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Field of the Inventidbn -The present invention relates to an optTc¢al " pi Tkup ﬁé

bi -axi al actuator utilized for recording and reproducing a signal with
respect to an optical information recordijng nmedi um such as an opti cal di sc
or a magneto-optic disc. Description of the Related Art Hitherto,

reproduction and re | t t to an
i nformation recordi %8&%13 |8‘u’r9n& Rﬁb%ggﬂg wﬁﬁ%ﬂgéﬁﬁ% alled -
conpact disc (CD) and magneto- optic disc) have been perfornmed using an
optical pickup. The optical pickup includes a sem conductor |aser as a

i ght source, an objective | BRBKGROURDtbEtusyahdRTRAF a |ight detector,
In the optical pickup, the optical beam emtted fromthe sem conductor

| aser, is focused onto an optical disc recording surface by the objective

| ens via an optical system Then, the light beamreflected by the optical
.di sc is separatEield tdf aHe dgitvdmdrarenmi tted from the sem conductor 1 aser by
the optical systemand then introduced into the |ight detector. The :
position al ong The pYrsentt insentdioremrsilatest tohenobpticalepicksp ilsi-satiimst ed
by an actuat or (descrl bed below) so that ‘the |ight beam emtted fromthe
seni condu@grugteut %]slq%lfﬁ'd r@ﬁ’l%”dtlﬁﬁ apei caprafueirecaralgRp b uritdee in

res onse to the di,spl ace e opti,cal disc _alon e di nsi on
P espect té)an Jnﬂl orm% ion recording ﬂeé{hm gmi as an

optical disc or a magneto-optic disc.

Description of the Related Art

Hitherto, reproduqtion and recording of an information
signal with respect to an information recording medium sucﬁ as
an optical disc (e.q. so—dailed compact disc (CD) and magneto-
optic disc) have been performed using an optical pickup. The
optical pickup includes a semiconductor laser as a lighf source,
an objective lens, an optical system, and a light detector.

In the optical pigkup, the optical beam, emitted from the
semiconductor laser, is focused ontb an optical disc recording
surface by the objective leﬁs'via an optical system. Then, the
light beam reflected by the optical disc is separated with a
light beam eﬁitted frpm.the semiconductor laéer by the optical
system and then introduced into the light .detector.

The position along the optical axis dimension of the
objective lens is adjusted by an actuator (described below) so
that the light beam, emitted from the semiconductor laser, is
focused onto the optical disc recording surface in response to
the displacemént of the optical disc along the dimension

perpendicular to the dimension of the surface of the optical
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per pendi cul ar to the dinension of the surface of the optical 2 disc, the
di spl acenent bei ng caused by warping of the optical disc or the |ike. At
the sane tinme, the position along the dinmension perpendicular to the
optical axis of the objective lens is adjusted by an actuator (described
bel ow) so that the position of the spot.pf the light beam enmtted fromthe

sem conductor |aser, on the optical disc noves along the track fornmed on
t he eccentricit

, f .1 he tical di tical di Ad t f
the posi t Fbfico LRECALIBIERBEFRF JAF SRB e itk RS he foHe o ORI RSy
I d.th Liion,of th . Opt i ' : ' f
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t he di nension perpe roular to the optical axis of the objective |l ens. The

obj ecti ve 1l.gas 18084180l SH@dhHSLEEUAEHRT (s & BSdd WEABIO isd> dhate thgpe
actuator. This actuator is called an objective |lens actuator or a bi- axial

actuat or. pAsfieiBnobrt BReasputt 6 EREPLLIGES Wedmwblen ttsed riyowurieed t hereto

an objective lens, a plurality of elastic supporting nenbers, and a drive

secti on wsieslicgaderabes ldsey ngn the optical disc moves along the track
formed on the eccentricity of the optical disc or on the optical
disc.

Adjustmenﬁs of the éosition of focus of the light beam
emitted from the semiconductor laser and the position of the
spot on the optical disc recording surface are performed by
adjusting the objective lens at a pbsition along the optical
axis dimension of the objective lens as well as the'position

_ along the dimension pérpendicular.to the optical axis of the
objective lens. The objective lens position is adjusted using
an elec£romagnetic drive type actuator,

This actuator is called an objective lens actuator or a bi—
axial actuator. A form of the actﬁato; éomprises a bobbin
having mounted thereto an objective leps, a plurality of e;astic
supporting members, ahd-a drive section which generates driving
force. Here, the bobbin is supported by the plurality of
elastic supporting members with respect to a fixing section in
such a manner that a;lows it to adjust the position of the
objective lens along the optical axis dimension, that is the
focus position, and"thé position along the dimension
perpendicular.to the optical axis of the objective lens, that is
the tracking position. A pi-axial actuator-will be described

below, with reference to Fig. 5.
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force. Here, the bobbin is supported by the plurality of elastic supporting
menbers with respect to a fixing section in such a manner that allows it to
adj ust the posjtion-of the objective |ens along the optical axis dinension,
that is the focus position, and the position along the di nension
perpendi cul ar to the optical axis of the,objective lens, that is the
tracking position. A bi-axial actuator Il be descrlbed belom/ wth
reference to Fig. 5. Such a bi-axial actuator is, for exa

constructed asSYABwA Ph’?*ba153°¢¥#%9¥l#ﬁytﬁ?%lﬁ%aWW&@wecoésﬁFuéiﬁglas
actuator 1 conprises a |ens holder 2 having an objective |lens 2a nounted at
its frontSRAE WMFE et bobbin 3 mounted to the |ens holder 2 by bonding
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the fixing section so t der 2 can nove vertically along two
di mensi ongpdt hahdi 8 8bPN0LoINE1A I RCkoN: it ERNUHN 1idME &19@rhY Bykbandihge

f ocusi ng di nensi on denot ed by Fcs, with respect to the fixing section 4
The af or eggnthengdlxeoi | bobbin 3 is constructed as

The aforementioned lens holder 2 is supported by two pairs
of elastic supporting members 5, one end of each pair being -
fixed to both sides of the lens holder 2 and the other end of
each pair being fixed to the fixing section 4, so that the
holder 2 can move vertically along two dimensions, that is along
the tracking dimension indicated by Trk and the focusing
dimension denoted by Fcs, with respect to the fixing section 4.

The aforementioned coil bobbin 3 is constructed as
illustrated in Fig. 6.

The coil bobbin 3 has an opening 3a which extends along the
focusing dimension which is denoted by Fcs right through the
bobbin, focusing coils 3b wound in such a manner as to surround
the opening 3a, .and tracking coils 3c provided at two places at
the front side of the coil bobbin 3. Each of the ends of the
focusing coils 3b and the trécking coils 3¢ are connected to a
connecting pin (not shown) which is provided at the back side of

_the coil bobbin 3.

When current flows througﬁ the focusing coils 3b and the
tracking coils 3¢ via the aforementioned connecting pin a |
magnetic flux is produced in the coils 3b and the coils 3c. The
maénetic flux interacts with the magnetic flux in a yoke 6

integrally mounted to the fixing section 4 and that in a
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illustrated in Fig. 6. The coil bobbin 3 has an opening 3a which extends

al ong the focusing di mension which is denoted by Fcs right through the
bobbi n, focusing coils 3b wound in such a manner as to. surround the opening
3a, and tracking coils 3c provided at two places at the front side.of the
coil bobbin 3. Each of the ends of the fgﬁusing coils 3b and the tracking
coils 3c are connected to a connecting pin (not shown) which is provided at
t he back side of the coil bobbin 3. Wien current flows through the focusing
coi |l s 3b @ermdneny amadnef coidtdaRhed fot hbeatokendnt i dnethédnersed rithein a
magnetic flux is produced in the.coils 3b and the coils 3c. The magnetic
flux intereRtks i RS TfrretSucHr [agx tion caugekEhe MATREEAF| Flwb PR ERLIREY he
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tracking dimension.

More specifically, force Fl which moves the lens holder 3
along the focusing dimension Fcs is produced by current that
flows through an effective section 3b - 1 of the focusing coil
3b in acCo:dance-wiﬁh Fleming’s left-hand rule. The effective
section 3b - 1 exists between the inner yoke member 6a and the
facing yoke member 6b énd takes part in controlling thé focusing
operation. On the other hand, force F2 (not shown) which-moves-
the lens holder 3 along the tracking dimensibn Trk is developad
by current flowing through the tracking coils 3c which extend
vertically at the inher.side, in accordance with Fleming’s left-
hand rule. |

The inner yoke member 6a and the facing yoke member 6b have
their upper ends linked by a yoke bridgé éc: The yoke bridge
6c, which is made of magrietic material, closes_thé magnetic path
formed by the inner yoke member 6a and the facing yoge member
6b. This causes the magnetic flux, passing through a non-
effective section 3b - 2 (which does not take part in
controlling the foéusing operation and faces the aforementioned
effective section 3b_? 1 of the focusing coil 3c¢) to be almbst
completely blocked by the yoke-bridge 6c, so that force
{opposing thrust) F3 generated by the current whicp flows

through the non-effective section 3b - 2 becomes so small as to |
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al ong the focusing dinension Fcs is produced by current that flows through
an effective section 3b - 1 of the focusing coil 3b in accordance with
Fleming's left-hand rule. The effective section 3b - 1 exists between the

i nner yoke nenber 6a and the facing yoke nmenber 6b and takes part in
controlling the focusing operation. On the other hand, force F2 (not shown)
whi ch-noves the |l ens holder 3 along the Tracking dinension Trk is devel oped

by current flow_ng,through the tracking coils 3c which extend vertically at
the i nner P& 8891ifiRd€ordance with Flening's left- hand rule. The inner

ok nmber 6 d the faci k mber 6b h t hei ds |jnked
by a yoke bri dJB%@ FORRECPERETBE BBSBLS THPER LIRS Ty e @ade oF
terial, gl th ti th_{ d t he i d
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the focusing cqidre3C)Hed @ stliSuppeFRkRehimbLosKke thdye tieMiGle bridge
6c, so that force (opposing thrustf F3 generated by the current which flows
through t e sparceident! iseetiensi ONpZbvidedbecotre emd sp@itidas 152 thexr®of,
adjacent to the fixing section 4. |
In the bi-axial actuator 1 with such a construction, the
magnetic flux, produced in each coil by externally supplied
drive voltage to each coil, interacts with the magnetic flux of
the yoke 6 and that of the permanent magnet 7 to move the coil
bobbin 3 along the tracking dimension Trk and the focuéing
dimension Fcs. In this way, the objective lens 2a mounted onto
the lens holder 2 is-mQQed along the focusing dimension and the
tracking dimension as required.
In the bi-axial actuator 1 with suéh a construction, a so-
called moving section assembly (comprising the lens holder 2,
the objective-lehs 2a, and the coil bobbin 3 ha&ing wound
thereon the coils 3b and 3c) is constructed such that its center
of gravity G, as shown in Fig. 6, foughly coincides with where
_the aforementioned driving forces Fl1 and F2 are applied, without
any phase lag with regard to the movement caused by the
aforementioned driving forces Fl and F2 dﬁring'focusing and
tracking operationé. When the center of gravity ;oughly
coincides with where the driving forces are applied, the
resonance méde of the elastic supporting member 5 is suppressed.
As shown in Fig. 6, however, in the bi-axial actuator 1

having such a construction, a balance weight 8 is added to the



be negligible. The aforenentioned el astic supporting nenbers 5 are nmade of
elastic material and are fixed between the | ens holder 2 and the fixing
section 4 such that they are parallel therewith. Here, the elastic :
supporting nmenbers 5 have flexing displacenment sections 9 provided at the
end portions 5a thereof, adjacent to thq;tixing section 4. In the bi-axial
actuator 1 with such a construction, the nmagnetic flux, produced in each

coil by externally suppljed drive voltage to each coil , interacts with the
magnetiyc FeXMe$t %/%ds oo a‘?fb‘yt’rfhtttlﬁ Q’L'tlﬁ’é’rﬁzr ﬁ&ngg‘F Fr&ﬁﬁe&%% grro%/% t he
coil bobbin,3 along_the tracking digrensian . Tr h S| L Aensi on
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the coil bobbin®3 having wound thereon the coils 3b and 3c) is constructed
such that shkgesepleanal FOravét Yo Ghe&SESAMNIhg tdiils 3B andughey teackindes

with where the aforenmentioned driving forces F1 and F2 are applied, wi thout
. any phasecbagswsth regard to the novenent caused by the aforenentioned
driving forces F1 and F2 during focusing and trackugg operations. Wien the
center of graviliny adddghon,cypkei Heddget hcwherrrewides it fgoltdes upper
applied, the : ' )
ends of the inner yoke member 6a and the facing yoke member 6b
so that the magnetic flux produced by the permanent magnet 7 and
that due to the yoke 6 do not pass through the noneffective
section 3b - 2 opposite the effective section of the focusing
coil 3b.
Therefore, more parts must be used, whiqh results in higher
parts cost and assembly cost. In addition, the balance weight 8
added to the moving section assembly adds to the weight of the
moving section assembly and thus makes the assembly and the

objective lens less responsive to driving along the focusing

dimension and the tracking dimension.
SUMMARY OF THE INVENTION

According to the present invention, there is provided a
lens moving apparatus including a moving assembly which holds an
objective lens and-has a coil bobbin, elastic supporting means
for supporting the moving assémbly along the focusing dimension
and the tfacking dimension, focusing coils and tracking coils
which are wound on the coil bobbin, and a magnetic circuit

formed by a yoke and a magnet.’



resonance node of the elastic supporting nmenber 5 is suppressed. As shown
in Fig. 6, however, in the bi-axial actuator 1 having such a construction,
a bal ance weight 8 is added to the -6- rearnost end (right end in the
figure) of the lens holder 2 in order to make the center of gravity G of
t he novi ng section assenbly having a heayy.objective lens 2a on its left
side roughly coincide wth the point of @pplication of the driving forces
F1 and F2 due to the focusing coils 3b and the tracking coils 3c. In

addi tion, yokeTheidgetér ¢f pravitedof dhé moving w$sembdiydd soposheibnadr
yoke menber 6a and the facing yoke nenber 6b so that the magnetic flux |
produced Bychhehalrikedprodetherf B ghibstanpe drem sheheffgrEigedscabiopass
t hr ough th% noneffectjve section 3b - 2 opposite the effective section of
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responsive to drrving al ong e tocusing dinension and the tracking

di mensi ongection of the focusing coil to the center of gravity of the
moving assembly and the force éroduced at the noneffeétive
section.

According to the present invention, a force F’ opposite in
direction to a force F'produceé at the effective section of the
focusing coil is produced at tﬁe noneffective section of the
focusing coil utilizing leakage magnetic flux from the magnetic
circuit, so that the force F is balanced by the opposing'force
F’ with respect to the center-of-gravity of the moving assembly;
thereby making it possible to reduce thé weight of the moving
assembly as well as to suppress resonance produced during
focusing.

With such a construction, when the lens holder holding the
objective lens is supported by the elastic supporting members,
passiﬁg current through the focusing coils or the tracking coils
causes the lens holder to move along thé focusing dimension or
the tracking dimenéion against the holding poﬁer of the elastic
supporting member, so as to efﬁect focusing or tracking of the
objective lens. |

The focusing coil develops a thrust and an opposing thrust
along .the focusing dimension at the efféctive section disposed
between the inner yoke member and the facing yoke member and at

the noneffective section opposite the effective section,



'SUMVARY COF THE | NVENTI ON According to the present invention, there is

provi ded a | ens noving apparatus including a noving assenbly which hol ds an
obj ective |l ens and has a coil .bobbin, elastic supporting neans for
supporting the noving assenbly along the focusing dinension and the
tracki ng dinmension, focusing coils and tracking coils which are wound on
the coil bobbin, and a magnetic circui T“%orned by a yoke and a nmagnet.

The center of gravity of the noving assenbly is positioned such that the
product ofespetitsivarige f e phedeicteotfi tbesepposingf thhest caaditd coil to
the center of gravity of the noving assenbly and the force produced at the
ef f ect i velisamnam fromithe nopefifect iviee spebdant tof thedrentee o f ranatHy

nonef fective section of the focusing coil to the center ravity of the
novi ng ase®ridle rawing earian mm%éd af eAEahoher FEEtPG%d‘g t19hrthe
According to the present .inventi fqorce F dlrectlon to a
force F gﬁ%RER%RPé;°Q b Wit §ﬂﬁnﬁ§ﬁ|4h§t8PCthg$ hé?na £87Y*VS produced
at the noneffecti ection of t e focus J o0 ge nmagnetic
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noneffective sectlon opposite the effectlve section of the

focusing coil, suppresses resonance mode of the elastic
supporting member, caused by the movement of the moving section
assembly during focusing.

When a balance weight is not fixed to the rearmost end of.
the lens holder to position the center of gravity G fofwardly of
the traéking coils, ﬁhe moving section assembly becomes lighter
in weight.

When the inner yoke member and the facing yoke member eaéh
have an open upper end in order to increase the opposing thrust
produced at the nodeffective section of the focusing coil,
opposite the effective section, it becomes unnecessa;y to employ
a yoke bridge that links the upper ends of the inner yoke member

and the facing yoke member to form a magnetic path.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic perspective view of an overall
construction of an optical pickup bi-axial actuator of an
embodiment of the present invention, as seen from the front.
Fig. 2 is a schematic perspective view of the bi-axial

4

actuator of Fig. 1, as seen from the back.



thereby making it possible to reduce the weight of the noving assenbly as
well as to suppress resonance produced during focusing. Wth such a
construction, when the | ens hol der holding the objective lens is supported
by the elastic supporting nmenbers, passing current through the focusing
coils or the tracking coils causes the | ens holder to nove along the
focusi ng di nension or the tracki ng di men8i-on agai nst the hol di ng power of
the elastic supporting nenber, so as to effect focusing or tracking of the

obj ective | ensrifhe 3f aeusl REherial idevebepSsact Dorial el adit appasivigaihr ust
al ong the focusing dinmension at the effective section di sposed between the
I nner yokeortdbar ofntthehbif-agind wokeatenbef Bbgl. at. t he noneffective
section opposite the effective section, respectively. The product of the
opposi ng t hrustFignd 4 He @& scheraticoplenevisHepfethe vl setiabragtpatar of
center of gravity of the noving section assenbly is equal to the product of
the af ore@®-i dned thrust and the distance fromthe effective section to
the center of gravity .G of the noving section assenbl Therefore, the

. e .
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Fig. 6 is a schematic cross sectional view of a critical

portion of the bi-axial actuator of Fig. 5.
DESCRIPTION OF A PREFERRED EMBODIMENT

A description will hereunder be given in detail of a
preferred embodiment of the present invention, with reference to
Figs. 1 to 4.

It is to be noted that althoﬁgh various preferred
technical limitations have been described, since the émbodiment
to be described below is a.preferred embodiment of the.present
invention, the scope of the present invention is not limited to
the forms thereof, unless specific mention is made of
limitations of the present invention in the following
description.

Figs. 1 to, 3 illustrate a bi-axial actuator of an
- embodiment in accordance with the present invention. Referring
to Figs. 1 to 3, a bi-axial actuator lOlincludes_a lens holder
11, a coil bobbin 12,-a plurality of elastic supporting members
13a, 13b, 13c¢c, and 13d, a fixing section 14, and a yoke 31.

| As il;ustréted in.Fig. 3, the aforementioned lens holder 11

is divided into an upper section 11U and a lower section 11L by



supporting nmenber, caused by the novenent of the noving section assenbly
during focusing. Wen a balance weight is not fixed to the rearnost end of
the |l ens holder to-position the center of gravity G forwardly of the
tracking coils, the noving section assenbly becones |ighter in weight. Wen
t he i nner yoke nenber and the facing yok@ -nenber each have an open upper
end in order to increase the opposing thrust produced at the noneffective

section of ddi JARUS M il ing AARAST el BRCRIAC! bYENSCEoAGM oXARAITES

unnecessary to enploy a yoke bridgé that I'inks the upper ends of the inner

yoke menbgre andh d e fael ng Yol SHRIReint #1601 B, anaBIRRt bpeR8hd. 1 BRI Eed
DESCRIPTIO@ECF THE DRAW NGS Fig. 1 i1s a schematic perspective view of an

overal | comstfuetdPrid Bh0MdkEn RisChien 1biasaxi aecassualbruséd afor
enbodi mrent of the present invention, as seen fromthe front. Fig. 2 is a

schemat i cepeimpetie ebjeaaiwd Xdres bi - axi al actuator of Fig. 1, as seen from
t he back. Fig. 3 i1s a schematic cross sectional view of a critical
portion of theAbhed&ib$ fermed oin dfheikpttiom Rifgthe irecgsschdhat BApian vi ew
of the b[-axial actuator of Fjgti 1. . _ | conductor

used for passing a light beam emitted from the semiconducto

laser or a returning light beam from an opticai disc. recording:

surface. An objective lens llc is mounted to the recess 1lb of

the lens holder by a bond or the like.

Further the lens holder is supported by the elastic
supporting members 13a, 13b, 13c, and.13d in such a manner as to
allow it to move along the focusing dimension Fcs (which is
parallel to the optical axis of the objective lens 1llc) and the
tracking dimension Trk (which is perpendicular to the optical
axis of the objective lens ilc).

The coii bobbih-lZ has formed therein.an opening 12a, and
is used for inserting a magnetic circuit including a yoke 31
formed integrally with the base and a permanent magnet 32, the

. magnet being attached to the inner side of an inner yoke member
31a. It also has wound thereon .focusing coils 12b and ﬁracking
coils 12c. | _

The focusing'coils 12b are wound on the coil bobbin 12
along an axis parallel to the optical axis of the objective lens
1lc. On the other hand, the tracking coils 1l2c are elliptical-
shaped or rectangular-shaped coils.. The coil bobbin 12, with
the focusing coils 12b and the tracking coilé 12c wound thereon,

is fitted into the opening 1lla formed in the lens holder 11.

Materials such as phosphor bronze, beryllium copper,



Fig. 5 is a schematic perspective view of an overall construction of a
conventional optical pickup bi-axial actuator. Fig. 6 is a schematic cross
sectional view of a critical portion of the bi-axial actuator of Fig. 5.
DESCRI PTI ON OF A PREFERRED EMBODI MENT A description will hereunder be given
in detail of a preferred enbodi nent of tge present invention, wth
reference to Figs. 1 to 4. It isto be-Adted t hat al t hough vari ous
preferred technical limtations have been described, since the enbodi nent
to be destitbaiiubetoppés, ot pioiickeld alimdi matindfesisheteedserntci pvangi on,
the scope of the present inventionis not limted to the forns thereof,

unl ess speépdi Eompake obhe selhatlel of syppAntiniomemdeishd 3greddht LAGengndn in
the follow ng description. Figs. 1 to.3 illustrate a bi-axial actuator of
an enbodi At PER2EER ot Haht PFFERrake drhate fthavh@aift iCORAUREANEr RRE to Fi gs.

1to 3, a bisaxial actuator 10 includes a |l ens holder 11, a coil bobbin 12,
a pIuraIiF?SbilgPﬁsti nsEB%o?%%?ﬁﬁWﬁﬂﬁﬁw%??ﬁﬁxa?Eﬂfo?ﬁf + &Rd £38™Plet i P ng
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by - are fixed between the lens holder 11 and the fixing section 14
in such a manner as to be parallel therewith.

Accordingly, the elastic supporting members 13a; 13b, 13c,
and 13d may be constructed such that the driving current froﬁ an
externél current supply means (not shown) is supplied to the
focusing coils 12b and the tracking coils 12c¢.

Viscous members 16,.or dampers, are applied t§ the end
areas 15 of the elastic supporting members 13a, 13b, 13c, and
13d, and hardened.

lWith the lens holder 11 and the fixing sectipn 14 linked to
the four elastic supporting members 13a, 13b, 13c, and 13d, the
fixing secgion 14 is mounted onto an adjusting'plate 30. The
adjusting plate 30 is used for adjusting the fixing position of
the fixing section 14 during assembly of the bi-axial actuator
10, and is fixéd onto a base 30 formed integrally with the yoke
by soldéring or the like.

Mounting of the adjusting plate 30 onto the base 31 is
performed by soldering rise éections 30a with respect rise
sections 31lc. The rise sections 30a extend upward from both
sides of around the back end of thé adjusting plate 30. The
rise sections 31lc extend upward from both sides of the back eﬁd
of the base 31. .

The base 31 has a-.pair of yoke members 3la and 31b forming



- 10-- a horizontal dividing line, the sections being bonded together. The
|'ens hol der 11, as shown in Fi-g. 3, has an opening l1lla used for fixing the
coil bobbin as well as a recess 11b used for fixing the objective lens. A
hole is fornmed in the bottomof the recess 11b, and is used for passing a
light beamemtted fromthe seniconductpi | aser or a returning |ight beam
froman optical disc recording surface. g objective lens 11c is nounted to
the recess 11b of the |lens holder by a bond or the |ike. Further the |ens
hol der is ShippaPever #gsenibed fagnetehpirauid ntiehs besd vpgprd Bgomakiye
13d in such a manper as to ow it to _npve ,along the, focusing dinension
Fos (whi cnefgenartl Toe Tase it ik 1 the CTactive Hengy sachry B PoAPTRBRNER

t he tracki | i rk (which is perpendi cul ar, t pt i axis of

t he obj ectﬁggg%gﬁggﬁg%g "l?‘ﬁe&géoi {héb%’fobslln‘i)ﬁg%n%gl % of) tIrr’r%& pﬁgrge&%ﬁ%%rogﬁé% ng
12a, and i gnysgd; oL, i g@gﬂft' i - 191¢) udipngoaq¥ake,31

for med integrglI§£w§¥%8§ﬁ%éb§§%a%n a é?ﬁ%ﬁgﬁﬁégnigi 32,-P%e ﬁég%étt%%ing
attached tpabheci8NELr&hfle 0§ AO-hddYy NAHE gBIDYE IJbke hemBlse Bag waynd

t hereon focusing coils 12b and tracking coils 12c. The focusing coils 12b
are wound @abt hen@othebpbbhindat ahafgettrdaxi s parallel to the optical axis
of the objective lens 11lc. On the other hand, the tracking coils 12c are
elliptical- As illustrated above, when the fixing section 14 is mounted

onto the base.31, the focusing coils 12b and the tracking coils
12¢c wound on the coil bobbin 12 are inserted into the gap
between the facing yoke member 31b and the permanent magnet 32.
At the same time, the inﬁer‘ydke meﬁber 3la and the permanent
magnet 32 are inserted into the opening 12a in the coil bobbin
12,

The cdil bobbin 12 of the bi-axial actuator 10 may be
construcfed as illustrated in Fig. 4. |

The coil bobbin 12 includes focusing coils 12b wound
thereon such that they surround the opening 12a. The focusing
coil 12b has an effective section 12b - 1, which exists between
the yoke members 3la and 31b, and a noneffective section 12b -
2, which exists opposite the effective section 12b - 1. Passing
current thgoﬁgh the focusing coil 12b causes drive current to
flow through the aforementioned effective section 12b - 1 and
noneffective section 12b -~ 2 of the focusing coil 12b. The
current which flows through the .effective section 12b - 1 of the
focusing coil 12b, disposed between the inner yoke member 3la
and the facing yoke member 315, reacts with the magnetic flux
due to tﬁe yoke members 3la, 31b, and the permanent ﬁagnet 32 so

as to generate, in accordance with Fleming’s left-hand rule, a



shaped or rectangul ar-shaped coils.. The coil bobbin 12, with the focusing
coils 12b and the tracking coils 12c wound thereon, is fitted into the
opening 1la formed in the lens holder 11. Materials such as phosphor
bronze, beryllium copper, titani um copper, tin-nickel alloy, stainless
steel, etc., are used to nake the elasti¢c supporting nmenbers 13a, 13b, 13c,
and 13d because it is preferable that'Théy are conductive and resilient. In
t he enbodi nent, these are formed, for exanple, as sheet netal suspensions
by thin | &&fuspre Ngehicheseresugpendieorss haldefri @dabengethet Aecheibrg hol der
11 and the fixing section 14 in such a manner as to be parallel therewth.
Accor di ngilimendniore|Bssi ¢ supporting nenbers 13a, 13b, 13c, and 13d nay be
constructed such that the driving current froman external current supply
means (not shoWm}ike cemygntipral t¥keshcudt Adicoigaser2hPsnYPPRE FPQEkgﬁg

of the ol BaS| SRS EUTHS MTRAbETE FAE Ehsh ZP300 NREC1SE oRRa ks BERCICC

O AR, e Wb S, SRS Oc Tobhos,

grzgfﬁngﬂ%ﬁ%gg%gﬁﬁﬁ% :)é&??rpl)%{% f§<9ce %\@éjd.sus.itli-arlg AAt 6nd0the Heelahoht
magnet 32 flows through the noneffective section 12b - 2 of the
focusing coil 12b, opposite the_effective section. When this
occurs, the current flowing through the noneffective section 12b

, - 2 of the focusing coil 12b, opposite the effective section,

reacts with the leakage magnetic flux due to the yoke 31a, 31b,
and the-permanent magnet 32, so as to generate, in accofdance'
with Fleming’s left-hand rule, an opposing:thrust F3 which moves
the lens holder 3 along the focusihg dimension Fcs.

The moving section assembly, including the coil bobbin 12,
the coil bobbin having wound thereon the focusing coils 12b and
the tracking coils 12c, the objective lens llc, and the lens
holder 11, has its center of gravity G positioned forwardly of
the front focusing coils 12b - 1 and the tracking coils 12¢c, as
illustrated in Fig. 4. "Here, the position of the center of
gravity is selected such that when the distances from the
centers of gravity G to the effective section 12b - 1 and the
noneffective éection 12b - 2 of the focusing coils 12b toward
the back side of the bi-axial actuator.are represented by Li and
L3, respectively, the following Formula 1 is satisfied:

Fl1 x L1 = F3 x L3 (1)

In the bi-axial actuator 1 such as that illustrateq in Fig. 5,

the center of gravity G of the moving section assembly is



the fixing section 14 during assenbly of ‘the bi-axial actuator 10, and is
fixed onto a base 30 forned integrally with the yoke by soldering or the

| i ke. Mounting of the adjusting plate 30 onto the base 31 is perfornmed by
soldering rise sections 30a with respect rise sections 31c. The rise
‘sections 30a extend upward from both sigdes of around the back end of the
adjusting plate 30. The rise sections 31¢C "extend upward from both si-des of
t-he back end of the base 31. The base 31 has a pair of yoke menbers 3la and
31b for mpwpitioned hetevesiordedeffeickdyensgreire 3PrcultOf vire HEdsHE war d
fromthe edges of the base 31 at the objective |lens side, and a permanent
magnet nomitleBh @nchdhenieacking rithdci nHBRT§BReIAehBer PE13 Wi ch is

For mod by et 11108 e ORSEEeREa SR8 SEHCCENNE: RESRBF ekl rmgnet

: Ta ; ) ht nmagnet
base 31, THEIGLAITRIG O 8 tina Tite SRR eRG oot Eoe7BUEeE 81 he
coi | DObDL 2 My SR Shdlls Hdla P chie! ¥agBnkacwbaghBdsy okuiRsdSEo 310
and the pe€rnmanent” magnet 32. At the sane tine, the inner yoke nenber 3la
and the pgrdeA&itmost end of the conventional moving section assembly or
the lens holder 2, is not employed in the bi-axial actuator of
. tﬁe embodiment. .

The bi—éxial actuator 10 of the embodiment is constructed
in the above-described way, wherein current is supplied to each
of the focusing coils 12b and the tracking coils 12¢, both of
which are wound on the coil bobbin 12, in accordance with the
chué servo signal and the tracking servo signal, respectivgly.

This causes the direct current magnetic field of the
magnetic éircuit and the alternating magnetic.field developed
from the focusing coils 12b and the tracking coils 12c¢ to drive
the lens holder 11, that is the objective lens llc, along the
focus dimension Fcs and the tracking dimension Trk.

The viscdﬁs membe;s 16, or dampers, are applied onto the
end areas 15 of the elastic supportihg members 13a, 13b, 13c,
and 13d, the end areas being adjacent to the fixing section 14, .
and are hardened, so that the desired damping characteristics
can be obtained. The dampers dampen the vibrationg of the
elastic supportihg members 13a, 13b, 13c¢c, and 13d, during
focusing or tracking.

'Heré, as shown in Fig; 4, the center of gravity G of the

moving section assembly is positioned forwardly of the tracking

coils 12c, so that the Formula 1 is satisfied, as stated above.



magnet 32 are inserted into the opening 12a in the coil bobbin 12. The coi
bobbin 12 of the bi-axial actuator 10 may be constructed as illustrated in
Fig. 4. The coil bobbin 12 includes focusing coils 12b wound t hereon such
‘that they surround the opening 12a. The focusing coil 12b has an effective
section 12b - 1, which exists between the yoke nenbers 3la and 31b, and a
noneffective section 12b - 2, which exists opposite the effective section

12b - P th h the,f 12 d t

Lo 11 ow  BEGQGHLAAY Yar BPefhOPSHBHOR PRCHTUES, &t (M ) L, Teflrad® o e"
ffect t 2 f h
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di sposed betzwege,ﬁa@th@% )é‘flf‘écﬂ‘i@eéeééf‘oﬁr@ftﬂ?ef%@& ke inenbeyr, 3Lb,

reacts with'th gnetic flux due to the yoke nenbers 31la, 31b and t he

per manent BdNYed32cSBadance §eNGLEhetheNtREGSHE dANCRevé1dbdd &t n@ies
| eft-hand rule, a -13- thrust F1 which noves the I ens holder 11 al ong

the focusigrredivimmesisetticn 19pl ke etBuepeipeet yokeise dentedr DT agmvittlyy
upper ends of ‘the inner yoke nenber 3la and the facing yoke nenber 31b are
not the opposing thrust F3 suppresses resonance mode resulﬁlng from
the thrust Fl, during focusing, at the elastic suppbrting
members 135, 13b, 13c, and 13d. |

In this way, the resonance mode of the elastic supporting
membérs 13a, 13b, i3c, and 13d, during focusing, is suppressed
by the opposing thrust F3 at the noneffective section 12b - 2 of
the focusing coil 12b, opposite the effective section. ' Here,
the obposing thrust F3 at the noneffective section 12b - 2,
opposite the effective section of the focusing coil 12b, is
used, thereby making it unnecessary to block the magnetic flukx
that passes through the noneffective section 12b - 2, This in
turn makes it unnecessary to use a yoke bridge which links the
upper ends of'the'yoke members 3la and 31b to form a closed
magnetic circuit.

In this way, in thé'focusing coil of the embodiment, a
thrust and an opposing thrust along the focusing dimension are
produced, respectiveiy, at the effective section between the
yoke members and the noneffective section wbich is oppbsite the
effective sectiqn.. Resénance mode of the elastic supporting
members caused by movement of the moving section assembly during
focusing is suppressed by the opposing thrust produced at the
noneffective section, opposite the effective section of the

focusing coil. Therefore, to reduce the opposing thrust at the



|l i nked by a yoke bridge, -but are open. This neans that | eakage magnetic
flux fromthe yoke nenbers 31a, 31b, and the permanent magnet 32 flows

t hrough the noneffective section 12b - 2 of the focusing coil 12b, opposite
the effective section. Wien this occurs, the current flow ng through the
noneffective section 12b 2 of the focumj¥§coil 12b, opposite the effective
section, reacts with the | eakage magnetic flux due to the yoke 31a, 31b,
and the perma SO0 as to generate, .in accordance with

n magnet 32, , :
Fl eming' s |“8PF%?§|$&1?’&| 3,e°§rii“8pp88¥’ﬁ§1‘t:ﬁrﬁ%? sf et ve RRAlam©f &he hol der
the corl  askR LN laTeaY) T8 BT AoRUSF NS GEUHIY A RAPTI Mo FRS AT B s
11 has |t < Cencorade Behel 6 e1l%, PRLFRY FEnehfteyTth SHREIHn: T ocusi ng
The posi tion of tTie Rarar St 168, aBstibuyaRah, bUhde Py Bo Yeddie

di stances fuhem the ealatice amgﬁevkgyn&tﬂowee&fxz@%ﬂé/er%w eheb of 1
and the noneffective section 12b - 2 of the focusing coils 12b toward the

back side dfhet Hens halidelr dot vatier 8bepbsPt €68NERE dontdr ¥ drdvity .
respecti\uﬂég the followwng Fornula 1 1s satisfied: F1 x LI = F3 x L3

(1) In the fscpaddly &ft §deot rackial asiflhat TheteBbral efewer fpart 5 nddit to
Center Of g iNiaeh, Cthle DAt Host and the assembly cost duced, and
e assembly cost are reduced, and,
in addition, the renponsiveness of the moving section assembly,
during focusing and tracking, is improved because of its lighter
weight. .

To increase the opposing thrust produced at the
noneffective-s?ction, opposite the effective section of the
focusing coil, it i3 not necessary to ﬁée a yoke bridge to link
the open upper ends of the inner yoke member and the facing yoke
member, which results in the use of fewer parts, and reduced
parts cost and assembly cost. |

It is cbvious that the elastic supporting members 13a, 13b,
13¢c, and 13d in the aforementioned embodiment'can'be inserted
into the lens holder 11.and the fixing section 14 to form an
ihtegral Structure therewith, although in the foregoing
description the elastic supporting members were merely fixed
with respect to the léns holder and the fixing section 14. It
is also obvious that the lens holder 11 can be integrally
formed, althrough in the foregoing description it was divided

into the upper section 11U and the lower section 11L.



-14- positioned between the effective section 3b - 1 of the focusing coil
3b and the tracking coil 3c, whereas in the bi-axial actuator 10 of the
enbodi ment, the center of gravity Gis shifted toward the front. The

difference in the center of gravity position occurs—because the bal ance
wei ght 8, mounted to the rearnost end ofyhe conventional moving section
assenbly or the lens holder, 2, is not enployed innL H

the enbodi nent. The bi-axial actuator 10 of the e 'w,if"'&”mmﬂ?bg[ egf

in the abdPRATdS GUYERaY S wherein current is supplied to dach of the

focusing coils 12h and the Lrackig%4%$ |s 12c. .both of which are wound on
the coil bobbirt 12 450 MOYEEh CPPRATehEOPBELE 88i vo signal and the

tracki ng servo si qﬁ%’ﬁgﬁﬁpe%H£H¥ .aLhB%J%?E§gglﬁggsdirect current

magneti c field%f gnetic cirrcurt an e al-ternating magnetic field

devel oped from he { OGS0, GRM 1P AR e chsagkigarsol | s 12c to drive

the | ens hol der that 1s e objective lens 11c, along the focus

di mensi on Fcs andnddend rsddmial i g8 O byl IsaidThensi E6dder n@nessid 6eok
danpers, are applied onto the end areas 15 of the elastic supporting

menbers 13seobdfdP; 13c, and 13d, the end areas being adjacent to the fixing
section 14, and are hardened, so that the desired danping characteristics
: focusing coils wound on said coil bobbin;

tracking coils wound on said coil Wobbin;

elastic supporting means resiliently supporting said moving
assembly with.respect to a fixing section; |

a yoke composed of an.inner yoke member‘and a facing yoke -
member fixed and disposed, respectively, at the inner side and
outer éide of the coil bobbin with respect to said fixing
section, such that said yoke is interposed befween these coils
vertically alohg the focusing dimension and the tracking
dimension; |

a magnet mounted to the inner side of at least either of
said inner yoke member or said facing yoke member;

an effective section of said focusing coil, with said
séction disposed between said inner yoke member and said facing
yoke ﬁember; and |

a noneffective'section of said focusing coil, with said
section disposed opposite said effective section;

wherein the center of gravity of said moving assembly is
positioned at the objective lens side from said coil bobbin so
that the product of a distance and the force produced at said
effective section of said focusing éoil, the distance measured

from the center of gravity of said moving assembly to said



can be obtai ned. The danpers danpen the vibrations of the elastic
supporting nenbers 13a, 13b, 13c, and 13d, during focusing or tracking.
Here, as shown in Fig. 4, the center of gravity G of the noving section
assenbly is positioned forwardly of the tracking coils 12c, so that the
Formula 1 is satisfied, as stated above. -15- Accordingly, when the
opposi ng thrust F3 due to the | eakage nﬁb&etic flux that is devel oped in

t he noneffective section 12b - 2, opposite the effective section of the

f ocusi ng caifleckilre isedttiion o€d shddb&baneéngt coilh iseabhdmiusequll duevdiheped
at the effective section 12b - 1 wth respect to the center of gravity, the
0pposi ng tgramitctFd s wppristseser esdnihee fowde peeducedgatremidhe thrust Fl,
during focusing, at the elastic supporting nenbers 13a, 13b, 13c, and 13d.
In this waygneaffeqgtdsenaess ivndefofsaile focusing sappor EPRgiHEMRFS 13a, 13b,

13c, and 13d, during focusing, is suppressed by the opposing thrusi F3 at-
t he nonef f‘&%ﬁ%%e‘%ﬂ‘bﬁhﬁﬁ:e—nt?rop t ﬁéaf’&EéfsPﬁgsébfil R%éb’,‘goﬁ)%%rll’ifgﬁ%

ef fective section. re,, the opposing thrust F3 at the noneffective section
12b - 2, oﬁb‘%i%‘é“?{%%%v&tﬁe\%@f&ﬁon of the focusing coil 12b, is used,
t hereby making it unnecessary to block the magnetic fl ux
2: A lens moving apparatus according to Claim 1, wherein

said coil bobbin has formed therein an opening used for

inserting said ipner yoke, has wound thereon said focusing coils

along é surface parallel to the optical axis of said objective

lens, and also has’ wound thereon said tracking coils into a

rectangular shape at a side near said objective lens of-said

coil bobbin such that said tracking coils are superimposed on

said focusing coils.

3. A lens moving apparatus according Fo Claim 1, wherein
said elastic supporting means has one end mounted to said moving
assémbly and the other end supported with respect to said fixing
section such that.said moving assembly is displéceably supported
with respect to said fixing section along the optical axis
dimension of said objective lens and a dimension perpendicular

to said optical axis dimension. .

4. A lens moving apparatus according to Claim 3, wherein
said elastic supporting means is formed by a plurality of

elastic supporting members which are themselves resilient.

5. A lens moving apparatus according to Claim 3, wherein

—_—
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t hat passes through the noneffective section 12b - 2. This in turn makes it
unnecessary to use a yoke bridge which |inks the upper ends of the yoke
menbers 3la and 31b to forma closed nagnetic circuit. In this way, in the
focusing coil of the enbodiment, a thrust and an opposing thrust along the
focusi ng di nension are produced, respectively, at the-effective section

bet ween the yoke nenbers and the nonef f ect¥ve section which is opposite the
effective section. Resonance node of the elastic supporting nmenbers caused
by nmovenentsadfd troy imgy iasgembdlyi ds asastibhytdar sugh f oisatsi swid otsjiguriessed by
t he opposing thrust produced at the noneffective section, opposite the
effective Seuts dis ofisposefoonsiong sdde. aftiesaidrelasbic eshprottthiampresisng
thrust at the -16- noneffective section, opposite the effective section
of the focud fispased jon thenethexgsidrecHithr §21@d bolRin tdispnseshge of the
| eakage nagﬁsti flux to the noneffective section. The noving section
assenbly can'& &9%-ghter in wei ght when the bal ance weight is not
nounted to the rearnost end of the |l ens holder in order to position the
center of gravity forwardly of the tracking coil. Therefore, fewer parts

need to be used,q!Ne MY ity Upheldif RS SHHRIA1HGSLoAE L LENHC Sohe AN

'said inner yoke and said facing yoke of said yoke are
constructed such that their free ends opposite their fixed ends
are nbt linked but open and form a magnetig circuit along with
said magnet so as to generaterforces opposite in direction in |
said effective section and said noneffective section of said

focusing coil.

7. A lens moving apparatus éomprising:.

a moving assembly formed by a lens holder holding an
objective lens and a coil bobbin mounted to said lens holder;

focusing coils wound on said coil bobbin;

ﬁracking coils wound on said coil bobbih;

elastic supporting means having one end mounted to said
moving assembly and the other end supported with respect to a
fixing section such that said moving assembly is dispiaceably
supported with fespect to said fixing section along the optical
axis dimension of said objectiﬁe lené and along a dimension
perpendicular to said optical axis dimension;‘

a yoke composed of an inner yoke member and a facing yoke
member fixed and disposéd, respectively, at the inner side and
outer side of said coil bobbin with respect to-saiq fixing

section, such that said yoke is interposed between these coils

I
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I n addition, the responsiveness of the moving secti-on assenbly, during
focusing and tracking, is inproved because of its lighter weight. To

i ncrease the opposing thrust produced at the noneffective section, opposite
the effective section of the focusing coil, it. is not necessary to use a
yoke bridge to link the open upper ends. gb_lhe I nner yoke nenber and the
facing yoke nenber, which results in the use of fewer parts and reduced
parts cost and, as enbl cost i s obvigus that th a upporting
menber s 13%9r58%af %9?%%ﬁ?%ﬁ%%qﬁﬂﬁﬁ9 ﬁ@g ghﬁ Efggan be

i nserted |nt % ens holder 11 and the fixing section 14 to forman

i nt egral s?ru% Gr & theremﬁth al though in the foregoing description the

el astic SUpport%nﬂaﬁgQ@%éuM@é& asrekef iﬂﬁﬁd Ndd JeHelease Lhenkensse

hol der and the fixi section 14. I's al so obvious that the |ens hol der
11 can be LRi&ULRhLY YOKk&BRemse h&.ugé’hidl 4 dPrete memiescri ption it was
divided into the upper section 11U and the | ower section 11L. 17 WHAT IS

CLAIMED | S: 1. Anléﬁﬁe&ﬁyvegsacﬁﬂbﬁtus sah@rifciuging deeirls hdltéesalldl di ng an
obj ective | ens;
section disposed between said inner yoke member and said facing
yoke member;
a noneffective section'ef said focusing coil, with said
seetion disposed opposite said effective section;
wherein the center of gravity of said moving assembly is
positioned such that when the distance from said effective
section of said focusing coil to the center of gravity of said
moving asseﬁbly is represented by L and the distance from said
noneffective section of said focusing coil ﬁo the center of
gravity of said moving assembly is represented by L’, and when
the driving force produced at said effective section is defined
las F and the driving force produced at said noneffective section

is defined as F’/, the follow1ng relatlonshlp between said

distances and said forces hold: L * F = L' * F'.

8. A lens moving apparatus according to Claim 7, whereiﬁ
said coil bobbin hasrformed therein an opening used for
inserting said inner yoke, has wound thereon said focusing coils
along a surface parallel to the optical axis of seid objective
lens, and also has wound thereon said traeking coils into a
rectangular shape at a side near eaid objective lens of said
coil bobbin euch that said tracking coils are supefimposed on

said focusing coils.
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a coil bobbin nmounted to said-lens holder; a noving assenbly forned by said
I'ens hol der and said coil bobbin; focusing coils wound on said coil bobbin;
tracking coils wound on said coil bobbin; elastic supporting neans
resiliently supporting said noving assenbly with respect to a fixing
section; a yoke conposed of an inner yokeqenber and a facing yoke member

fi xed and di sposed, respectively, at the inner side and outer side of the
coil bobbin with respect to said fixing section, such that said yoke is

i nt erposed between these coils vertlcally al ong the focusing di mensi on and

the tracking dl@Fnzrif; n%ﬁgeﬁaggggél thEordlogeéosé qu até?g%§t

either of said faC|ng y Fective
section of %%I%lfn%%‘és 09\' lmbeW' b EQ&Q &0 %‘. fRlyeen sai d
i nner yoke nmenber and-s aC|ng yoke er; a noneffectlve section

of said fO‘Hﬂfe'rﬂglgC@olmeW tm saiid 88pbaAn Qhép@ﬁ@pep@p@@m eesclintdy gidkect i ve
section; whereinthe center of gravity of said novi ng assenbly iIs

posi ti oned mimddie i@hjdasiposed eng siudeshiantsal dosihin baixbibetsedrhataithe
product of a distance and the force produced at said effective section of

sai d focumdhmenrﬂvetﬂunsmanwanoalnbabbuad fromthe center of graV|ty of
said noving assenbly to said .
10. A lens moving apparatus according to Claim 7, wherein
said moving assembly is constructed such that said objective
lens is disposed on one side and said elastic supporting means

is disposed on the other side, with said bobbin disposed

therebetween.

11. A lens moving apparatus according to Claim 7, wkerein
said inner yoke and said facing yoke of said yoke are
constructed,suck that their free ends opposite their fixed ends
are not linked but open and form a magnetic.circuit along with
said magnet so as to generafe-forces opposite in directica in

said effective section and said noneffective section of said

focusing coil.

* c L M S *




18 effective section of said focusing coil, is about equal to the product
of a distance and the force produced at said noneffective section of said
focusing coil, the distance neasured fromthe center of gravity of said
novi ng assenbly to said noneffective sectign. 2. A |lens noving apparatus
according to Caim1l, wherein said coi | “b®BbTn has forned therein an
openi ng used for inserting said inner yoke, has wound thereon said focusing
‘coils along a surface parallel to the optical axis of said objective |ens,
and al so has wound thereon said tracking coils into a rectangular shape at-

a side near L&ﬁbduablrﬁ%t h.‘é?Ahﬁ'i&sOf( Rordysens WoRei BripeR Hhat said tracking
coils are superinposed on sald focusing coils.- 3. A lens noving apparat us

according to Claim1l, wherein said elastic supportin ans has one end
mounted to said noving assenbl BARAEHHLHE &%@%t ed with respect to

said fixing section such that said noving assenbly is displaceably
supported with respect to said fixing section along the optical axis

opti cal axi's di méndiBs. meviRs| BedRasiagohrble RrERRE Rttor Botd g an
wher ei n optical pickup of, for example, an optical recording/reproducing
system. The apparatus includes a moving assembly holding an
objective lens and provided with a coil bobbin, elastic
supporting devices which support the moving assembly along the
focusing dimension and the tracking dimension, focusing coils
and tracking éoils wound on the coil bobbin, and a magnetic
circuit formed by a yoke and a magnet. The center of gravity of
the moving assembly is positioned so that the product of the
distance from an effective section of the focusing coil to the
center of gravity of the moving assembly and the force produced
at the effective section is about equal to the product of the
distance from a noneffective section of the focusing coil to the

center of gravity of the moving assembly and the force produced

at the noneffective section.

Figure 3



said elastic supporting neans is forned by a plurality of elastic

‘supporting menbers which are thenselves resilient. 5. A lens noving
apparatus according to Claim3, wherein 19 said noving assenbly is
constructed such that said objective lens is disposed on one side and said
el astic supporting nmeans is di sposed &4 the other side, with said bobbin
di sposed therebetween. 6. A lens noving apparatus according to Caim1,
wherein said i nner yoke and said faci.ng yoke of said yoke are constructed
such that their free ends opposite their fixed ends are not |inked but open
and forma magnetic circuit along with said nmagnet so as to generate forces
opposite in direction in said effectiva sgction and said noneffective
section of said focusing coil. 7. #E&, iovi ng apparatus conprising: a
novi ng assenbly fornmed by a | ens hol der hol ding an objective Iens and a
coil bobbin nounted to said | ens holder; focusing coils wound on said coi
bobbi n; tracking coils wound on said coil bobbin; elastig supporting neans
havi ng one end nounted to said noving assenbly %§d t he er end supported
~ with respect to a _ |6 |
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fixing section such that said noving assenbly is displaceably supported
Wth respect to said fixing section along the optical axis di-nension of
sai d objective lens and al ong a di nensi on perpendicular to said optical
axi s dinmension; a yoke conposed of an inner yoke nmenber and a facing yoke
menber fixed and di sposed, respectivel'ps4at the inner side and outer side
of said coil bobbin with respect to said fixing section, such that said
yoke is interposecF$E;3F3 these coils 1111111 111111 11111 11111111111
-20- vertically al'o h ocusi ng di nension and the tracking dinmension; a

magnet nounted to the inner side of at |east _eifher of said inner yoke
menber or said facing yoke menber; AQ® a"~ {2on of said focusing

coil, with saig section_dispased -'\‘
faci ng yoke ng i
section dispos
gravity of sai
fromsaid effe
of said

al g\ s yoﬁ menber and said
.\Y.{ 0 rng coil, with said

| ORy X¥IRrein the center of

cpthat when the di stance




novi ng assenbly is represented by L and the distance from said noneffective
section of said focusing coil to the center of gravity of said noving
assenbly is represented by L', and when the driving force produced at said
effective section is defined as F and the driving force produced at said
noneffective section is defined as F', thgs4dollowi ng relationship between
sai d distances and said forces hold: L *F =1L * F . 8 A lens noving
apparatus according to Claim7, whergin _said-coil bobbin has formed therein
an opening used for inserting said ifre ydﬂe, has wound thereon said
focusing coils along a surface parallel 10 the optical axis of said

obj ective lens, and al so has wound thereon said tracking coils into a
rectangul ar shape at a side near said objective |l ens of said coil bobbin
such that said tracking coils are superinposed on said focusing coils.

-21 - 9. A lens novi appar at ys rdi ng Caim?7, wherein said inner
yoke nenber of said ggﬁé i's inEhﬁ?SgBin 0 s3i qening formed in said
bobbi n, and wherein s&id facing yg?e ﬁﬂ. er ifa§ispose zggtr de said coil
bobbi n and between sfi TRCt i ie[TENs qndrgofl bgpbrﬁi S A|Pgys noving
appar atus accordi ng 7, efet1 /le-Z
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sai d noving assenbly is constructed such that said objective lens is
di sposed on one side and said elastic supporting nmeans is disposed on the -
other side, with said bobbin disposed therebetween. 11. A | ens noving
apparatus according to Claim?7, wherein said inner yoke and said facing
yoke of said yoke are constructed such t4¥4 their free ends opposite their
fixed ends are not |inked but open and forma magnetic circuit along with
said nmagnet so as to generate f.orces opposite in di.rection in said
effective section-and said noneffective sectlon of said focusing coi

FIG.6
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