper surface of this moving frame supporting portion 53a in the first
direction X. The fourth bearing portion includes a fourth main bearing

portign 82 dispgsed.on:qne sidg.in thedirst, direglion Xy and-asfourth suly i ged

bearing portion 83 disposed on the other side in the first direction X. The

a QU Main bearing perion &2 inchides twoheasipgdieces 828 andif2b secong
provided with a certain amount of space away from each other in the

m§eead diregtion ¥» and,ispravided-ar thesupper ;sixfage of themoving ra sub
frame supporting portion 53a in such a manner as to protrude upward.

od heiwg hearingpieces 82a grd-82arecach proywded With abeakieg 78 made

hole, and two positions in the middle of the second main guide shaft 77 in

1 s ayal dirgetion are pressediipto. thosg beasivghples @ bedfixege Thusirt 79
both ends of the second main guide shaft 77 protrude to the outside of
efhe vz Bearing pigees 828l 83k rEhe bearing holes petheitwolbearings  the

~ pieces 75a and 75b of the third main bearing portion 75 provided on the
£ Seeends maving rame S2rayeditted ¢q the protreding pottionsat Jaoth ends in a
of this second main guide shaft 77 in a slidable manner. The two bearing
s pletes ISarantnaah, areTaparsienn eaats otheghy thre distafhice Whicnid second
the total of the length 77 between the two bearing pieces 82a and 82b
sand theiléagtBhaft 79 are fixed to the fixed base board 53,
respectively. The second moving frame 52 is assembled facing
this fixed base board 33 in such a manner as to fit over it.
As shown in FIGS. 29, 30 and other figures, the fized
base board 53 includes a moving frame supporting portion 53a
which corresponds to the second moving frame 52 in size, a
yoke fixed portion 53b provided integrally and continuocusly
with this moving frame supporting portion 53a, and the like.
The moving frame supporting pertion 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 yoke
fixed portion 53b 1is continuous to one end of this moving
frame supporting portion 53a in the first direction X. At
the position of the moving frame supporting portion 353a
corresponding to the through-hole 68 of the second moving

frame 52 is provided a through-hole 81 which Thas

approximately the same size as the through-hole 68. A fourth

76



necessary for the second moving frame S2 to move in the second
direction Y. Therefore, the third main bearing portion 75 of the second
moving frame 52 is supported in a movable manner outside the two
bearing pieces 82a and 82b, with respect to the second main guide shaft
b fixed tothe fourth miaincheayingpartien 82 ef thedixed base bogrdfh3ame 52
Also, the fourth sub bearing portion 83 includes two bearing pieces 83a
irand 83bprevided withreecertain ameurteafosphce aweaytfrom eéachptheeans of
the second direction Y, and is provided on the upper surface of the
t meovireg framhensuiporting pokionbB3aan el aamdnnerras té protivdeprovided
upward. The two bearing pieces 83a and 83b are each provided with a
abedrinigh hoteydnd the sebendwstbguidesha# 9 isofressedsntoakidosgy frame
bearing holes and supported with both ends fixed in its axial direction.
s BeRwe i tige Seoio bearhig pietes 183afand 838 ithedidavimg’groove 78 of
the third sub bearing portion 76 provided on the second moving frame 52
engddes withithésecbrd BUDQuidSHafeT9 intaskdalsie mannerourth  main
Therefore, it is possible for the third sub bearing portion 76 to move by a
beradatsrmiprebtdistance in thel sacorrd direBtiorPYeguitieddy the sdeofd first
sub guide shaft 79 between the two bearing pieces 83a and 83b. The
dyBRE ks pdriciSBIFofthedixed base Mard BS iPdsimed of d rédgimypsed on
square flat part which has a supporting 78 portion 84)£)rotruding upward, .
t%%dﬂ%?§ﬁbp§ﬂﬁﬁ]dﬁﬁdﬁ¥%—flrSt direction X. The fourth main

bearing portion 82 includes two bearing pieces 82a and 8Z2Zb
provided with a certain amcunt 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 pileces 8Z2a 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 ihto those bearing hcles to be fixed.
Thus, both ends of the second main guide shaft 77 protrude
to the outside of the two bearing pieces 82a and 82b.

The bearing holes of the two bearing pieces 75a and 75b
of the third main bearing portion 75 provided on the second
moving frame 52 are fitted to the protruding portions 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 totzl ¢f the length

HE oY
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is disposed on one side in the second direction Y. The lower piece 66b of
the yoke 66 is engaged and held by means of this supporting portion 84.
Thus, the yoke 66 is fixed to the fixed base board 53, with the upper and
lower pieces 66a and 66b and the two magnets 67a and 67b opposing

pdhe direction.of the oplical axis. Ipithiscasesthe yoke GEmaynke held by ength

means of the holding force of the supporting portion 84, or may be

ndastened andrfixed using adastening.oneshanisisdch 95 fixed sgsews. in  the
Further, on the lower surface of the fixed base board 53 is provided an

sadlashment hoss:paition 53¢ forfixingribisshoarete the tansibaniebd, Alsearing
positioning holes 73A, 73B and 73C are provided in the first and second

poviRg frames 51 and 52=anddn theviixed Fasedeoagd S3satpasiionsed in a
which make the centers of the fitting hole 58 and through-holes 68 and 81

mapprERXdmatehrequabwhendae finst and; secondmevingframes BLandbz &2b,

and the fixed base board 53 have been fitted together. These positioning
wholes3#, 3B and 736 are pravided toimprade efficieficy ©f afiixed to the

assembly process and the like, by positioning the first and second moving
f fraptas HRiandhefixed hasethicard 53 infactomlahceandttbase board 53.

predetermined positional relationship, when the image stabilizer 5 is

being assembied. Thedirstmaimlandsalr begringgortions 613and62lofdes two

the 79 first moving frame 51, the first main and sub guide shafts '
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
poertion 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 7% 1is pressed into
those bearing holes and supported with both ends fixed in
its axial direction. Between these two bearing pieces 83a
and 83b, the bearing groove 78 of the third sub bearing
portion 76 provided on the second moving frame 5Z engages
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, 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

St T

formed of a roughly sguare flat part which has & supporting
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63 and 65, and the second main and sub bearing portions 71 and 72,

which have been mentioned above, constitute a first guide which guides
the correcting lens 15.in the first direction X perpendicular to the second
optical axis L2 of the lens barrel 1 by means of the first moving frame 51.

pdihe: dairdmaisrand-sul hearingypedions 18 andd 6 afjihe second mavingon 84
frame 52, the second main and sub guide shafts 77 and 79, and the

1 fourth prain @ndrsubrkearingepartions 82 endB3 capstitute arsegonduidel ower
which guides the correcting lens 15 in the second direction Y

p petpendinilas fo thrsegakk optical axishz atthe lensibairald dnd alseans of
perpendicular to the first direction X by means of the second moving

t Hrpgnes ©2p Astdessripedrabave, Bithis @nbedimeng opelmadietid cirfdiked to
member including one yoke 66 and two magnets 67a and 67b serves as

tlmemagretc tiscut forthedfirsBelestiich actuatorsdérarchd niagreticicireaies 66a
for the second electric actuator 54B. Therefore, since there is no need to

apdovidéla maghetich@rcuitvmenmieyfer-eactbdaverthe naiiberafposing the
components can be reduced to that extent, and the whole of the

d appatdtas cafi behsmalbsized L Farther, asishowriih FISS. 3tioe4 ageheéd o may
lower surface of the magnetic plate 86 are attached: two hall elements

b94 hrd 95 that areggusitiod ddtbetorsdocdetectifg x86 the poditien cfulmporting
correcting lens 15 as regards the first _

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

boss portion 53¢ for fixing this board to the lens barrel 3.

Alsoc, positioning holes 73R, 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 hele 58  and through-heles 68 and 81

approximately egual when the first and second moving frames

51 and 52 and the fixed base board 53 have been fitted

together, These positioning holes 73R, 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 porticns 61 and 62 c¢f the
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direction X and the second direction Y; and a temperature detector 96
that detects the temperature in the vicinity thereof. A thermistor 96, for
example, can be used as the temperature detector. This thermistor 96
detects the temperature in the vicinity of the coil assembly body 93 and,

£ yhen the temperatgdn the, viaipity hasrdsenda g, pradetesmineghvadée Ahart s
above, a temperature correction is performed in addition to stabilizing

& images blarred hy achandsshaked viReationgi dheslike. BBe fitsthaliortions 71
element 94 showing a specific example of a first position detector detects

athe positiamekthe heareeating tenseth invthedirstidirestion Xyt means ok first
the first moving frame 51. Also, the second hall element 95 showing a

gapeeificvexanplenf aigacondposition tletectory delects the position ehthe first
correcting lens 15 in the second direction Y by means of the second

d naving rame 52e Thenfirsthalkelement:94 is sheposed aponesidezofihe 1.2 of
cylindrical coil 91, and the second hall element 95 is disposed at the other

t silelafitheleylindrical cbi Ohebm predetetminéd positions ithe firsstdradd 51. The
element 94 and the second hall element 95 detect the strength of the

t maghetie iforcenof thelovieranagret 67bt and shetbouwtpadt detectibnthe second
signals in accordance with the strength of the magnetic force. Based

nopondhe deteetion signads fsemahdsentia hathBlselemenisi®d ahdO5sa77 and
control apparatus calculates the

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 directicon 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, in this embodiment, one magnetic
circuit member including one yoke 66 and two magnets 6&7a and
670 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
components can be reduced to that extent, and the whole of
the apparatus can be small-sized.

Further, 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 position detectors for detecting
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position of the correcting lens 15. The image stabilizer 5 with the
above-described structure can be assembled, for example, as follows.
First, as shown in FIGS. 40 and 41, the flat coil 88 is fixed to one surface
of the magnetic plate 86, and the cylindrical coil 91 is fixed to the opposite
« gurfacestowhich dfe flexible prinied Girguit bpard:87 iscopnestedsThUS: £irst
the coil assembly body 93 in which the magnetic plate 86, the flexible
4 printedicircui baard 87nthe twe daticoils 88andh theyoylindricalcolt &dsue-ature
joined is constructed. Next, the magnets 67a and 67b are disposed and
qfixed-en rthe insidg of thedpper pieeeB6arantblower piece 66b efthe vicinity
yoke 66, respectively. The lower piece 66b of this yoke 66 and the

t maghet 67b arecnseried e thshole et thexeylindecal €ol 98.0f the=eDilas the
assembly body 93 from the lateral direction. Then, the lower magnet 67b

t isnpade to face the loyrer:surface i ihe thrusi:generating pationi92eefts the
the cylindrical coil 91, and the upper magnet 67a is made to face the

t gppersitiace dithetlat eaib88.1Thus; thec lilerusbgeneratingipostiansdBPas3 and,

and 89b of the flat coil 88 and the thrust-generating portion 92 of the
whylindricakcoil: Sdare dield-between theaippetiand iower magnete 69arandto a2

67b, thereby constituting the electric actuator 54. The magnetic plate
p fiedibte reintoeding plate) 86:0f thiscelectria 82 acfuatertd s fixed tosthieion is

coll fixed portion 53b of the
performed in addition to stabilizing images blurred by a
hand shake, vibration or the like.

The first hall element %4 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 b51. Also, the second hall element 85
showing a specific example of a second position 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 895 is
disposed 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

h

orce. Based upcn the destection signals from these two hall
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first moving frame 51. Next, the second moving frame 52 is disposed
facing the moving frame supporting portion 53a of the fixed base board
53 from above, and the two bearing pieces 82a and 82b of the fourth
main bearing portion 82 are positioned between the two bearing pieces
e I5aants7510 of theythird main beatiog tpertionAp Angthe thrd stlhlates the
bearing portion 76 is positioned between the two bearing pieces 83a and
p&3btof dhe fourhsubdessingipartiaeB3. Sabsequently, the second main
guide shaft 77 penetrates through the bearing holes of the four bearing
pieces€5a, ibbg82a anchB2h 0f the thitd mainhthearinggortiehcibeani: scribed
fourth main bearing portion 82. On this occasion, the second main guide
sshaft 771is pressedeinte tertolietl, mdin bearngpbetiorsd? toohd fixed, bufirst,
is made slidable with respect to the third main bearing portion 75.
afFurthenytheisecBad Sub ghidershaft 79 pehetraiés thwugh thé beéaingixed to
holes of the two bearing pieces 83a and 83b of the fourth sub bearing
opertion 88zarw thé béarngngmoyeirs of tkea thir@ Sub badringsortiuni Z&idrical
On this occasion, the second sub guide shaft 79 is pressed into the
cégurth 8db bearingipertiontss td-be fixedrbgtisfnaderdipadle With which the
respect to the third sub bearing portion 76. Thus, the second moving
firamieo32 carr iiovedvithirespéct tbo®sd 87 is connected. Thus, the

coil assembly body 83 in which the magnetic plate 86, the
flexible printed circuit board 87, the two flat coils 88 and
the cylindrical coil 81 are Jjoined is constructed.

Next, the magnets 67a and 67k are disposed and fixed on
the inside of the upper piece 66a and lower piece 68b of the
yoke €6, respectively. The lower plece 66b of this yoke 66
and the magnet 67b are inserted into the hole of the
cylindrical coil 91 of the coil assembly bedy 93 from the
lateral direction. Then, the lower magnet 6&7b is made to
face the lower surface of the thrust-generating peortion 82
of the c¢ylindrical coil 91, and the upper magnet 67a 1s made
to face the upper surface o¢f the £flat coil 88. Thus, the
thrust-generating portions 8%a and 8% of the flat coil 28
and the thrust-generating porticn 82 of the cylindrical coil
91 are held between the upper and iower magnets 67a and 67b,
thereby constituting.the electric actuator 54. The magnetic

plate {flexible reinforcing plate} 8¢ of this electric

Lol WS
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the fixed base board 53 by a predetermined distance in the second
direction Y, namely, by the length obtained by subtracting the distance
between the outer surfaces of the two bearing pieces 82a and 82b of the
fourth main bearing portion 82 from the distance between the inner
aStisfages ofs theitwo beasing pieces €5aand 750 ekthe phird main bearing £ the
portion 75. Next, the lens fixed portion 51a of the first moving frame 51 is
f gisposedcfacigg thesecand moving frame 52 from above, and the two
bearing pieces 61a and 61b of the first main bearing portion 61 are
positiemed betweendhetdomhearing fieees:7 lanids 7 Hi eptheeseciading the
main bearing portion 71. And the first sub bearing portion 62 is
npositignéd detweenmthetwonbe gringtpieces52a and mofﬂheesbdmmde board
sub bearing portion 72. Subsequently, the first main guide shaft 63
5 pehetmtesithedearng hiotes dfthe fewrbegring. pieces 62a, 61l Bldbamuf the
71b of the first main bearing portion 61 and second main bearing portion
fQirOn thisiocchsionithe fipstridinrguitie shafe 6P isyiressedihtdoierfign the
main bearing portion 61 to be fixed, but is made slidable with respect to
tiee Sevondrigairbearing poriioreTE Fukthercthe first st guide shaf 63>earing
penetrates through the bearing holes of the two bearing pieces 72a and
PIPbisinthe’Second Bul bedking Portidie 723k thedsaaking goevé Banof 76  1is

the first sub bearing portion 62. On this occasion, the 84
positioned between the two bearing pileces 83a and 83b o©of the

fourth sub bearing pbrtion 83. Subsequently, the second main
guide shaft 77 penetrates through the bearing hcoles of the
four bearing pieces 75a, 75b, 82Za and 82b 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
75.

Further, the second sub guide shaft 792 penetrates
through the bearing holes of the two bearing pieces 83a and
83b of the fourth sub bearing portion 83 and the bearing
groove 78 of the third sub bearing portion 76. On this
occasicon, the second sub guide shaft 79 1s pressed into the
fourth sub bearing portion 83 to be fixed, but is made
slidable with respect to.the_third sub bearing portion 7eé.

. .
Thus, the szecond moving frame 52 can move with respect to



first sub guide shaft 65 is pressed into the second sub bearing portion 72
to be fixed, but is made slidable with respect to the first sub bearing
portion 62. Thus, the first moving frame 51 can move with respect to the
second moving frame 52 by a predetermined distance in the first direction

t e NAMedy bydhe lepgth-abtamed py subtraciingdhaidistanee bebweenN in the
the outer surfaces of the two bearing pieces 61a and 61b of the first main

sdearng perta61 fiom the distaace petwgen thednneesuwfacesefthened by
two bearing pieces 71a and 71b of the second main bearing portion 71.

sNextdbe poke 6640 whishdhedwo sagnets GlecarshGdy asafixediss of the
attached to the fixed base board 53. Regarding this installation of the

tyokesea, rthegoks 664gayddn atiacheglab therffixeddbasehoatd 5kitn bearing
advance, that is, before the first moving frame 51 is attached to the
psecand Maving-isame 52, Subsequentlyzdhe eoit assemblybedy 98isfaces of
attached to the coil fixed portion 51b of the first moving frame 51. On this
tioecasion dthe:cyhadncat ceit 91 3 fitted fidry theflatéral dirdotibnmand theearing
lower piece 66b of the yoke 66 and the lower magnet 67b are inserted
pintb itee Kdle thereof. Then the coil assembly body 93 is fixed to the coil
fixed portion 51b of the first moving frame 51, using a fastening
mechanism stick as adlesiex 8y dpingtsmnthe assenblytdfehefibzgje moving
stabilizer 5 is completed, and the image stabilizer 5 with a structure
fshown id FIGS BG4z B55acing the second moving frame 52 from
above, and the two bearing pieces 6la and 6lb of the first
main bearing portion 61 are positioned between the two
bearing pieces 7la and 71b o0f the second main bearing
portion 71. End the first sub bearing portion 62 1is
positiconed between the two bearing pieces 7Za and 72Zb of the
second sub bearing portion 72. Subseguently, the first main
guide shaft 63 penetrates the bearing holes of the four
bearing pieces 6€la, 6lb, 7la and 7lb o¢f 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 portion €1 to be fixed, but i1s made
slidable with respect to the second main bearing portion 71.
Further, the first sub guide shaft 65 penetrates tThrough
the bearing hcoles of the two bearing pleces 72a and 72Zb cof

the second sub bearing porticon 72 and the bearing groove 64

of the first sub bearing portion 62. On this occasion, the
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is obtained. The functions of the image stabilizer 5 of a moving coil
system, having the above-described structure are as follows. The
movement of the correcting lens 15 of this image stabilizer 5 is performed
by selectively or simultaneously supplying driving currents of an
f {approptiate valiel® ti#15E cofi 88 BRd thess/AiRdricanéstl 91hst theecond  sub
electric actuator 54 via the flexible printed circuit board 87. The flat coil 88
begruiithe cylirdrican colP01tf thie irhage Stablfigér Starefixeg tootheédist e with
moving frame 51 as a unit of the coil assembly body 93. On this occasion,
rafpetfustyereratiig 5értions Soadgor erthedat 84l 88l ks - the first
extended in the second direction Y, and the thrust- generating portion 92 .
mast 3R cylfefieal Thil 94%s BRBRdEH TR thesiTBeditection XD&Is6SSHRE theeving
two magnets 67a and 67b fixed to both ends of the yoke 66 are disposed
£ 2o e Sand beldw BT e B a6 1 2HEndghetiBfiut bF g direction
magnetic circuit formed by the yoke 66 and the two magnets 67a and 67b
X actd Sichra mizhneF B8 to b HERSmiftsth 3RBEh the thriskidisaniy the
portions 89a and 89b of the flat coil 88 and the thrust-generating_portion )
digPteMAE chfiditalrcoiF 8% veritafy. ARY: fiRFEStrefting feng 1§%f’theb caring

image stabilizer 5 is supported in a movable manner by the first guide,
g on €1 from

PIAFER HaPthatisthhbving fraife 5157 thBAirst dit&ador'R Wifh” 86
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 €7a and 67b
are fixed is attached to the fixed base board 53. Regarding
this installation of the vyoke 66, the yoke 6 may be
attached to the fixed base board 53 in advances, that 1is,
pefore the first moving frame 51 is attached tc the second
moving frame 52. Subseguently, the coil assembly body 93 is
attached to the coil fixed portion S51b of the first moving
frame 51. On this occasion, the c¢ylindrical coil 91 is
fitted from the lateral direction, and the lower piece 66éb
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 51b of 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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respect to the second moving frame 52. Further, the correcting lens 15 is
supported in-a movable manner by the second guide, which has the
second moving frame 52, in the second direction Y with respect to the
fixed base board 53. Therefore, with the action of the first guide and the
i ssecond igide, the correcting lens 15 is freely movable both in the first
direction X and the second direction Y within a predetermined range. If an
elecTiiccUreentts applied tocthe flategi 881 ahe klectric Curtentdlonsviang coil
the second direction Y at its thrust-generating portions 89a and 89b
sypeicause trerthrgstt jenedating postionsi8@aarsd 80k bve extended i thellows.
second direction Y. On this occasion, since the magnetic flux of the _
Theagmeticerirouit acts in thiesup-andeiowiididectionn@hich Sis vefticdl e the 1mage
thrust-generating portions 89a and 89b, force directed in the first direction
stehdtsiorethe dwo Tois8g anad ik Hcovrdarelwith Flefiingss Bfliaeously
rule. Thus, the first moving frame 51 to which the coil assembly body 93
supiglltiénike Sl iXeBmEVESTATRE first diftetichPIX PRV Pdstilt, théue To the
correcting lens 15 held by the first moving frame 51 moves in the first
£ HrectiorX, gifded®y theSirsEydidedinisccbrdapée with theimdgiftudelsictric
the electric current applied to the flat coil 88. On the other hand, if an
agledii@ Eufréniisapplied 3 ahé Ryfindrical E6T ot itFe Biéctie tftet -

flows in the 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 assembly body 9%3. On this occasion, the
thrust-generating portions 8% and 8%b 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 6la
and 67b fixed to both ends of the yoke 66& are disposed above
and below both the coils 88 and 91, the magnetic flux of &
magnetic circuit formed by the yoke 66 and the two magnets
67a and 6&7b acts in such a manner as to be transmitted
through the thrust-generating portions 88a and 8% of the
flat coil 88 and the thrust-generating portion 82 of the
cylindrical coill %1 wvertically.

Also, the correcting lens 15 of the image stabilizer &

is supported in a movable manner by the first.guide, which

ha

3]

the first moving frame 51, in the first direction X with
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first direction X at its thrust-generating portion 92 because the
thrust-generating portion 92 is extended in the first direction X. On this
occasion, since the magnetic flux of the magnetic circuit acts in the
up-and-down direction which is vertical to the thrust-generating portion
regPpforte difecté@n thressithd dietliol Y acaTem thedwo coils 88 e,  the
91 according to Fleming's left-hand rule. Thus, the second moving frame
CBRIREVES h thesecorid difecHOYBYE $eahs of tHecfifabrhdvifigdrde 31y the
to which the coil assembly body 93 and the like are fixed. As a result, the
S eBRREtIMGIEAS 15'hdwSs iR #ife $ECdNE UFRCHorP? VWHE the: #F&t motingin the
frame 51 and the second moving frame 52 guided by the second guide, in
seeesdafés Wthithe nfaghithide BRERS elechit diifent appieditthie Poard
cylindrical coil 91. Further, if electric currents are simultaneously applied
Thé& B fatooil B8 Bnd e AfindRBal bl '9he thel Fidvetieithyahe ﬂgbéonsecond
88 and the movement by the _cylindrical coil 91, bath of which have been,
IiéitionEl Ab67E F e hBforhTdtFin Beonibinéd fiahnér “Spedricaiyine ™ the
correcting lens 15 moves in the first direction X due to the action of the |
f ttttric 2arentwhich fowéifough the FIEC WO 881 5haHt 1R same HimED*D 2
the_correcting lens 15 moves in the second direction Y due to the action
PHRife-EERr e Curréftihich flows through the cylindrical coil 91. As a

result, the correcting lens 15 moves in a diaganal direction, 88 .
If an e?ecé%lc current is aﬁ% red to the flat coil 88,

o

3.

the electric current flows in the second direction ¥ at its
thrust-generating pocrtions 8% and 89%b because the thrust- -
generating portions B89a and 88b 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 which
is wvertical to the thrust-generating portions 8%2a and 89,
force directed in the first directicon X acts on the two
coils 88 and %1 in accordance with Fleming’s lefi-hand rule.
Thus, the first moving framé 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 firét direction X, guided 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
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thereby stabilizing images of the lens system 2. A cover member 98 is
installed on the image stabilizer 5 with the above-mentioned structure in a
detachable manner, as shown in FIGS. 27 to 29. Having an upper surface
portion 98a, a front surface portion 98b, and left and right side surface

f jpostionsdA8e=(nicef th& sidetsurface potiionssis -netrshowni imgthe pigutesyn 92
the cover member 98 is formed of a case roughly shaped like a

beeetangulahparalietepipedanith openingsomadem itreasamdilosveted in the
surfaces. A pullout opening 201 from which the flexible printed circuit

£ boatd 87 svhiokerore endris tbamected o tncoibassembily body @3eisic flux
pulled out is provided in a part where the upper surface portion 98a is

o Lortineiours with the frovitistiface portion 98b. The copeameémber9g8 direction
covers the electric actuator 54 of the image stabilizer 5 to be protected,

whahdhis eensteuciédan atdetaditalié meiies froRT tHelyekeixedigortiga , force
53b of the fixed base board 53. For that reason, a plurality of (two in this

deHfsSdihent) aftABhrmeRPHACREE 2008 2022 f5reneehin sigh avRatiek 1s 88
as to be continuous to the rear surface side of the upper surface portion

2R afid profraeisddednvierd, BherE plirdlity 6 ffwd anthis BidfodimeRus ,  the
attachment holes 203 and 203 formed in lower parts of the front surface

Sopih 9BbVaRSDIrdvidEd inthe BOVER Tnehibek P98, Bfthiedokd igsédion Y by
portion 53b of the fixed base board 53 are provided the same number of

m%ﬁ%ﬁhnﬁﬁtc%ﬁ@exﬁ%ﬁﬁﬁsEBQVing frame 51 to which the coil

agsembly body 93 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 the second moving frame 52 guided
by the second guide, in accordance with the magnitude of the
electric current applied to the cylindrical coil 91.
Further, if electric currents are simultaneously applied
toe the flat coil 88 and the c¢ylindrical coil 91, the
movement by the flat c¢oil 88 and the movement by the
cylindrical coil 91, both of which have been mentioned above,
are performed in a combined manner. Specifically, the
correcting lens 15 meves in the first direction X due tfo 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 direction Y due to the action ¢f the electric
current which flows through the cylindrical coil 91. &s a

result, the correcting lens 15 moves in a diagcnal direction,
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204 which protrude in the lateral direction, corresponding to these
attachment holes 203. By fitting the attachment holes 203 to the two
attachment convex portions 204, the cover member 98 is installed on the
fixed base board 53. On this occasion, the two attachment brackets 202
tlreek20? amatdnistructsd imsuchs acfiarmher dsstoselasticadly. ehgage with a
lower barrel 18 of the barrel body 3 or the like, for example. This makes it
posdiblederthercovee meétbesod tebe htachethto-the baaekbethe®inld zer 5
freely detachable manner due to the structure of the cover member 98
w itsklIf, Withoatusheg mefdsieniag methanisprsuchas fixetbseresbAtsomanner,
the pullout opening 201 of the cover member 98 is provided a flexible
apressing porioh DS whiéh prevtthts theputied-aut fexble printéa@ ercucrtion
board 87 from being lifted up. And a pair of locking projections 206a and
9 %6 avhiety spporicth sides Bt Hes pUllidd-ouefiekible beinteddcireught side
board 87 in its widthwise direction are provided at the front of the upper
SBHFAEE pH1%ibh OBasat #iCtop D theCpullbbfopehity ZPAtRxtRh ROrtions is
manner as to project upward. And a locking protrusive side 207 which
nQUppbrRsE céRaihh realorthg Flexible Srirfted efcERSSE 875is providgogmed of

at the rear of the upper surface portion 98a. Although not shown in the .
2 figaRs, Eaﬁ%hhé%&ﬁ% printsd ErcifCb8AA IR ExteRdmy EHeR&ed with

electrically connected to a 90
openings” made in its rear and lower surfaces. A pullout

cpening 201 from which the flexible printed circuit board 87,
whose one end is connected to the coil éssembly body 93, 1is
pulled out is provided in a part where the uﬁper surface
portion %98a is continucus with the front surface portion 98b.

The cover member 98 covers the electric actuator 54 of
the image stabilizer 5 to be protected, and is constructed
in a detachable manner from the vyoke 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 1n such & manner as to be continuous to the rear
surface side of the upper surface portion 28 and protrude
downward, and a plurality of {two in this embodiment)
attachment holes 203 and 203 formed in lower parts of the
front surface portion 98b are provided in the cover member
98. On the yoke fixed portion 53b of the fixed base board 53

are provided the same number of attachment convex portions
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power source or a member on the power source side connected to the
power source. The locking projections 206a and 206b and the locking
protrusive side 207 are used as shown in FIG. 28 and FIGS. 34 to 36.
Specifically, the pair of locking projections 206a and 206b lock the

2 Gtarting. partienr of adlat surface iportibat 8 Ha Whidch ie cadtimyoustaras sponding
curved portion 87a curved according to a certain curvature radius after

tputiad oat of thepubout dpehizg 20E,.at both sides of the starting portion
in a widthwise direction. This makes the curved portion 87a elastic, and
the firgt méwingframe Shean betbiasedtoward e side 29 the decondihe  two
moving frame 52 by means of the elastic force. The effects brought about

a byasiasing forceanvgenerated: byrthe Gided poition 8T efthisfiskible 98 is
printed circuit board 87 are explained, referring to FIGS. 43 and 44. FIGS.

idgtand 44 argneyplandibrediabens bolsardatically shiowiyg theo bizsinigpn, the
force W generated in the curved portion 87a, the first moving frame 51,

titlte sédorehmenihgramresRandthe dixdddade poardBRaraxsiapd in such
relationships between them. Since one end of the flexible printed circuit

2 hBARNET is? fixdPtocthe TovBR MemFer Tfxed it thetbdPalsBodyax rds 18 of
cover member 98 is a fixed part. In FIG. 43, when the biasing force W is

thywehas¥ed flerible printed difcuitbbard siw tHXEded portionisrdnadies 1t

possible for the cover member 98 to be attached to the
parrel body 3 1in a freely detachable manner due to 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 98
is provided a flexible pressing portion 205 which prevents
the pulled-out flexible printed circuit board 87 from being
lifted up. And a pair of locking projections 206a and Z206b
which support both sides of the pulled-out flexible printed
circuit 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 lpcking protrusive side 207 which supports a certain.
area of the flexible printed circuit board 87 is provided at
the rear of the upper surface portion.9aa. 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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the biasing force W causes force which pushes the left part downward
and pushes the right part upward in reaction thereto to act on the first
moving frame 51. Thus, regarding the first main guide shaft 63 fixed to
the first moving frame 51, a left protrusive portion 63a is pushed
paleywnwasdr @nd arright pestiusiveoportine 68bispushednpwarddAs aonnected
result, between the first main guide shaft 63 and the bearing piece 71a
t avhitle supperts Hwilefigprotrusive portion 63a of the first main guide shaft
63, a gap El according to the fitting error is oriented only upward. On the
otheT hand,cbétiveen the fiest main guige shafe 68 add tie eating pecd ocking
71b which supports the right protrusive portion 63b of the first main guide
pshafhE8; eegapilEleacebitingto the fittingsersdragoriemed 6aly dovnevard. FIGS.
Also, in FIG. 44, regarding the first sub bearing portion 62 provided on the
3 4irstomdting el 51 deiceywhichegpushes doWnvard imgkes theaqpperns 206a
surface of the bearing groove 64 pressed from above by the first sub
agRickOsafi 65 fixéd o theastcond movingfrantef52 fadh gaprEace portion
according to the measurement error is oriented only downward. At the
8 Samehifd; in RGS: 43taia4 sforé@ which pashes! thedsfipapt 87a curved
downward and pushes the right part upward in reaction to that acts on the
ageesnd hioviry frarfée 522 ThuS RSHRIFGIRG tHeeSdcbhdahbwiAg Framees2 ocut of

the left gart is pushed downward, and the right part is pushed upward. As
theogpullout opening 201, at both sides of the starting

portion 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 porticn 87a of this flexible printed circuit
board 87 are explained, referring té FIGS. 43 and 44. FIGS.
43 and 44 are explanatory diagrams schematically showing the
bilasing 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 Lis
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 i1s given tc the

flexible printed circuit board 87 by the curved portion 87a,
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result, between the fourth main bearing portion 82 and the second main
guide shaft 77, gaps Fl according to the fitting error are both oriented only
downward at the bearing portions 82a and 82b on both sides. Between
the third sub bearing portion 76 and the second sub guide shaft 79,

t meednivduénfordewhichipushes epward nrkes thehlopres safaceh of thef t part
bearing groove 78 pressed from below by the second sub guide shaft 79

dfixed: torthe fixet] bassbeard 53yeandra gyap FRactordmpgrearthe in  reaction
measurement error is oriented only upward. Thus, it is possible to keep’

thwrpdstuteokthe correbiindlens tlStinvariablé teykedging theposture@birding
the second moving frame 52 and first moving frame 51 fixed with respect

thethé fixed baseivoamhb8chaséd Gpontthe biasig force Wigengiated byroving
the curved portion 87a of the flexible printed circuit board 87. Moreover,

fsiiee atypicallytaddd fesibleigdmed irctit board87 is tised akedis Cawnward,
no parts, mechanisms or the like are newly required for the posture

agentrol; thefefore riepostie dplblean behetdrved fthotpward.  As a
increasing costs. Also, with the magnetic plate 86 being close to the

rafdghet 67hChrtRRENgBRce BEESIHIng#d the MabRttic $oreélof the and the
magnetic plate 86 and the magnet 67b is generated; and the biasing

bstEd WY beé6ffes ' dfonter By commbiRiRgIhis stradting PR wils iye portion

biasing force W generated in the curved portion 87a of the flexible 93
63a of the first main guide shaft 63, a gap El according to

the fitting errcr is oriented only upward. On the other haﬁd,
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. Also, in FIG. 44, regarding
the first sub bearing portion 62 provided on the first
moving 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 E2 accerding to the méasurement 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 is

pushed downward, and the right part is pushed upward. As a
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printed circuit board 87. FIGS. 45 and 46 show an embodiment in which a
biasing force W generated by a curved portion 87a of a flexible printed
circuit board 87 can be altered. In this embodiment, only the shape of a
flexible printed circuit board 87 is different from that of the |
rabove-deberibeskembodiméntarEheretaie, dnetherflexibterpdated 8kcuitnd the
board 87 will be explained here and the same reference numerals are
s givendtonthiersayne parts e dmit’duplicatesexplarstionsdArcurved pogtiohitting
87D of the flexible printed circuit board 87 is made thinner than the other
epantheredt by leotting both sidesdn theXorm ofeieldadarcatn thde bearing
widthwise direction, and so the rigidity (strength) of the curved portion
pg7bicset ReakamtHarbtat eftheotier padeThis cdhsHESHontmakesh krd sub
possible to arbitrarily set the rigidity (strength) of the curved portion 87b
borakeetharPiiat @R the’ Sthedpart. {ishoiE Betbted Wat tHE shapedfde 72/
curved portion 87b of the flexible printed circuit board 87 is not limited to
RGPy ares SHBwWiLiA Bhis B BRt 3cTexXBRtse, Highglesrer surface
squares, semiellipses and various other shapes can be employed. Also, a
ofectESfoP AT étn¥ed pBRIGH 87D MAF BEGtovideTonf bA'ONE ¥idehs second

~ Further, the curved portion 87b can be constructed as a curved portion,
SHBt BPp6viding Hreddssionift dterdtfyelof ¥5e1Ba6R drntdd cirduit @nd 2

board 87, but by making circular, elliptical, 94 ' i
gap F2 according fto 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 o©f 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 circuilt board 87 is used as it is, and no
parts, mechanisms or the like are newly required for the
posture control; therefore, the posture control can be
performed without increasing costs. 2Also, 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 fhe biasing fcrce W becomes
stronger by combining this attracting force with the biasing

force W generated in the curved porticn 87a of the flexible
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rhombic or other holes inside thereof and thus making the rigidity
(strength) of the portion lower than that of the other part. FIGS. 47 to 49
show a structure in which the part ahead of a curved portion 87a of a
flexible printed circuit board 87 is not supported by a cover member 98
pbuhseppariachy a fixedbase board 53. Therefore, on the lower surface
of a yoke fixed portion 53b of the fixed base board 53, a pair of locking
projextions 206a and 2Q6b which sapposidbett tides: of the pattcahead dfizsing
the curved portion 87a in the widthwise direction are provided to project
f dowmward.dsimilas teftectiveness taithesabope-described ambodiment £arxible
be obtained by employing such supporting structure as well. The effects
phiought abbuthby @ hasing férteddrgeneratetelby the clinvedhpaertient8Fdiment,
of this flexible printed circuit board 87 are explained, referring to FIGS. 50
cmahg 51hElGShaZandblaard explahawryadiagraats schematicallpcard 87 is
showing the biasing force W generated in the curved portion 87a, a first
d hfdudngeframeBkra sédond moving friatne B2 ard thie fixed bade boapd83ment.
to explain relationships between them. Since one end of the flexible
Tpeintetoctrouit Boart 81 is fikéd *d thee fiked bass bodrdB3ifixedastive 87 will
barrel body 3, this fixed base board 53 is a fixed part. In FIG. 50, when
beéheshindingioelWwis givedl td fite fexiblesrirrad ereuinbo@ras8Ebyte given

curved portion 87a, 95
to the same parts to omit duplicate explanations. A curved

portion 87b of the flexible printed circult board 87 is made
thiﬁner than the other part thereof by cutting both sides in
the form of circular arcs in the widthwise direction, and so
the rigidity (strength) of the curved portion 87b is set
weaker than that of the other part. This construction makes
it possible 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, sguares, semiellipses and various other shapes
can be employed. Also, a recess for the curved portion 87b
may be provided only on one side. further, the curved
portion 87k can be constructed as a curved poftion, not by
providing a recess on the outer edge cof the flexible printed

. . . . . R . .
circuit board 87, but by making circular, elliptical,



force which pushes the left part upward and pushes the right part
downward in reaction to that acts on the first moving frame 51 by means
of the biasing force W. Thus, regarding a first main guide shaft 63 fixed to
the first moving frame 51, a left protrusive portion 63a is pushed upward,

rrafeba ght rpretrusive portion 63h 43 pusheddlevmvasthdAsantasulbaking the
between the first main guide shaft 63 and a bearing piece 71a which

riSyppers thedeft pratrtsiveogortor 63scafibe rfirstonain guidenshaft63, @f the
gap El according to the fitting error is oriented only downward.

oMeanwhile; between the first main guide shaft 63 and a bearing piece
71b which supports the right protrusive portion 63b of the first main guide
shaff63sa gap Bt acadrdiigoto the fittingaarrords joriemted-onlylupwaadt ahead
Also, in FIG. 51, regarding a first sub bearing portion 62 provided on the

ofirst moving: fiamer3l oforé&which pustésupwar makes ek lowecuit board
surface of a bearing groove 64 pressed from below by a first sub guide

8 shaft 65dixed t@the secbritymeving framers2jand 2gapER acgurdifiged by a
the measurement error is oriented only upward. At the same time as this,

fix &GS BEaibsrdorlce. whithepushesahe left paltcupWward and pushes of a
the right part downward in reaction to that acts on the second moving

y drggnet 52eThpsrebardifg the§eddrl bving frase 520tiedeft Spariscalir of
pushed upward, and the right part is pushed downward. As a result,

1 petween picurgrinaimbeatioeportich &04kd whggsh support both sides

of the part ahead of the curved porticn 87a in the widthwise
direction are provided to project downward. Similar
effectiveness t§ tﬁe above~described embodiment can be
obtained by employing such supporting structure as well.

The effects brought about by a bilasing force W generzated
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 cﬁrved portion 87a, a first
moving frame 51, a second moving frame 52 and the fixed base
board 53 to explain relaticnships between them. Since one
end of the flexible printed circuit board 87 is fixed to the
fixed base board 53 fixed to the barrel bedy 3, this fixed
base board 53 is a fixed part. |

In FIG. 50, when the biasing force W is given to the

flexible printed circuit board 87 by the curved porticn 87z,
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.second main guide shaft 77, gaps F1 according to the fitting error are
both oriented only upward at bearing portions 82a and 82b on both sides.
Between a third sub bearing portion 76 and a second sub guide shaft 79,
meanwhile, force which pushes downward makes the upper surface of a

f deasingigredbver I8pressect frbmfabowerty thewseodndrstibguidie shafh @9 right
fixed to the fixed base board 53, and a gap F2 according to the

pameastementrerrarns arentedanlytdoviriveard sEss, ittis possibfe tekeepoving
the posture of a correcting lens 15 invariable, by keeping the posture of

f theseSAnd ovirg frame Shand fiest ingvidgp framerbl fiXég uithrespeciing a
to the fixed base board 53, based upon the biasing force W generated by

f ime tumvetporticni 87 &bk fhie fexiBléxprihtad clrbgit Boarksmavioredvér ame 51,
since a typically-used flexible printed circuit board 87 is used as it is, and

a nbartsp machamistas betielike drémeidy reepired fortabstpgd a right
control, the posture control can be performed without increasing costs.

PIIST; Btk Acting foreé @recdrding ith® uhagretie foreE of &-maghsticplaeesult,
86 and a magnet 67b is generated by making the magnetic plate 86 close

bes HRemaghet 620 thd Hiscrefodd it 96 psdsilé tobmalkd the bidkfiy #6rge Piece
W stronger by combining the attracting force with the biasing force W

7 Jenethicthin SWPE@YEE pbRfon BYAf BE® AEXKBIEVSinesT Eircit boafd ©f the

87. FIG. 52 shows another embodiment of an attached state of 97 o
first main guide shaft 63, a gap El according to the fitting

error 1is oriented only downward. Meanwhile, between the
Ifirst main guide shaft 63 and a bearing piece 7lb which
supports the right protrusive portion 63b of the first main
guide shaft 63, a gap El accoerding to the fitting error is
oriented only upward. 'Also, in FIG. 31, 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 to the second moving frame 52, and a gap EZ
according to the measurement error is oriented only upward.
At the same time as this, in FIGS. 50 and 31, 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 52, the left

part is pushed upward, and the right part is pushed downward.

m -

.

J2 a re

in

ult, between a fourth main bearing portion 82 and a
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an electric actuator 54. In this embodiment, the attached angle of the
electric actuator 54 is shifted by 90 from the above-described
embodiment, and as regards the components only the position of a
‘supporting portion 84 of a fixed base board 53 supporting a coil assembly
s dody D 3ds differehiti frogh that irV the ajeove-dascebed edibodimentshe fitting
Therefore, the same reference numerals as in the above-described
e embodimenbaté:given and«lipticdtg explamationscthereof wilj bpontittechs §2a
In this embodiment, the electric actuator 54 is attached to a first moving
afiAnie2 b1, aotationallysshifted by BOt W&pecificalhh arftht sol 884s attachedortion
- to the first moving frame 51 such that a thrust-generating portion extends
7¢n #heldirectondmwhichithasfirst enovirtframi® 51 meoveshile, force which
- Correspondingly, in a yoke fixed portion 53b of the fixed base board 53,
Pupher addtowersieceskeon dite66tPpea yeke BE-andodper badddwer groove
magnets 67a and 67b are disposed such that the lengthwise direction
T8hareeperends imthebdivectin infvehick deafirss rovidigiigmesiimovés, f1xed
Similar effectiveness to the above-described embodiment can be
tobtalifedbyredploging skel stuctdre &Welk FEZS. 53%to0 59%HoW-ifth&e the
another (third) embodiment of an image stabilizer according to the
MePSSERRIMBFENtIBAT This 6mbbHEFRERS WY a AfSUHIEE 8xample of the flat
coil 88 in the above-described embodiment: two coil portions are _
constiieted éfthéSsaes EdiPp6rtibRs 'SBaFarfd 88 X e 98 & 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 o0f 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 required for the posture
control, the ©posture controi can be performed without
increasing costs. Also, attracting force according tc the
magnetic feorce of a magnetic plate 86 and a magnet &7b 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 portion 87a c¢f the
flexible printed circuit board 87.

FIG. 52 shows another embodiment of an attached state of
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magnetic force of magnets 67a and 67b is strengthened by constructing a
yoke with a circular member. Regarding an electric actuator 54A shown in
this embodiment, the same parts as those of the electric actuator 54
shown in the above-described embodiment are given the same reference
amumerslsrand daplizatesxpldnations thebdsf armbmmitiete Tivo ddile attached
portions 88a of a flat coil 88 of the electric actuator 54A have the same
ashape @hdtricilrecand the: ¢ElatisAShID fedatdimy driatyemert betaam the
the flat coil 88, a cylindrical coil 91 and a magnetic plate 86 is the same. _
alNgs Higske BBAds £ENRBIARDR of tAl diviced prE_EEBAL ¥hd eepmponents
having the same shape, and is formed into a rectangular frame body as a
Olphb|d-FheeyineieRl ofl L RIRBORG BRGUPEe Sile o thiS ydké BBRI Pase
and the yoke 66A and the cylindrical coil 91 are joined together like a
bepamh. SimikrRFREREHRsS o B abResddRibedaBodiments caht béerent
obtained by employing such structure as well. In particular, according to
308 eMifddifent Sin G HES ok 66/ 38 LirehaRG 11Ted; thefe Tt °r e, the
advantage of enhancing magnetic efficiency by the magnets 67a and. - |
S¥D. ARIAEDR Ralikt Bwith fife &Bb@&es%%%ﬁ Stutiire gy empodiment
functions is attached to a lens barre] 1, as shown in FIGS, 1 tp.11. This

2 ifiade Sibilfze? 598 fiserttnto et pilied ott of & Ghénity portisn A&+ Tted-

provided i}rlna lower barrel 18 of g barre| bod\t/ 3, from the Iatergl direction;
99 In this embodiment, the e ect 1¢ actuator 54 is attached

to a first moving frame 51, rotationally shifted by 90°.
Specifically, a flat coil.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 53b of the fixed
base board 53, upper and lower pleces 66a and 66b of a yoke
66 and upper and lower magnets 67a and ©7b are disposed such
that the lengthwise directicon therecf extends in the
direction in which the first moving frame 51 moves. Similar
effectiveness tTo the above-described embodiment can be
obtained by employing such structure as well.

FEGS. 53 to 5% show further ancther (third) embodiment
of 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

constructed of the same coil portions B8z and 88a. And the
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and attached to the lower barrel 18 in a detachable manner. In this case,
the image stabilizer 5 is constructed as a unit of one apparatus, so that it
can be attached and detached particularly easily and swiftly. Note that, a
cover member 98 is attached to the lower barrel 18 of the barrel body 3

mitadetachaleqnanper Bysafasienirgraechanisgrglch sasdixed sgteshed by
FIGS. 60 to 64 are figures showing a digital still camera 100 which is a

clirst embodiment-0f ga iwager tapparatiis-provided méthelens baggbkding an
having the above- described structure. This digital still camera 100 uses a
e semiconducter tecosdingsrdidmasaniaformation egosdingemediumhe same
and an optical image from an object is converted to an electric signal in a
p&E1 (imagethsaas tode rteeordedkint: thecsemiconstuctor letordigwn  in the
medium and displayed on a display apparatus such as a liquid crystal
adispiayd Ascshidvertdin Elth G arrch othes figures] this digited stilccaanenae ference
100 includes: a camera body 101, a lens barrel 1, a display apparatus
nlf2ra tentrelunit @3, iacbatteryxpdwerhdobstowh erthe figures and thesd.
like. The camera body 1 shows a specific example of an imager
appdratusbody. Phetlens bafiekl cdptaresiartintagelofidh olfjectras |&3h®ctrlc
and leads it to a CCD 4 functioning as an imager. The display apparatus
ag0R#s formed bf ahligudd crystal dispray wihicke displdys siptintagerisasednd  the
upon a image signal that is output 100
relationship regarding arrangement between the flat coil 88,
a cylindrical coil 921 ahd a magnetic plate 86 is the same.
Also, a yoke 66A is a combination of two divided pieces 66A1
and 66A2 having the same shape, and 1is formed into a
rectangular frame body as a whole. The cylindrical coil 21
is wound around one side of this vyoke 66&, and the yoke 66A
and the cylindrical coil 91 are joined 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 yocke 66A
is c¢ircularly formed, there 1is an advantage of enhancing
magnetic efficiency by the magnets €7a 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 te 11. This image stabilizer 5 is inserted into and

pulled out of an opening pertion 48, provided in a lower

barrel 18 of a barrel body 3, from the lateral direction;
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from the CCD 4, and the like. The control unit 103 controls the action of
the lens barrel 1, the display of the liquid crystal display 102 and the like.
The camera body 101 is formed of a wide flat case, including: a front
case 105 and a rear case 106 fitted together in an anteroposterior
argliregtion @éhmain:isaropd 07 owbichishivvides a spade:partioe ferarathby theanner.
front and rear cases 105 and 106 into front and rear portions; a lens
Icover 1508askich istattached: tethe trobt durface of thedfronteaserifbdnia as  a
slidable manner in the up-and-down direction; and the like. An objective
unens 7ADf thedensibasrek t us dispased facing the froatsuface {firstoiagd  and
surface) of the main frame 107, and the objective lens 7A can be opened
dandchestdby theclehscbyver 288.1hheaobjestinief lehg . 7ANs tispoked at an cover
upper part on one side of the main frame 107, and the lens barrel 1 is
nattacet® the camesabedy 161 with tHe€ED Ldispeased bhelolv &fdethearrel
second optical axis L2 directed in the up-and- down direction. And the first
boptical akis Ld afd¢he déved bystwan2ésextgndediathe mbtaropestbagorl sm such
direction which is a widthwise direction of the camera body 101. Thus, the
a eldciricdctaatoveil 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
L2 aRd&hich % paralleffo tiver first ainseFfacel iisldothe caffieda by still
101
camera 100 which is a first embodiment of an imager

appafatus 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 liguid crystal display.

As shown 1in FIG. 60 and other figures, this digital
still camera 100 includes: a camera boedy 101, a lens barrel
1, a display apparatus 102, a contrel unit 103, a battery
power not shown in the figures and the 1ike. The camera body
1 shows & specific example of an imager apparatus body. The
lens barrel 1 captures an image of an object as light and
leads it to a CCD 4 functioning as an imager. The display
apparatus 102 is formed of a liguid crystal display which

displays an image based upon a image signal that is output
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101. Note that, the control device 103 formed by installing a
predetermined microcomputer, resistance, capacitor, other electronic
parts and the like on a wiring substrate; a flash apparatus 110; and the
like are attached to the main frame 107. The control unit 103 is provided
fstde yhsidewith4he deds barrellli Jand thib dlastvdevicd 1d0iis pidddedontrols
above. The flash device 110 includes: a light-emitting portion 110a which
tlieexposedondlie froat Swefacelnd theefrorit,case 4081 apdrive poftionh#10biguid
which drives and controls the light- emitting portion 110a; a capacitor 110c
c whichadupilies] predetermingd Ehectrdc pewer to the drive portion 110b;
and the like. In order to expose the light-emitting portion 110a of this
flasHldbevice a@randzecabjetiive léss 7R0oithd lans barretdda lehsat case,
fitting hole llla and a flash fitting hole llib are provided at corresponding
ipositiohas of the fréntedse 285 Theldbjeetivk lens FAAS fitterisiito #46  fitted
lens fitting hole llls, along with a panel 21, and the light- emitting portion
tageslisfittetin®@th@ HasH fiRmgIfrd oL 1B IFGidioR/pliraly oft  frame 107
openings ilic through which a plurality of leg pieces provided on the lens
wita Gy 108VArdsmsartetPafeprevided 3 theidit €ady 105 eTheNeRS céver rear
108 is prevented from falling off the front case 105 by providing the
C%ﬁﬁ&ﬁ%@@kiﬂﬁeé&§mﬁﬂ?ﬁﬂ§aﬁﬁ&ﬂaT§2rear portions; a lens cover

108 which is attached to the front surface of the front case
105 in & 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 7A can be opened
and closed by the lens cover 108.

The cbjective lens 7A 1s dispocsed 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. And the first optical axis L1 of the lens
system 2 is extended in the anteroposterior directidn which
is a widthwise direction of the camera body 101. Thus, the
electric actuateor 54 that is a driver of the image
stabilizeIIS is disposed at one side in the direction which

is perpendicular to the second optical axis L2 and which is

Ih

parallel to the first main surface, inside the camera body
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preventing portions. This lens cover 108 can be moved in the
up-and-down direction by the plurality of openings 111c, and can be
locked at the top and bottom by a locking mechanism not shown in the
figures. As shown in FIG. 61, when the lens cover 108 is at the top, the
1 @bjectivetensRAts completelytclosedichereby bidteCtingtte ohjedtivetaliling
lens 7A. On the other hand, as shown in FIG. 62, when the lens cover
a 108 dastmoved¢d theiottommhetthiective rstAA sconysiptehitor, other
opened and the power switch is turned on, thereby making shooting
e possible s $HovisintRIG S169 dnde3 oa square opeRir WiHgowc 812 dorflash
exposing the display surface of the display apparatus 102 is provided in
apphe redricase 106. Fielopating witRlodrEL 22 fstsrelided twittk Agarein frame
opening made in the back surface, which is a second main surface, of the
19dar case 106, and the display apparatus 102 is provided inside thereof.
The display apparatus 102 is a combination of a liquid crystal display
havif§@a s#E¢drPdspeRding t6 thelSpeniny witfows 1392 ahll ahatk Iight-h the
fitted onto the inner surface of this liquid crystal display. A protective plate _
1an3 i$prokidedlon HEigEEcrys@FBisHIaY S/ of the dispRy appardusabove-
102 with a seal frame 113 in between, and the peripheral edge of this

TirpotEdMAl plaf7 L ERisIrBuRCROREHCt ith* SRR Sirt&de Btheion 110a

opening window 112. Further, various operational switches are provided in
whpgh 1s 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 electric power to the drive portion 110b; and
the like. In order to expose the light-emitting porticn 110a
of this flash device 110 and an objective lens 7A of the
lens barrel 1, a lens fitting hole 1lla and a flash fitting
hole 111b are provided at corresponding positions of the
front case 105. The objective lens 7A is fitted into the
lens fitting hole 111a along with a panel 21, and the light-
emitting portion 110z is fitted into the flash fitting hcle
111lb.

Further, a plurality of openings 1llc through which a
plurality of leg pileces 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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the rear case 106. As the operational switches, there are provided in
appropriate positions a mode selection knob 115, a zoom button 116, a
screen display button 117, a menu button 118, a direction key 119, a
screen button 121 and the like. The mode selection knob 115 selectsa
pAfenetivhimodec(stiil dmage, Hioving inage PraybatkBnektheldikenovYrel in the
zoom button 116 performs zooming operation. The screen display button
up-iFnserfors stre@s tisplaye Thelremd Bugdrd 1Y8 cdelemsvaniegs 11 1c, and
menus. The direction key 119 moves a menu- selecting cursor and the
cdike PEhelsrkent batfort 121 sWchesiscreét Size$in@ delefsiagerggrhanism
A speaker hole 122 is made at an end of the rear case 106 on the side of
nafe gAYy apparatustioRlig Svhicha 1Bhagpeaker B tcotporaté@rarfdy 1ens
strap supporting metal piece 123 is attached to an end on the opposite
C%‘i’d@fth%ggofiﬁls%'? a$BRowARN FIGe622HE OteiFighfes offthéSupsapletely
surface of the camera body 101 are provided: a power button 125 with
clfrignito taRPFRPoWSF DR Hshoblify BEHGT 128 With Which 1B startOn  the

and end shooting; a.camera shake setting button 127 wjth which to
ohaHiliZE gty Dpe¥atingar iffage StabliR&Fs Wen'e Bamery §Rake?® has
occurs; and the like. Further, a microphone hole 128 is made

n¥Rroxiniatéty &t the teRter of the uppersiriate of fiR° caffierd BodsPIBAL St LY

inwhich a mjcrophone is incor or_ateg. The p%wer b%tton 125’1:@(3 stlg)otinr% "y
OQﬁﬁ%H.fﬁg%nﬁ o RE¥ST witcn 1s urned on, ereby aking

shooting possible.

As shown in FIGS. 60 and 63, a sguare opening window 112
for exposing the display.suxface 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 1is a combination of a liquid crystal
display having a size corresponding to the opening window
112 and a back light fitted onto the inﬁer surface ¢f this
liquid crystal display. A protective plate 114 is provided
.on the liguid crystal display sidé of the display apparatus
102 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 cpening window 112.

Further, wvarious operational switches are provided in
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camera shake setting button 127 are all attached to a switch holder 124
installed in the camera body 101. Further, the microphone hole 128 is
also made in the switch holder 124, and the built-in microphone is fixed to
this switch holder 124. And the switch holder 124 is held by the camera:

chody HH inspeh agrannetdhatipart gidhe swiieh holdern 124iss helghe re are
between the front case 105 and rear case 106. FIG. 65 is a block diagram

pexplaiRing the spptrelpeancept phte-above-deserbed ynagestahilizenss - 115,
A control unit 130 includes: an image stabilization calculating unit 131;

a an-apalog.senverunit 132; a4drivpg skeuitani 83y fous amplifiers (AMR)  menu
134A, 134B, 135A and 135B; and the like. To the image stabilization

peatestatimeynit 13l are-coonecied aifirsi gwosensenl¥myviadhe first and the
amplifier (AMP) 134A, and a second gyro sensor 137 via the second

1 aeplifieh@AMR) 848 e The fitsh gyrarsansar 36 detects theanuntof on mode
displacement in the first direction X caused by a camera shake or the like

( spplied imthpecamerailbadyi ¥t anditheybecondagyto seasdrilly) detebts zoom
the amount of displacement in the second direction Y caused by a

bcameta dlidke o tiielikes appleditoghecamnetaibody 104 Altmugarandisplay
example in which the amount of displacement in the first direction X and

bl camolib? of displacententin ke secondpliregtion Thare rseparatehrton 118
detected by providing two gyro sensors has been 105

selects various menus. The direction key 112 moves a menu-

selecting cursor and the 1like. The screen button 121

ewitches screen sizes and deletes a Séreen. B 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 is

incorporated, and a strap supporting metal plece 123 1is

attached to an end on the oppogite side thereof.

Also, as shown 1in FIG. €4 and other figures, on the
upper surface of the camera body 101 are provided: a power
putton 125 with which to turn the power on/coff; 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 1like. Further, a microphone hole 128 1is 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 shcoting button 126 and the
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explained in this embodiment, needless to say, the amount of
displacement in the two directions, the first direction X and second
direction Y, may be detected by one gyro sensor. The analog servo unit
"~ 132 is connected to the image stabilization calculating unit 131. The:

cARalog servp Unit. 132 conyeris-a yalugcalculated by the image +o a switch

stabilization calculating unit 131 from a digital value to an analog value,

nh&Dgoutputs a.coptroh signal correspondingtp the,gnglog palue. #herner, the
driving circuit unit 133 is connected to the analog servo unit 132. To the

mdEMing-Clrcuitupit 33 ate connactedthedirst hall alement O4nwhishdsa 124,
first position-detecting element, via the third amplifier (AMP) 135A; and

aitle sacondhallelementQ5: ytichis aisecond ROsitioN-detecting elementolder
via the fourth amplifier (AMP) 135B. Further, to the driving circuit unit 133

124€ comhgctedztheflat enil 88 waieh ispa firskcaile and the eplinddgakcell pody
91, which is a second drive coil. The amount of displacement of the first
1moving fsame 51 indhedirst direetiopeXrdetected by e fikst halbelesient24 is
94, is input to the driving circuit unit 133 via the third amplifier 135A. Also,
héheiamoting oh dispiacement of the: second mbvirg:framess? ncthe second
direction Y, detected by the second hall element 95, is input to the driving
circuitngnit 183 viai the fourthlasnplifief lB3oBaBasedpipoin theyinpuksignalsnt rol
and the control signal from the analog 106
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) 134A, 134B, 135A and 135B; and the
iike. To the image stabilization calculating unit 131 are
connected a first gyro sensor 136 via the first amplifier
(AMP) 1342, and a second gyro sensor 137 wvia the 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 gyro 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 digplacement in the second direction Y e&re

cramty e A= ] P =N NN x e 1 oo 1
separately detected by providing two gyro sensors has been



servo unit 132, the driving circuit unit 133 outputs a predetermined control
signal to either the flat coil 88 or the cylindrical coil 91 or to both of them,

in order to move the correcting lens 15 for stabilizing images. FIG. 66 is a
block diagram showing a first embodiment of a schematic configuration of

e%@gqﬂeﬁﬁi”fﬁ”ﬁ@swgmﬂ@ﬂ%‘ﬁ"}h Aadmage stakilizer » having g unt of

ove- described structure and functions. This digital still camera 100

adngludes.adens barrel-1,a coptrol pnit 140, astorage apparatys Ml @Rt ion X

operation unit 142, a display apparatus 102, an external memory 143 and

arthe ike.Jhe lgnsharrel 1 @95ﬁ9§“§9e§@¥3@¥%§1ﬂ@edﬁgnﬁwﬂanéégsor.

plays a central role in a control apparatus. The storage apparatus 141

has @MogsmImeMary -data memory; other RAMRQM-okthe dike fohe image
driving the control unit 140. The operation unit 142 inputs various

s#gtruciion signalscerithe like fory tupming thespower phéoffaselestingse rvo unit
shooting mode, performing shooting or the like. The display apparatus

1392 Lisplays a captuead.inage o ihe tikel Tibe extesnalmeyaoryti43 1ization
enlarges storage capacity. The control unit 140 includes an operational

c&irewit having amierocempaiendCP W iand d1e likel for example afhe og value,
storage apparatus 141, the operation unit 142, an analog signal

aprocessing usit ¥4 caigital signalpedcessing datbohdh, 1yo AD the analog

converters 146 and 147, a D/A converter 148, 107

value. The driving circuit unit 133 is connected to the
analog servo unit 132. To the driving circuit unit 133 are
connected: tThe first hall element 94, which is a first
position-detecting element, via the third amplifier (AMP)
135A; and the second hall element 95, which 1s & second
position-detecting element, via the fourth amplifier (AMP)
135B. Fﬁrther, to the driving circuit wunit 133 are
connected: the flat cocil 88, wﬁich is a first coil; 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
894, is input to the driving circuit unit 133 wvia the third
amplifier 133A. Also, the amount of displacement of the
second moving frame 52 in the second direction 'Y, detected
by the second hall element 95, is dinput to the driving
circuit unit 133 via the fourth amplifier 135B. Based upon

P P T e oA .
the _L.I.L.)ut signalgs anda the con
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and a timing generator (TG) 149 are connected to this control unit 140.
The analog signal processing unit 144 is connected to a CCD 4 attached
to the lens barrel 1, and performs predetermined signal processing by
means of an analog signal corresponding to a captured image output
sdrora thenGEDA Thjs anadog sighali processinguinit 144 is: canhectecitoputs a
the first A/D converter 146, and an output thereof is converted to a digital
p sighat by this AlD ceonvester $446riEd thiedirsi AdBeconverter 146tis coil 88 or
connected the digital signal processing unit 145 which performs
tpredeteimited csinakprbcédsing by snéanshof afdigitalsigrhial suppked to move
from the first A/D converter 146. To this digital signal processing unit 145
tlace commected the displayldpdaratustil2i and thg extergalsmemory 143,
and an image corresponding to an object is displayed on the display
appa&atus R drs storbd o theléxtgnsat nsdmorin 3 bhsed upehzodigitant of
signal that is an output signal of the digital signal processing unit 145.
a Alscterthé secondnifDocorafeiten 1471 is gonAéctétialgyr-ddnsorcEdera 100
showing a specific example of a blur-detecting unit. A vibration, shake or
p ey likiedf a vwddreraabody: 18D & deteefetloyztils gyro deisbrd51taRd above-
image stabilization is performed according to the detected result. To the
desAcohedret g feigthriveted afiving eontrdini@gg digital still camera
100 includes & 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 dinputs wvarious instruction signals or the like for
turning the power on/off, 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 ah operational circuit
having a microcomputer (CPU); 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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unit 152 which is a servo calculating unit for image stabilization. The
driving control unit 152 stabilizes images by driving and controlling the
image stabilizer 5 in accordance with the position of a correcting lens 15.
To the driving control unit 152 are connected the image stabilizer 5, and

addirskpositign detectar 94 andrsecong)position detectop@avihieRare to  this

position-detecting units that detect the position of the correcting lens 15

cbydetactipgthe positionsef twamewingframes 53anekh Inaddition, 144 is
the timing generator (TG) 149 is connected to the CCD 4. Thus, when an

cipageokan ebject hasbeen input 4@ Belens systeme.2 okihe lens:bastel I,  and
and then an image has been formed on the focal plane of the CCD 4, an

pdhagesignab tbgeaat is oHtpUt asiathanalogrsignad 40 whichpredeiersineds  an
processing is carried out at the analog signal processing unit 144 and '
aRiiesthas Wchlis converted iaiadigitab signakipyt thedfirstiAiizeonvettent from
146. After predetermined processing is carried out at the digital signal
tpeocessy. unit 4G, an euipubfomstherfizst A/Prearwestend46usiit 144 is
displayed on the display apparatus 102 as an image corresponding to the
cohjeet tords stared insanexternal AMemaryrassmemorylidfoyrmation. lathe output
above-described shooting state, when a vibration, shake or the like is

tiappkedto the camerachadyd1 0t withahedigaigeedtablizerns in they this A/D
operational state, the gyro sensor 109
converter 146, :

To the first A/D converter 146 is connected the digital
signai 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 the display apparatus 102
and the external memory 143, and an image corresponding to
an object 1is displayed on the display apparatus 10Z or
stored in the external memory 143, based upon a 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 vibration, 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.

Toc the D/A converiter 148 is connected a driving control
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151 detects the vibration, shake or the like and then outputs a detection
signal thereof to the control unit 140. On receipt of this, the control unit
140 performs predetermined calculation processing, and outputs a control
signal which controls the action of the image stabilizer 5 to the driving

wfQntrol unit 152, Ihe diiying.contiglugit 153 autpuls g predetermingd,. 45546

riving signal to the image stabilizer 5 based upon the Tontrol signal from

s 7@ conyal. upit 140, therebymoying the Jitstmaying frame Slsih the st 1 1 ;¢

direction X by a predetermined amount and moving the second moving

ilﬁ@%%S%gn the;speopd dirgetion Y bysa fgdetemmingd amount S ;e 5 in

makes it possible to Stabilize images by means of the movement of the
2 COUEGHAGIeNs: 1Y, anddhus £a obigin ap exceligntdmaggFIG Y ISR 76 the

block diagram showing a second embodiment of the schematic

a£enfiguration of & digital stilheameras proyided withyan inage:stabilizern, : 11 zer
having the above- described structure and functions. This digital still

5 camer@ 04 includep adens Sarrelds aidao reordingireRdysHg position
circuit unit 160, an internal memory 161, a video signal processing unit

ade2cadshisplay apparaiusa1@3, pp extarsal qeersery:Hed, acofectinglensdetect
control unit 165 and the like. The lens barrel 1 has an image stabilizer 5.

+ Hde yideo+ rasording/repredusingreirctit-init 160 playsa egptraldoled ing the
control device. The internal memory 161 has a program 110

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 system 2 of the lens barrel 1 and then an image has
been formed on the focal plane of the CCD 4, an image signal
thereof is output as an analog signal to which predetermined
processing is carried out at the analog signal processing
unit 144 and after that which 1is 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 stcocred 1in an external
memory as memory information.

In the above-described shocting state, when a vibration,
shake or the like is applied to the camera body 101 with the

image stabilizer nal state, the gyro sensor
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memory, data memory, other RAM/ROM or the like for driving the video
recording/ reproducing circuit unit 160. The video signal processing unit
162 processes a captured image or the like into a predetermined signal.
The display apparatus 163 displays a captured image or the like. The
1 sexterrat seemory: 64 enlargesistoragesteeeityoThe Coerectingdensind  then
control unit 165 drives and controls the image stabilizer S. The video
ouepardingirepeadiucingeairceitamatll 6hénchaedest an bperationglciicuitnit 140.
having a microcomputer (CPU); and the like, for example. The internal
Ormmemeny<igd; the fidedsignal probessingauntitzre?, therddrrectidd lenperforms
control unit 165, a monitor driving unit 166, an amplifier 167 and three
prirttefaces {HEH] 112 172 aadi D78 @reocemmactad toathis viddagputs a control
recording/reproducing circuit unit 160. The video signal processing unit
s kB28ib cohnclted g rOLH 4akachettothedéns barrdimagf thgabilizer 5
amplifier 167, and a signal which has been processed into a
tprédeterdingd nddeersigaals Hput tolthé videBvecotdingieprogogingel unit
circuit unit 160. The display apparatus 163 is connected to the video _
1 ¥8cordighESroduci vy EREHEGRIL 160 vid e Aofitof ‘diAdg ukft 16612 image
Also, a connector 168 is connected to the first interface (I/F) 171, and the
steaddrhaFATenorP 268 Gansd coitreciothis confeétbr 1687 &hefyontrol
detachable manner. A connecting terminal 174 provided in a camera

+

'uqkﬁylffm 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 of the movement c¢f the correcting lens 15
and thus to obtain an excellent image.

FIG. 67 is a block diagram showing a second embodiment
cf the schematic configuration of a digital still camera
provided with -an image stabilizer 5 having the above-
described structure and functions. This digital still camera
100A includes a lens barrel 1, a video recording/reproducing
circuit unit 160, an internal memory 161, a video signal
processing unit 162, a display 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

e

in a control device. The internal memory 161 has a program

I
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101 is connected to the second interface (I/F) 172. An acceleration sensor
175, which is a blur-detecting unit, is connected to the correcting lens
control unit 165 via the third interface (I/F) 173. This acceleration sensor
175 detects displacement applied to the camera body 101 due to

niRyation, shake gethedike, as geceleratioRoANdA- g ReSeNsRECALRE driving
used as this acceleration sensor 175. To the correcting lens control unit

t HO5-Ag connected A lens - drvipg uhit-pf the image stabilizerbswhicthe video
drives and controls a correcting lens 15; and two position-detecting

s S§Asars;i4and 9o-which, detect theppositionsefthe eerredtingdensdbe or the
Thus, when an image of an object has been input to a lens system 2 of

1 thelepsharrgl $ apddherani®age hasabeentfoened op1he fogabpleneus 163
of the CCD 4, an image signal thereof is input to the video signal

d PEeLessingauniike2 va dhe maydifier167n & sighatwhithdasbeepnal memory
processed into a predetermined video signal at this video signal
1 pIocessinggurit Kisdnput de thecvitdeo retosding/repreducing diectit unintrol
160. Thus, a signal corresponding to the image of the object is output
uffom thesvideaveeording)/repraducing tdireuitrual < 68ttelthé treanitos -
driving unit 166, and the internal memory 161 or the external memory
164.TAza restitie @an imageocatiesponamgtbuthénmagecofithe iobjectisit 160
displayed on the display apparatus 163 via the monitor 112
includes: an operaticonal circuit having a microcomputer
(CPU): and the like, for example. The internal memory 161,
the video signal processing unit 162, the correcting lens
control unit 165, a monitor driving unit 166, an amplifier
167 and three interfaces (I/F) 171, 172 and 173 are
connected to this videc recording/reproducing circuit unit
160. The video signal processing unit 162 is connected to a
CCD 4 attached to the lens barrel 1, wvia the amplifier 167,
and a signal which has been processed into a predetermined
video signal is input to the video recording/reproducing
circuit unit 160.

The display apparatus 163 1s connected to the video
recording/reproducing circuit unit 160 via the monitor
driving unit 166. Also, a connector 168 is connected 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

111



driving unit 166, or is recorded in the internal memory 161 or in the
external memory 164 as an information signal, according to need. In the
above 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

1 @rcelerattomsensdr 165 detects:thendbration rshake drithe)likeéshd then
outputs a detection signal thereof to the video recording/ reproducing
circuihungd&a viadhe correctingotens ¢ontrobniit 1651 ©Onaedeiptiofdeis ecting
the video recording/reproducing circuit unit 160 performs predetermined

urcatculation processingg ane outpets @ocordrdl isignal,ewlsicltcortrels thenit 165
action of the image stabilizer 5, to the correcting lens control unit 165.

vihist@rredtingdlens wanfratenit I6% bufplls a fredsteeminetiirvingen senscr
signal to the image stabilizer 5 based upon the control signal from the

1 Videdereeordingireirdduing sirclAmit 860, teereby meviaga fbsdy 101 due
moving frame 51 in the first direction X by a predetermined amount and

tenovitiy atskeond shasg franied B2 i lito secondafircktiva Yibya and a gyro
predetermined amount. This makes it possible to stabilize images by

s gears ofahe hfoveAeht 6F tHdEsrrertifig e I8 and fusserobtdin-an To the
excellent image. As explained above, according to an embodiment of an

Chhage siamlizerst Ihe prasert Inveritibh, sirfee a @kder ROBRPESEG at ofte 1ens

side of a correcting lens, the image 113
driving unit of the image stabilizer 5, which drives and

controls a correcting lens 15; and two position-detecting
sensors 94 and 953 which detect +the ©peocsition of the
correcting 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 of the CCD 4, an image signal
thereof is input to the video signal processing unit 162 via
the amplifier 167. A signal which has been processed into a
predetermined video signal at this video signal processing
unit 162 is input to the video recording/reproducing circuilt
unit 160. Thus, a signal corresponding to the image of the
obiject is output from the wvideo recording/reproducing
circuit unit 160 to the monitor driving unit 166, and the
internal memory 161 or the external memory 164. As a result,
an 1image <corresponding to the image of the okject 1is

displayed on the display apparatus 163 wvia the monitor
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stabilizer can be small-sized and light in weight. Further, since one
magnetic circuit member including a magnet and a yoke serves as a
magnetic circuit for a first driver and a magnetic circuit for a second
driver, the number of components can be reduced and an apparatus itself

d£af heg smatlsizegiand light in weight fsia fgsultna lensdarrgl 1indiehy 161

an image stabilizer according to an embodiment of the present invention

ois installed,.and the whole of ancimagerapparatus incorpasating.thedens 1 gna1,
barrel can be small- sized and light in weight. Also, since a magnet used

afQrconstiycting adnagnetic circuit member serves as a magnet for a first
position detector and second position detector which detect the positions

of a fitst guide{pdirst mavipg fragnestbkand weeenchguide fs@GoR, shake or
moving frame 52) respectively, further the number of components can be

tredutedFurtherdbisi passible toreliminaterattie eaysetohy ag8p the image
between a shaft and bearing portion, because a flexible printed circuit
sbeprdlishent ta belW-shaped, andreptlsiveiforee iscapplieth betweer theration
first guide and a fixed base board or fixed portion, to which a fixed base
sboargrsuchsasia bacret is: fixed, ianckfoteas, theteleyaptparhin dn gpticahd then
axis direction, and so a correcting lens is forced toward the optical axis
odirection. Assa residt, ecmbuing framemdich hadlds-thefcorresting lehs can video
be moved smoothly, and the 114
recording/reproducing circuit wunit 160 wvia the correcting
lens - control unit 165. On receipt of this, the video
recording/reproducing circuit unit 160 performs
predetermined calculation processing, and outputs a control
signal, which controls the action of 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 stabilizer 5 based upon the control signal from
the video 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 meving 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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posture of the correcting lens is kept invariable, thereby preventing
deterioration in optical performance caused by fluctuation of the posture
of the correcting lens. Further, in the case where a lens barrel is .
constructed as a collapsible lens and light which has penetrated through

sEmobiective lens sled lo.a conecting lens of 2 image, siabiizgrafter.,, o,
eing bent by 90 ina prism, the correcting lens becomes paratflel with the

sg%oc“é‘.d%hee”:éggn%‘%sf‘ér?c‘{f an n a%%hrer%BB?ﬁati‘%ﬁSSErS?’ %”dm%(é'f&sﬁtt and a
Iréction and a seécond direction, which are the moving ~directions of the

y;‘%%réecs“é‘g '.%’%S'é"‘ée Berﬁ%aﬁié"c'?é 9 ‘l\?cgirﬁf_tﬁé‘ér‘?h?{‘r%@‘"i&’ﬂ gr and a

us, the first and second”™ moving frames which hold the correcting lens

m?g?éﬁ,%%y m&’%%l?i@a”rf%rrareé‘m Bulled toward the st dirgglion Qe -+ o £

irection by gravity, and it is not necessary to leave the image

SiAblizer pawerzgn alldhe ime dp prdepto hold up the fiist and second o pe

moving frames in a direction opposed to gravity. As a result, power

sf@nsurpton;can, he yregyced greatly when captudng mages Wit hg. s parrel

posture of the imager apparatus correct, and the length of time for which
1 the imaggr apparatus can beised.can be-made iong. MoreQvelxitidiiment of

- possible to reduce the thrust with which to move the correcting lens, and
+8Q an-allaveance fqrthe weight of thefisst-andsecond,moving frafigse of an

namely a hand shake acceleration of approximately 1G, is made
ipaseiblesand 8,413 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 detecf the
positions of a first guide (& first moving frame 51} and
second guide (second moving frame 52) respectively, further
the number of components can be reduced. Further, it 1is
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 barrel is
fixéd, and forces the relevant part in an optical axis
direction, and so0o 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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shake of a camera such as considerable hand shake can be coped with.
However, the present invention is not limited to a collapsible lens system,
and needless to say the present invention can be applied to a linear-type
lens in which an optical axis is kept straight all the way. The present

plN&YiON &”%ﬂ@itﬁgi%g&QggO%i%Qt%Qe%iﬁ?_@d eadier and.shown o o

" In the drawings, but various modifications are possible without deviating

promine gist afthe presentinyention. ot example, ajthgugh examples iy y

which a digital still camera is used as an imager apparatus have been

£ £xplaingd inthe aboye-descriped embadiments, the. prasent dnyention

can be applied to digital vid(_eo cameras, camera-equipped _personal
compyters,Jpobilg,phane with @ Quili;a camera,and,gther imageroqn s+ ructed

apparatuses as well. Further, although examples in which five-group

aéerbseé@ﬁa%.'fﬁdoﬁ% ajensbauel b have been explaingdopeediess 1oSah rough
the present invention can be applied to four-group lenses or fewer and

aRisercpae appliede six-groupilenses:or moreas: well. It shauldbe an  image
understood by those skilled in the art that various modifications,

s€apwinations, sul-eembinations andnalteraiipnsgnay ogeur depepdingAN  the
design requirements and other factors insofar as they are within the

cseepepithe appended elaims opthesgquivalepts thergaf. 13paMSvhen the
posture of an imager apparatus 1s 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 gravity acts. Thus, the first and second
moving frames which hold the .coxrecting 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 stabilizer power-on all the time in order to
‘hold 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 be used can be made long.
Moreover, it 1s possible to reduce the thrust with which to
move the correcting lens, and so an allowance for the weight
cf the first and second moving frames, namely a hand shake

acceleration c¢f approximately 1G, 1s made possible, and - a
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1. 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 of said lens
system and which are perpendicular to each other, comprising: a driver
shehieh is pravided:aé pae siderof said wanrecting terissandavhichsmakes then be
correcting lens in said first direction and said second direction, wherein
coatdidenerrhas Hdwstveat, which genesates thrustfarimoving saddt limited to
correcting lens in said first direction, a second coil which generates thrust
a forandwing isdid carectingjensmn, sachSecomedlirestion, anagnetstwhiclpresent
apply magnetic force to said first coil and said second coil, and a yoke
invtech Supportnsaicemagpétssdnd a thrustigerreratingporfien of said fitsi ch an
coil and a thrust-generating portion of said second coil are made to
onritersect @ach olterktpighs anglestandedverfape and Yhe magnetic force
of said magnets is applied to an overlapped part of both the
thruSthgereratimyportioNs it éommibbh. ROAN Inmagd sthbtlizetdccotdihgdgment s
claim 1, wherein said first coil and said second coil are 117 constructed
def acdnssination bfewo fattoikNWhich are [BYslly dormdrehelhabe finegprious
portions that are said thrust- generating portions, a combination of two
meghiddrical E6is whith have slpretletetmiradthickyesstinnte diksdtiotbp gist

of the present invention. For example, although examples in
which a digital still camera iz used as an imager apparatus
have been explained in the above~-described embodiments, the
present invention can be applied to digital videc cameras,

camera-eguipped personal computers, mobile phone with a
built-in camera and other Iimager apparatuses as well.

Further, alithough 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 alsoc 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 occur depending on design reguirements and
cther factors insocfar as they are within the scope o©f the

appended claims or the eguivalents thereof.
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stacked coils and have linear portions that are said thrust- generating
portions, or a combination of said flat coil and said cylindrical coil. 3. An
image stabilizer according to claim 2, wherein said flat coil has two coil
portions formed by winding one coil wire; thrust-generating portions of
C..Lsaid two coil portions are disposed side by side; and an electric current is
alIEjS . . . . - .
made to flow in the same direction at both the thrust-generating portions.

4.An i%%gei%&(g%%izesrt??%gidjegéo claim 3, ggsgemé% thrust-gensrating .. o

porfions of said two coil porfions are made different in length, and part of

= Sald yoke .5 disposed an the sidg ofig short thﬁhsdteﬁsnie@éipﬁ@@r@yn, a lens

where a longthrust-generating portion extends. 5. mage stabilizer

sy%%%HdTQt8aﬁyéyF‘Hf%%EE&%JOéh&”gmgé@SHHSHE&é€¥§BQWQEich are

Ich guides said correcting lens in said first direction; and a second

pe\%%igﬁﬂmﬁﬁgw,d%%,saé% 118 copeeting lens in said segondditection - ey zng

erein said driver includesa first driver which moves said correcfing

whlens in said first diregtionaleng said. figst guide, and-g.secanddriver which

moves said correcting lens in said second direction along said 'second

quide; and;said firsy driver hasssaid fiks} coil said maggets ang said ygke, sa:q
and said second driver has said second coil, 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, & second coill which generates thrust for moving
said correcting lens in said second direction, magnets which
apply magnetic force to sald first coil and said second coil,
and a yoke which supports sald magnets, and
a thrust-generating peortion of said first coil and =a
thrust“g@nérating portion of sald second coil are made to
intersect each other at right.angles and overlap, and thes
magnetic force of said magnets 1s applied to an overlapped

part of both the thrust-generating portions in common.

2. An image stabilizer according to claim 1,

wherein said first coil and said second coil are



magnets and said yoke. 6. An image stabilizer according to claim 5,
wherein said first coil and said second coil are fixed to a fixed base board
which supports said correcting lens in a movable manner by means of
said first guide and said second guide, and said magnets and said yoke

co%rsetﬁrxuegtt% X @PVIQQE%Q\LEeiVI\{%%Q ‘Qld%galg_\sgr_reﬁ@g le_ch?izs A.%hich are
image stabilizeraccording to claim 5, wherein said first coil and sai

1e%%g°1”f cpllare f%‘r‘?g E?a%g‘oi’ik'}%%r;ﬁo‘%@%- 0l 3 sqd %)9€e§%“9d'e‘8%rrust—

and said” magnets and said yoke are fixed to a fixed base board which

Ge%uﬁoépaotr??n%ai%a c?%@?%ul}g, lens I&DMQ\Q&M g&n el&@% f§ ngfrs.@;g f rSE oils

® “guide andsaid secon guiae. 8. An image stabilizer according to any one

whgfccf!a"ﬂgx;‘e t0:57’ %%&’Q@é?ﬁfﬁ@dm gﬁeéﬁﬁg@@ aﬁrma‘gﬂgts Tﬁrrection of

generating thrust'by giving magnetic force to said first coil and said

<+ 3¢500d coll; and also serve as.magnets for.a first position .defector and g,y -

second position detector which detect the position of said correcting lens

ge@é¥éiﬁﬁsdES%@%B%@qt%%PQQQQ&EHﬁQQfSﬁO%%d@§¥@”flat coil and

respectively,” regarding said lens system. 9. An image stabilizer according

sa@&'@ﬂ%n\ﬁ’?ﬂ?ﬁ said:first position detector and said second position
detector have a first hall element and a second

3. An image stabilizer according to claim 2,

wherein said flat coil has two coil portions formed by
winding one coil wire; thrust-generating portions of said
two coil portions are disposed side by side; and an electric
current 1s made to flow in the same direction at both the

thrust-generating portions.

4, &n image stabilizer according to claim 3,

wherein said thrustwgenerating porticns of said two ceoil
porticns are made different in length, and part of saild yoke
is disposed 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 claims 1
to 4, further comprising:
a first guide which guides said correcting lens in said

first direction; and a second guide which guides said
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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 barrel
comprising: an image stabilizer that stabilizes images by moving a

ccqaredingdens far stabilizing images foymed by ajens system in a first

direction and a second direction which are perpendicular to an optical

axis,gfsald lens.system,and. which arg Jaerpendicylar to;each othar, - yoves

wherein said image stabilizer has a driver which is provided at one side of

s258id coprecting lens and ywhich moyes the.coprgcting lens.in said first, ., 5214

direction and said'second 120 direction, wherein said driver has a first

£ scalkwhjch genetatgs thrustfon maying,said carrecting lens in said ISt o cr i ng

direction, a second coil which generates thrust for moving said correcting

1g8s Hhs%igﬁ?c%gﬁi@cg‘é’ﬁe@%ﬂ%?}sé’i@ﬁ% applymagnefic farceda said, 4

first coil and said second coil, and a yoke which supports said magnets,

and g theust-generating.Rortion of saiddirst col and & fhruskgeneraiing.c s and
portion of said second coil are made to -intersect each other at right

s BMgles,aad oyedap,and the-magnetic {aree gf saidmagnels ds,appliethto <519
an overlapped part of both the thrust-generating portions in common.

magnets and said yoke.

6. An image stabilizer according to claim 5,

wherein said first ccill and said second coil are fixed
te a fixed base board which supports said ceorrecting lens in
a movable manner by means of said first guide and said
second guids, and said magnets and said yoke are fixed to a

moving frame which holds said correcting lens.

7. An image stabilizer acbording to claim 5,

wheréin said first coil and said second coil are fizxed
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 movable manner by means

of said first guide and said second guide.

8. An image stabilizer according to any one of claims 1
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121 11. A lens barrel according to claim 10, wherein said lens system is a
collapsible lens system in which a middle part of said optical axis is bent

by approximately 90, and said driver is provided at one side

perpendicular to a plane formed by two optical axes of a first optical axis

on the . objegtive lens side and a second.optical axis, on.the IBAE ey s
formation side in said coﬁ psnbﬁe lens system. 12N Imager appa?aefus

£rGOMRris] gzncfi@ﬁgaﬁg WQ%C{‘Ci”%!:‘%ésg%m@%t%@}zse{ that stabilizes < 514

images oving a correcting’lens ilizing images formed ya

Sgggﬁgy_Sghjngﬁgﬂgﬁg'WEQQQQa%ﬁC%; gg%gbggum ha&%st position

perpendicular to an optical axis of said lens System and which™are

deRgrpendiculardo SaCQeOé%%a”&?é‘i‘ma&?r %%9?@%‘9&035 LTC‘P{h‘%E de the
I w tabiliz IS

ens barrel Is stored, wherein said image s er has a driver whic

pogrﬂ,’p&q a&f’”?_asi%e 85%%1'9&9{@&“'1%%%1513:?‘13‘%@&“ ﬂq:\ée,cs t@?rection and

correcting lens in said first direction and said second direction, wherein

+heAld drivey hag.a first,coil which generatesdhrugh; Jrmoyng saldg oo e 5 vely,

correcting lens in said first direction, a second coil which generates thrust '

rM9E moMing said cotrgeling lens.in said second direction, magnets which
apply magnetic force to said first coil and said second coi' , and a yoke
which supports said ' :

%. An image stabilizer according to claim 8,

wherein said first position detecteor and said second
pcsition detector have a £first hall element and a2 second
hall element respectively which detect the positicn cof said
correcting lens from the position of said magnets, and said

first hall element and said second hall elenment are mounted

on one substrate.

10. 2 lens barrel comprising: an image stabilizer that
stabilizes images by moving a correcting lens for
stabilizing images formed by & lens system in a first

direction and a second direction which are perpendicular to

0]

an optical axis of said lsns  systsm  and which are
perpendicular to each other,
wherein saild 1image stabilizer has a driver which is

provided at one side of said correcting lens and which moveas

the correcting lens in said first direction and said second
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magnets, and a thrust-generating portion of said firs_ coil and 122 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 thrust-generating portions in
41 Gmmon. }3. An imager apparatus according to claim 12, wherein said
lens system is a collapsible lens system in which a middle part of said
optigglaxis js bent By appraximately 99, and sgid diver is.providedat o rates
one side perpendicular to a plane formed by two optical axes of a first
tnoptical axis.on theobjgctive lens side-and a;second opticalaxis @aihe  firsc
image formation side in said collapsible lens system. 14. An imager
didRparatys acgordingdo.£laim: 12 Qi3 nwherein.said imagenapparius moving
case is flat and rectangular, in which an objective lens of said lens system
saisdisposedania firstmainsurtace; asecond optical axisaf salddensc s which
system is disposed in a direction parallel with said first main surface; and
ap$Aid deivetrisdisposed.at one side in a direetion, perpendigdartossaidng coil,
second optical axis and parallel with said first main surface. 123 IMAGE .

ana ABIdZERLENS BARREL AN IMAGER APPARAZUS ABSTRACT
OF THE DISCLOSURE An image stabilizer that stabilizes images by

mowingtd rust—generating portion of said first coil and a
thrust-generating porticn of said second coil are made to
intersect each other at right angles and overlap, and ths

magnetic force of sald magnets 1s applied to an overlapped

part of both the thrust-generating portions in common.



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,

1;includes a driver, which is ‘Qﬁ%id@‘g %tlg}rﬂ% side of the correcting lens and
“Which moves the correcting lens in the Tirst diréction and the second

diregfion.Higurg:1 424 o1 system is a2 collapsibie lens system in
which a middle part of said optical axis 1s bent by
approximately 90°, and
said driver 1s provided at one side perpendicular to a
plane formed by two optical axes of a first optical axis on the

ohiective lens side and a second optical axis on the image

formation side in said collapsible lens system.

1Z2. An imager apparatus comprising: a lens barrel which
includes an image stabilizer that stabilizes images by moving a
correcting lens for stabllizing images formed by a lens system
in a first direction and a second irection which are
perpendicular to an optical axis of.said lens system and which
are perpendicuiar to each other and

an  imager apparatus case in which sald lens barrel is
stored,

wherein sald image stabilizer has & driver which 1s
provided at one side of said correcting lens and which moves the
correcting lens in said first direction and saild second
direction,

whereln said driver has a first coil which generates thrust

or 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 apply magnstic force to said
first coig.and sald second coil, and a yoke which supports said
magnets, and & thrust-generating portion of said first coil and
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a thrust-generating portion of saild second coil ares made to
intersect each other at right angles and overliap, and the
magnetic force of sald magnets is applied to an overlappad part

of both thrust-generating portions in common.

13. An lmager apparatus according to claim 12,

wherein said lens system is a collapsible lens system in
which & middle part of said optical axis i1s bent by
approximately 90°, and

said driver is provided at one side perpendicular to a
plane formed by Two optical axes of a first opitical axis on the
objective lens side and a second optical axis on the image

formation side in said collapsible lens system.

14. An imager apparatus according to claim 12 or 13,
wherein said imager apparatus case is flat and rectangular,
in which an objective lens of said lens system is disposed on &

first main surface; a second optical axis of sald lens system is

h

disposed in a direction parallel with said first main surface;

f

[
-

and sald driver 1s disposed at one side in iirection

f

perpendicular to sald second optical axis and parallel with gaid

first main surface,



IMAGE STARILIZER, LENS BARREL AND IMAGER APPARATUS

ABSTRACT OF THE DISCLOSURE

An image stabilizer thaf 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, 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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