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*BACKGROUND OF THE | NVENTION Field of the Invention This

I nventi S
to a biaxial actuator in an optical pickup for recording and/orqL “at‘sze_z/
reproduction of the information for an optical recording nmedium such as a
conpact disc. (CD), a CO- ROMor a magneto-optical disc, collectively
termed an optical .disc, and to an optical disc device. Mre particularly,
it relates to a biaxial actuator and an optical disc device in which it is
possi ble to reproduce optical discs of plural sorts having different-disc
formats. Description of the Related Art 1pb to now, the optical pickup for
reproduci ng an optical disc is made up of a sem conductor |aser elenent, as

light emtting neans, an objective lens for radiating the light fromthe
seni conductTHTLE; QB THE JAWENTIBNt he optical disc, a biaxal actuator for

hol ding th oI Yoy YIVZCHN Y f ol \TaL LRy EGrTOE LBRE 2

phot odet ec?bm (f\é[?:ééc_ﬁ%é;%ﬁeturnkﬁll ght - 'I’(k))'%lJt he g%tical disc and a
servo circusickcRouND i oF MgiE haveNaroml actuator in both the focusing and .
tracking directions based on a detection signal fromthe photodetector. The

bi axi al act®ikelsr ofsthadknygntdPna | ens hol der supported for rotation about
and for moverent, gl opg, &, SUpPOLEL Nk YBPR! £44 AN0WAGuNESH | £2laY opelédi ve o
t he signal recording S Yace of
' pickup for recording and/or reproduction of the information for
an optical recording medium, such as a compact disc. (CD), a CD-
ROM or a magneto—optical disc, collectively terméd' an optical
disc, and to an optical disc device. More particularly, it

relates to a biaxial actuator and an optical disc device in which
it is possible to reproduce optical discs of plural sorts having
different disc formats.
Description of the Related Art

Up fo now, the optical pickup for reproducing an optical
disc is made up of a semiconductor laser element, as light
émitting means, an objective lens for radiating the light from
the semiconductor laser element to the opﬁical disc, a biaxal
actuﬁtor for holding the objective lens for'movement in biaxial
directions, a photodetector for detecting'the_returp light from
the optiéai disc aﬁd a servo circuit for drivihg the biaxial
actuator'in.both the focusing and tracking directiohs based on
a detection signeal from the photodetector.

The biaxial actuator is made up ofig lens holder supported
for rotation about and for movement along a_supporting shaft

extending vertically relative to the signal recording surface of



the optical disc, a single objective lens having its optical axis supported
+parallel to the supporting shaft, at a position offset fromthe supporting

shaft of the lens hol der, -and a bi axial base carrying the supporting shaft,
as disclosed in, for exanple, United States Patents 4,473,274 and

4,571,026. Wth the biaxial actuator, a focusing coil is wound about the
cylindrical outer peripheral surface of the |lens holder, while a pair of
tracking coils are mounted on the outer surface of the focusing coil. On

t he biaxial base is nounted a magnet for facing the focusing and tracking
coils. Wth the above-described optical Bickup, the driving voltage
driving-controlled by the tracking servo and the focusing servo fromthe
servo circuit is suppled to the respective coils, so that thecgggnetic fl ux
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supporting sh . Thus, the objective lens, held in a
posi tion of fmat the ofagdpeetisgtsrafal of otlat ilens diolides,| end edidesiali basmeoved
tangentially with respect to the optical disc, as a result of rotation of

the | ens hotaravinghdhehpuprarbbp@cehdtt{ ot Fissiared. dfpr I9ri &*app-e-
.SUbSt anti al o3 ree(f %ttia)éestlg t;egﬁst ﬁaglﬂ%nﬁ ia.rn%Chi, Qﬁl,oidflce th? ObJ: ective | ens
i s moved ax a.ﬁy )Y the st I'ng 6f the Tens hdolder, the objective lens is
nmoved appropri atygleh kBkabiNgidD ddtmiaftesishnfpalisiagt conl Mpramumsl abeihice t he
objective lens is noved axially by the sliding novenent of the |ens
hol der, thetb@jettiqq;ical outer peripheral surface of the .lems holder,
while a pair of tracking coils are mounted on the outer surface
of the focusing coil. On thé biaxial base is mounted a magnet for
.facing the focusing and tracking coils.

With the above-described optical pickup,-the driving voltage
driving-controlled by the tracking servo and the focusing servo
from the servo circuit is suppled to the respective coils, so
.that the magnetic flux generated'in the respective coils co—acts
with the magnetic flux from the magnet. This lens holder ig
rotated about the supporting shaft, while being.slid along the
suﬁporting shaft. _

Thus, the objective lens, held in a position offset from the
center of rotation of the lens holder, is moved tangéntially with
respect to the optical disc, as a result of rotation.of the lens.
holder, whereby the objective lens is moved appropriately
subsfantially'relative to the tracking direction. Since the
objective lens is moved axially by the sliding of the lens

holder, the objective lens is moved appropriately relative to the

focusing direction. Moreover, since the objective lens is moved



| ens is noved appropriately in the focusing direction. This enables the
‘1ight radiated on the optical disc to forma spot correctly on the signal
recordi ng surface of the optical disc. The return light reflected fromthe
optical disc is incident on the photodetector such that the playback signal
fromthe optical disc is detected based on the detection signal fromthe
phot odetector. Wth an optical disc, it is contenplated to increase the
capacity of the disc as a an auxiliary storage device for a conputer or as
package medi'um for the speech or video ingormation for recording signals by
rasing its recording density . If the recording density is raised, it is
contenplated to increase the nunerlcal aperture NA . of t he

obj ective eL! d|n n on_or _from.the optica
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i ncreased, iy §si movéd %ﬁ&p?i&@é?ﬁnﬁh%hgt P&cdd ingraiegcé n di sC tilt
during signal readout is decreased. That is, since the signal recording
surface of the c‘ptiiscaiahilescthes lightrerhdiiaded ¢on eitepartitalk diser ddoefdavi ng a

pre-set thickness, such as mmin the case of a act wav.e-
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affecting the reproduced signal (RF signal). The wave-front aberration

si gni fi cant incidiepénals the phetodetédctér amichr thhat ddrwenpdbpbacit isdgngentrai ed in
proportion tﬁLthglggiréisc is detected based on the detection signal from
the photodetector.
With an optical disc, it is contempiated to increase the
capacity of the disc as a an auxiliary storage devide for a
computer or as package medium for the speech or video information
for recording signals by rasing its recording density . If the
recording density is raised, it is contemplated to increase the-
numerical aperture NA of the objective lens for
recording/reproducing signal on or from the optical disc. ,

However, if the numerical aperture NA of the bbjective lens
is increased, thére is raised a probiem that the allowance fo:
disc tilt during signal readout is decreased.

That is, since the signal recording éurface of the optical
disc is formed via a transparent substrate having a prefset
thickness, such as 1.2 mm in the case of a compact disc, wave—
front aberration is produced if the optical disc is tilted
relative to the optical disc of the objective lens of the oﬁtical
pickup, thus adversely affectipg the reproduced signal (RF

signal). The wave-front aberration significantly depends on the



power of the numerical aperture NA, first power of the skew angle [err] and
-to the disc substrate thickness. In the case of an optical disc of, for
exanpl e, pol ycarbonate, with a disc substrate thickness of 1.2 mm produced
at tow costs in large quantities, the skew angle e is thought to be
[err]0.5 to [err] 1f[err], such that an imgi ng spot on the signal recording
surface of the optical disc by the |light beamradiated fromthe opti cal

pi ckup becones non-symetrical due to the above-nenti oned wave-front
aberratiion. The result is the significandly increased inter-synbol

interference in the recording signal to render it inpossible to correctly
reproduce the RF signals. However, if the substrate thickness of the

optical disc is reduced by exploiting the fact that this third-aorder conm
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density of the optical disc as described above, it is effective to use an
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transparent substrate, such as 0.6 mm
thought to be H0.5 to u 1°, such that an imaging spot on the
signal recording surface of the optical disc by the light beam
radiated from the opticel pickup becomes non—-symmetrical due to
the above-mentioned wave-front aberration.

The result is the significantly increased inter-symbol
interferehce in the recording signal to render it impossible to
correctly reproduce the RF signals.

However, if the substrate thickness of the optical disc is

" reduced by exploiting the fact that this third-order coma,
aberration is proportionate to the disc substrate thickness, and
the signal recording surface is provided via a transparent
substrate 0.6 mﬁ in thicknesé, ihe third—-order coma aberration_
can be halved for thereby decreasing the wave—front abefration.

For realization.of the high recording density of the optical
disc as described above, it is effective to use an optical disc
with the decreased substrate thickness, as described above.
However, in this case, two standards having different disc
structures as the optical disc, namely a standard for a thicker

transparent substrate, such as 1.2 mm thick substrate, and a



.

thick substrate, becone valid. In an opti cal di sc appar at us
for recordi ng/reproducing an optical disc, there is thought to
be a demand for such apparatus as exhibits conpatibility for the
above-descri bed discs of the different structures. If a flat parallel
having a thickness equal tot is inserted in a converging light path from
the objective lens to the signal recording surface of the optical disc,
tthe spherical aberration proportionate tot x (NA)4 is generated in

desi gned

connection with the thickness t and thesgnumerical aperture NA The

obj ective

The spheri cal

t hi ckness.
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lens is designed for cancefing this spherical aberration.

Thus, jf_ an optlcal di sc, such as a conpact

aberration differs with difference in the disc substrate
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hus a problemis raised that

t he signal amanaeaedm-muedﬁeds of &ukoaﬁeeéi»gna‘ rsarutberéet urn light fromthe
optical disc.

If a flat parallel plate having a thickness eqdal to t is
inserted in a converging light path from the objective lens to
the signal recording surface of the optical disc, the spherical
aberration proportionate to t x (NA)4 is générated in connection
with the thickness t and fﬁe numerical aperture NA. The
objective 1lens 1is designed for canceling this spherical

aberration.

Thg spherical aberration differs with difference in the disc

substrate thickness. Thus, if an optical disé, such as a compact

disc, a write-once optical disc or a magneto-—optical disc, with
a disc substrate thickness of 1.2 mm, according to a étandard for
a disc structure, is reproduced using an objective lens having
a numerical aperture NA conforming to an optical disc substrate
thickness of 0.6 mm confofming to the other standard for the disc
structure, unforeseen fourth-order spherical aberration T x (NA)4
is produced due to the difference T in the disc substrate
thickness, thus siénificantly exceeding the allowable range for
the disc substrate thickness-accommodated by the optical pickup.

Thus a problem is raised that the signal cannot be detected



Thus a problemis raised that optical disc of plural different formats
‘cannot be reproduced by the conventional biaxial actuator. SUWARY OF THE
INVENTION It is therefore an.object of the present invention to provide a
bi axi al .actuator and an optical disc apparatus whereby the optical disc of
any format can be correctly reproduced by switching to an associ ated
objective lens. In one aspect, the present invention provides a biaxial
actuat or having a supporting shaft provided on a base plate at right angles
wit'h a 'signal recording surface of a regording medi um a | ens hol der
supported for sliding along and for rotati on about the supporting shaft, a
plurality of objective |lenses provided on the | ens holder, a focusing coi
nounted on the I ens holder for driving the Ilens holder in the focusing
~direction, «®@rce&tky nfradvithenbabuen ldghthéremnlheopddrat fish-i ving the | ens

hol der in the t i ng di | O g | sm genefati.n n rqvi ded
on the base pl a?g.&gT%e dg’gbﬁ%h s%s ggﬁg?g?i Egsﬁe?ﬁgqui ardrlggge%‘(}af élr‘ptfa'caici ng
t he focusi ngfeirkn@nGorhatsr adhndg ad | reproduteidnesy aspecCilconivBft peesent
invention provides an optical disc apparatus for recordi ng and/ or

r epr oduci ngpisxigpt petatdirsc i ncl uding driving neans for rotationally

driving the Lca L.SC, | source for radiating laser light, an
b 5 i

obj ective | ing the laser light radiated by the |ight
source to the It is therefore an object of the present invention to

providé a biaxial actuator and an optical disc gpparatus whereby
the optical disc of any format can be correctly reproduced by
switching to an associated objective lens.

In one aspect, the present inﬁention provides a biaxial
actuator having a supporting shaft provided on a base plate at
right angles with a signal recording surface of a recording
medium, a lens holder supported for sliding along and for
rotation about the supporting shaft, a plurality of objective
lenses provided on the lens holder, a_focusing coil mounted on,
the lens holder for driving the lens holder in the focusing
direction; a tracking coil mounted on the lens holder for driving
the 1lens holder in the tracking direction, and magnetism
gener#ting means provided on the base plate. The magnetism
generating means is arranged for facing the focu#ing coil and the
tracking coil.

In another aspect, the present invention provides an optical
disc appar#tus for recording and/or reproducing an optical disc
including driving means for rotationally driving the optical

disc, a light source for radiating laser light, an objective lens



optical disc, a biaxial actuator for novably supporting the objective |ens
in the focusing direction and in the tracking direction, photodetector
means for detecting the return |aser light radiated on and reflected from
the optical disc, servo neans for noving the objective | ens supported by
t he biaxial actuator in the focusing direction and in the tracking
direction based on a detection signal fromthe photodetector neans, and
novi ng neans for noving the biaxial actuator along the radius of the
optical disc. The biaxial actuator includes a supporting shaft provided on
a base plate at right angles with a sigﬁér recordi ng surface of. the opti cal
'disc, a lens hol der supported for sliding along the supporting shaft and
for rotation about the sugportingéshaft yural ity of objective |enses
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on the I ens holder for driving the | ens holder in the focusing direction,
and magnet i sbj eptrigeatlieng rwartheprfoeudeng oditdrt ibbas andl dne ther tirackimg t he
focusing coil and the tracking coil. The objective l'enses is selectivel
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appropriately switching to the associ ated objective Tens. BR
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an optical disc apparatus in which is assenbl ed a biaxal actuator
actuator in the focusing diregtion and in the tracking direction
based on a detection signal from the photodetector means, and
moving means for moving the biaxial actuator along the radius.of
the optical disc. The bigxial actuator.includes a suppbrting
shaft provided 6n a base plate at right angles with a signal
recording surface of the optical disc, a lens holder éupported
for sliding along the supporting shaft and for rotation about the
supporting shaft, a plurality of objective lenses provided on the
lens holder, a focusing coil mounted on the lens holder for,
driving the lens holder in the focusing direction, a tracking
coil mounted on the lens holder for driving the lens holder in
the focusing direction, and magnetism generating means provided
on the base plate for facing the focusing coil and_the tracking
coil. The objective lenses is selectively moved in the optical
path of laser light. |

According to the present invention, any type of the optical

disc can be correctly reproduced by appropriately switching to

the associated objective lens.

BRIEF DESCRIPTION OF THE DRAWINGS



according to the present invention. Fig.2 is a plan view show ng the
.structure of an optical pickup device in the optical disc apparatus shown
in Fig.l. Fig.3 is a longitudinal cross-sectional view as seen along an
optical path froma sem conductor |aser device through a raising mrror and
a collimator leans to an objective lens in the optical pickup shown in
Fig.2. Fig.4 is a cross-sectional view of a biaxal actuator in the optical
pi ckup shown in Fig.2. Fig.5 is a plan view of a biaxal actuator in the
opti cal” pickup shown in Fig.2. Fig.6 is & side view of a biaxal actuator in
the optical pickup shown in Fig.2. Fig.7 is a perspective view of a biaxi al
actuator in the optical pickup shown in Fig.2. Fig.8 is an expl oded
perspective view of the biaxial actuator of Fig.7. Fig.9 is a schematic

pl an vi ew showi Régal idghcbleckcdiggram fhoyipg (& °Hﬁﬁ?’rgls"‘§(‘)‘§itf‘F8n° %% | ens
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show ng the magnétic circuit at Ime of transition froma first neutral
position t&o&o&ﬁ@ﬁgdtdlewer drepest timremfioa.l ens hol der of the biaxial 9
actuator. Fig.1l1l is a side view show ng the | ens holder in the biaxial

Fig.2 is a plan view showing the structure of an optical
pickup device in the optical disc apparatus shown in Fig.1.

Fig.3 is a longitudinal cross—-sectional vigw as seen glong
an optical path from a semiconductor laser device through a
raising mirror and a collimator leans to an objective lens in the
optical pickup shown in Fig.2.

Fig.4 is a cross—sectional view of a biaxal actuator in the
optical pickup shown in Fig.2.

Fig.5 is a plan view of a biaxal actuator in the optical

inckup shdwn in Fig.2.

Fig.6 is a side view of a biaxal actuator in the optical
pickup_shown in Fig.2.

Fig.? is a perspective view of a biaxial actuator in the
optical pickup shown in Fig.2.

Fig.8 is an exploded perspective view of the biaxial
actuator of Fig.7.

Fig.9 is a séhematic plan view showing a magnetic circuit
at a first neutral position of a lens holder of the biaxial
actuator of Fig.7. _

Fig.10 is a schematic plan view showing the magnetic
circuit at the time of transition from a first neutral position

to a second neutral position of a lens holder of the biaxial



actuator at a first neutral position. .Fig.12 is a side view show ng the
1.ens holder in the biaxial actuator at a second neutral position. Fig.1l3 is
a bl ock diagram shown an electrical configuration for neutral point
switching in the |l ens holder of the biaxial actuator shown in Fig.7.
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Referring to Figs.1l to 10,
preferred enbodi nents of the present invention will be explained in detail.
The foll ow ng enbodi nents represent preferred enanels of execution of the

i nvention and include various technically desirable Iimtations. However,
unl ess specified to the contrary, the scope of the present invention is not
limted to these iflustrative enbodi nents. Fig.1l shows an enbodi nent of an
optical disc aanratus havi ng assenbl ed therein a biaxal actuator according
to the predfSt®*Afention. In Fig.1, an optical disc apparatus 10 includes a

spi ndl e not or _l%a apy Al ¥i HdRABY dHwihgl &ld Q8AL |no1dekVinG RN oREdqal disc
11, and an optlcaF pi ckup 13. The spindle nmotor 12 is run in rotation at a

pre- set ranQNu@eprdatvarﬁ}namnneotrtmlnu51¢pbncal disc driving controller 14.

An opti cal picku% 13 radiates |ight to a gnal recordlgglrjr 10 surface of
the rotating optf ¢t 1% 48 £1 §ise rekedy o‘T‘H’d’ Egrides 1ons, ditder 48 %
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Fig.13 is a block diagram shown an electrical configuratioﬁ
for neutral point switching in the lens holder of the biaxial
actuator shown in Fig.7.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figs.l1 to 10, preferfed embodiments of the
preseﬁt invention will be explained in detail.

The following embodiments represent éreferred enémels of
execution of the invention and include various technicglly
desirable limitations; However, unless specified to the cohtrary,
the scope of the present invention is not limited to these,
illustrative embodiments.

Fig.l1 shows an embodiment of an optical disc apﬁaratus
having assembled therein a biaxal actuator according to the
present 1nv§ntion. _

In Fig.l, an optical disc apparatus 10 includes a spinéle
motor 12, as driving means for rotationally driving an optiéal
disc 11, and an optical pickup 13.

The spindle motor 12 is run in rotation at a pre-set rpm
under driving control by an optic#l disé driving controller 14.

An optical pickup 13 radiates light to a signal recording



derived fromthe return light to a signal denodul ator 15 for detecting the
Teturn.light fromthe signal recording surface. The recordi ng signal

denodul ated by the signal denodul ator 15, is corrected for errors by an
error correction circuit 16 and sent to an external conputer via interface
17. This enables the outside conputer to accept the signals recorded on the
optical disc 11 as playback signals. To the optical pickup 13 is connected
a head accessing controller 18 for noving the optical pickup 13 by, for
exanpl €, track junp, as far as a pre-setjgecording track on the optical
disc 11. To the optical pickup 13 is also connected a servo circuit 19 for
novi ng a biaxial actuator in the focusing and tacking directions at the
moved positions of the optical pickup. The biaxjal actuator holds an

obj ective Isd%fage PRetBptretatingapyicsl disqill far &gncxdisg pigrals rjgs. 2
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source. The |ight beam outgoing fromthe sem conductor |aser device 21 is

conduced t osent to an external computer via interface 17. This enables the
outside computer to accept the signals recorded on the optical
disc 11 as playback signals.

To the optical pickup 13 is cénnected a head accessing
controller 18 for moving the optical pickup 13 by, for examplé,
track jump, as far as a pre—-set recording track on the optical
disc 11. To the . optical pickup 13 is also connected a servo
circuit 19 for_moving a biaxial actuator in the focusing and
tacking @irections at the moved positions of the optical pickup..
The biaxial actuator holds an objective lens of the optical
pickup 13, as will be explained later. .

Figs.2 and 3 show an optical pickup assembléd_into the
optical pickup 10. Referring to figs.2 and 3, the optical pickup
20 is.made up of a semiconductor laser device 21, as a light
source, a grating 22, as light splitting means, a reising mirror
24, as optical path bending means, a collimator lens 25, an
bbjective leﬁs 26, a photodetector 27 and a biaxial actuator 30
for moving the objective lens 26 in two directions.

The semiconductor laser device 21 is a 1light emitting



the grating 22. The grating 22 as light splitting neans is a diffraction
‘lattice for diffracting the incident light and is used splitting the Iight
beam out going fromthe sem conductor |aser device 21 into at |east three

| i ght beans, namely a main beamconsisting in the O-order diffracted |ight
beam and side beans consisting of a [err] first-order diffracted |ight
beans. The beamsplitter 23 has its reflecting surface 23a inclined 45
relative to the optical axis and separates the return light fromthe signa
recordi ng surface of the optical disc 113; That is, the light beamfromthe
sem conductor |aser device 21 is reflectel on the reflecting surface 23a,
while the return light, is transmtted through the beamsplitter 23. The

raising mrr 24 is a_li path bend m.r.ror shomm in Fi 3 and 4,
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return light fromthe optical disc 11 in the horizontal direction as
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i nclination fh%{% relative to the track direction of the optical
disc 11 (taﬁéﬁn??%ﬁ dction of the disc 11). 12 The col limator |ens 25
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mrror 24 into a parallel 1ight beam as shown in Figs.3 .

lattice for diffracting the incident light and is used sp11tting
the light beam outgoing from the semiconductor lasér device 21
into at least three light beams, namely a mﬁin beam consisting
in the O-order diffracted light beam and side beams consisting
of a u first-order diffracted light beaﬁs.

The beaﬁ splitter 23 has its reflecting surface 23a inclined
45 relative to the optical axis and separates the return light
from the signal recording surface of the optical disc 11. That
is, the 1light béam from the semiconductor laser device 21 is
reflected on the reflecting surface 23a, while the return light,
is transmitted through the beam sblitter 23.

The raising mirror 24 is a light path bending mirror, as
shown in Figs.3 and 4, and reflects the light beam reflected by
‘the beam splitter 23 in the horizontal direction indicated by
arow A in Fig.3, while reflecting the return light from.the
optical disc 11 in the horizontal direction as indicated by arrow
B in Fig.3.

. The raising mirror 24 has its direction of inclination set
at 45° relative to the track direction of the optical disc 11

(tangential direction of the disc 11).



The collimator lens 25 is arranged in an optical path bent by the raising
-mrror 24, that is n an optical path perpendicular to the signal recording
surface of the optical disc. Thus the di stance between the beamsplitter 23
and the raising mrror 24 is selected t be shorter, such that the biaxial
actuator 30, optical pickup 20 and hence the optical disc apparatus may be
reduced in size. Since the collimtor lens 25 is arranged between the
objective lens 26 and the raising mrror 24, a supporting shaft 32 is of a
| origer 'l ength, and hence the | ens hol de{3 33 may be held in stable state.
The collimator lens 25 has its |ateral side edge towards the supporting
sh?rt 32 cut off as indicated at 25a in Fig.6 for evadi ng possible

col lision against the supporting shaft 32-and the nei ghborjng .elenents,
nanely the a fJddgsPAYLRYlerzlen zfsodﬁs?n“g"'v’(?ﬁei%‘%s'ora“ F8£L§'§%tgesn§n§ﬁet 37. .
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Ssince the op%lcal Isc 11 can have a sufficient length in the track
direction eoighticbenpi,i aal showc il Figse3ompaoct. ve | ens 26 is a convex |ens,
as shown in Figﬁgg and 4, and forns an i nmage qof the collinated Iigpt from
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. Thus the distance between the beam splitter 23 and the

raising mirror 24 is selected t be shorter, such that the biaxial

actuator 30, optical pickup 20 and hence the optical disc

apparatus may be reduced in size. Since the collimator lens 25

is arranged between the objective lens 26 and the raising mirror

24, a supporting shaft 32 is of a longer length, and hence the

lens holder 33 may be held in stable state. '

The collimator lens 25 has its lateral side édge towards the
supporting shaft 32 cut.off as indicated at 25a in Fig.s for,
evading possible collision against the supporting shaft 32 and
the neighboring elements, namely the a focusing coil 34, a
focusing yoke 56 or a chusing magnet 37. Such cut-—off portion
25a is not obstructive to, for example, tracking servo sinqe the
optical .disc 11 can have a sufficient length in the track
'direction of the optical disc 11.

The objective lens 26 is a convex lené, as sﬁown in Figs.3
and 4, and_fdrms an image of the collimated light from the
collimator lens 25 on a desired track on the signal recording

surface of the rotating optical disc 11.



alternately inserted into the light path by a |l ens holder as a novabl e part
‘of the biaxal actuator 30. The photodetector 27 is configured to have a

| i ght receiving portion for the return |ight beamtransmtted through the
beam splitter 23. The sem conductor |aser device 21, grating 22, beam
splitter 23, raising mrror 24, collimator |lens 25 and the photodetector 27
are fixedly arranged on a biaxial base 31 as a nounting portion of the

bi axi al . actuator 30. Figs.7 and 8 show the structure of the biaxial

actuator 30. In these figures, the bi axi al actuator 30 includes a

bi axi al base 31 nounted with skew adj us nt on an optical base, 29 novably
supported along the radius of the optical disc 11 (in a direction Cin

F19.2) along a gifidgu3Belyvd NPl qls RafkUBy20r e R AEdb attialor S0

al so i ncludes a ‘supporting Shal ext endrng verti cal rellative 1o the

signal recopéhpesiidedi@ned f&e fRommaldating thb adffbrerd dotsbasetwsl, and
an oblong or rectangular |Iens hol der 33 supported for axial novenment and
for rotati oRPhitAk dife.axFhesef aptdcalipfédses nBrehARPPILedTIR Asxiew| be

actuator 30 rther Jncludes twp objecti | enges. 26a, , 26b .hawving_opti cal
axes held pgég?f%?'tetlc? tlﬁlgegﬁﬁ%olrlﬁonéc%ghg%{?h%tpag%pP -ge%gnl S °§r‘113§ f7om and

at di fferenpodagid FarROsk! {1 D ikt hyudtdrt BO. 14 rotary 'shaft of the
| ens hol der. OF the above two objective | enses, the objective.lens 26a is a
lens with a | ar dere mbatedeateictaped® isecovfiguged tos bavea NAght receiving

portion for the return light beam transmitted through the beam
splitter 23.
The semiconductor laser device 21, grating 22, beam splitter:
23, raising mirror 24, collimator lens 25 and the photodetector
27 are fixedly arranged on a biaxial base 31 as a mounting
portion of the biaxial actuator 30.
Figs.7 and 8 show the structure of tﬁe biaxial actuator 30.
In these figures, the biaxial actuator 30 includes a
biaxial base 31 mounted With skew adjustment on an optical base,
29 movably supported along the radius of the optical disc 11 (in
a direction C in Fig.2) along a guide 28 by the optical pickup
20. The bidxial actuator 30 also includes a supporting shaft 32
extending vertically relative to the signal recording surface of
the optical disc 11 on the biaxal base 31, and én'oblong or
rectangular lens holder 33 supported for axial movement and for
rotation about the axis of the suéporting shaft 32. The biaxial
| actuator 30 further includes two objecti;e lenses 26a, 26b having
optical axes held_parallel to the supporting shaft at a pre-set

distance from and at different angular positions relative to the



equal to 0.6) for a high recording density optical disc (the second sort of
the optical disc) and is of a dianeter larger than the objective | ens 26b
with a smaller value of NA (NA = 0.45) In the |lower half portion of the

| ens hol der 33, there is formed a cylindrical portion 101 concentric with

t he supporting shaft 32, whereas, in the upper half portion-of the |lens

hol der 33, there is fornmed a flange 102 in the formof a flat plate having
an upper surface 102c and |l ateral sides 102a, 102b. The upper surface 102a
and the | ateral sides 102a, 102b are pa&illel and normal to the signal
surface of -the optical disc 11, respectively. A pair of objective |enses
26a, 26b are arranged on the upper surface 102c of the flange 102 of the

| ens "hol der §3. The .0obj ctivq Ien% gb of the smaller dianmeter is arranged
248 pErihe G heRde

towards t hE° &t &° o of Che optical disc 11. The focusing coil 34

is mounted on tdye yne iaBdik Colo POSSdciviOienfed Nt HOWBE BB e Sich @Bat he
| ens holder 33, while a pair of tracking coils 35a, 35b are nobunted on the
| at eral si #l@sae1boms Wiklh asyangerirumernicedt pperture A {gppbras mjitdhdidt 32.

On the biaxial, base 3] of the biaxal actuator, 30, .a pajr_ aqf f.ocus coils
36, 36 andeﬁfﬁﬁifbo?'%}aiiﬁnﬁ 6% TS gaF@“ﬁ?F%ngﬁif%ﬁit%%?cpéé' i ons
not obstrugbédkh tshet! 6HNhePabti 1 WI8c) ankd iki @Pta GamE Okt dQrRer foHaR t he
sem conductor | aser device 21. The focusing coils 36, 36 are arranged

faci ng thethecels]ent ivei Llefd Z6pwidint ei dmabiert valupl DANA A poPt4i®n 101
symmetrically In the lower half portion of the lens holder 33, there is
formed a cylindrical portion 101 concentric with the supporting
shaft 32, whereas, in the upper half portion of the lens holder
33, there is formed a flange 102 in the form of a flat plate
having an upper surface 102c and latéral sidés 102a, 102b. The
upper surface 102a and the lateral sides 102a,F102b are parallel
| and normal to the signal surface of the optical disc 11,
respectively.

A pair of objective lenses 26a, 26b are arranged on the.
upper suffgce 102¢c of the flange 102 of the lens holder 33. The
objective lens 26b of the smaller diameter is arranged towards
the center of rotation of the optical disc 11.

The focusing coil 34 is mdunted on the cylindrical portion‘
101 on the 10Wer-ha1f side of the lens holder 33, while a pair
of tracking coils 35a, 35b are mounted onlthe lateral sides 102a,
102b symmetrical relative-to the supporting shaft 32.

. On the biaxial base 31 of the biaxal actuator 30, a pair of
focusing coils 36, 36 and a-pafr of tracking yokes 38, 38 are

arranged at the positions not obstructing the light path of the



relative to the supporting shaft 32, while the tracking yokes 38, 38 are
‘arranged facing the tracking coils 35a, 35b fromoutside, respectively.

I nsi de of the focusing coils 36, 36 are nounted a pair of focusing nagnets
37, 37, whereas, inwardly of the tracking yokes 38, 38 are nounted a pair
of tracking magnets 39, 39. Thus the tracking coils 35a, 35b are arranged
at both ends of the flange 102 of the lens holder 33 so that an
el ectromagnetic driving force of equal magnitude acts on each end of -the
flange 102 of the elongated |ens hol der §3 rotated about the supporting
shaft 32 as the center of rotation. Thi% allows for snooth rotation of the
| ens hol der 33. The I ens holder 33 of the present enbodinent is arranged so

that the raj;ghe0ndid ro%ggﬁnésfr%{ Qﬂgegeﬁi%‘gfdt&XT.ng?aJeql ?ﬁte'b%@e_t&.t RGie

focusing coil” and belowthe flange 102. The focusing co 4 is wound about
the outer prrcushsgycefld I88,cBI6i ade | extarpedt fanidd thes cpanaingycd¥0B4t he
tracking coils 35a, 35b and is nounted in proxinity to the peripheral
surface of i1 sepbdide ngfsndia Splinmdpkcals penfdonpciRl ngvegetrieelly f or ned

by el ectricalily;6oNdUehE V& MorEEnd UG ! 5(’/30,6‘ whi®h | ¢l Q@E?Iné YokBE 38

horizontal direction to a conpact  si ze. nversely, the tocusing coi'l 36
and the nmagetard7afrangadr fagig ithe prwekingyedids 3540 381 froppeutsnde shaft

32. This enables the focusing coil 34 t be reduced in overall size while
enl ar gi ng tPRSRECL&EELYe conductor |ength.

Inside of the'focusing coils 36, 36 are mounted.a pair of
focusing magnets 37} 37, whereas, inwardly of the tracking yokes
38, 38 are mounted a pair of tracking magnéts 39, 39.

Thus the tracking coilg 35a, 35b are arranged at both ends .
of the flange- 102 of +the: lens- holder 33 so that .an
electromagnetic driving force of equal magnitude acts on each end
of the flange 102 .of the elongated lens holder 33 rotated about
the supporting shaft 32 as the center of rotation. This allows
for smooth rotation of the lens holder 33. ,

The lens holder 33 of the present embodiment is arranged so
that the raising mirror 24 is arranged side-by;side relative fo
the focusing coil and below the flange 102.

The focusing coil 34_is wound about the outer periphery of
the cylindrical portion 101b separately from the tr;cking coils
35a, 35b and is mounted in proximity to the peripheral surface
of the suﬁporting shaft 32. That is, the focusing coil 34 is
formed by electrically conductive wires wound to a small diameter

in the horizontal direction to a compact size. Conversely, the

focusing coil 36 and the magnet 37 are arranged in proximity to



The tracking magnets 39 are constructed to opposite polarities in the
1eft-and-right direction fromthe axial center of the length of the
supporting shaft 32. For exanple, nagnetic poles of the tracking nmagnets 39
are arranged as an S-pole 39a and an N-pole 39b clockwi se relative to the
supporting shaft 32. Each of the tracking coils 35a, 35b has a wi nding
portion extending parallel to the axis of the supporting shaft 32. On both
|-at eral, sides 102a, 102b of the wi nding portion are nounted magnetic
menbers, such as iron pieces 40, 41 for,extending along the axis of the
supporting shaft 32 (the direction along the boundary of magnetized areas
of the tracking nagnets 39) Thi s attracts the iron pieces 40 or 41 for

facing a b ndar are fad h a, .39b_ of the t ckln
magnet 39 %g‘r t"ﬁe ﬁ%hg é h183§ E‘t‘l‘()){aeas 1§1 st CReut 1l m% pOSeIgtIOI’l

in which th@dtlbéatuoluve%uest@@&nﬁﬁa eflAFSHTE Qe Bi’ﬂe&thl&rd cghueedh
between the collimator |lens 25 and the signal recording surface of the

‘optical diskenBther into a second neutral point position in mhich the second
obj ective | ens ggb ? qgerted |nt€ g qﬁ The eral es 102a,
102b of the len BRErE a8ERF TN ?Q? §°§y 3w 83? ? Gtive
to the suppsyileiri®iedafd t8E, 18 ¥-laBal PEeHY aqkwgl&plflrsm?:éﬁe a3 12Bdntde iron
pi eces 40, 41 are arranged on the lateral sides 102a, 102b so as to be
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and an N-pole 39b clockwise relative to the supporting shaft 32.
- Each of the tracking coils 35a, 35b has a winding portion
extending parellel to the axis of the supporting shaft 32. On
both lateral sides 102a, 102b of the winding portion.are mounted
magnetic members, such as iron pieces 40, 41 for extending along
the axis of the supporting shaft 32 (the direction along the
boundary of magnetized areas of the tracking magnets 39). This
attracts thé iron pieces 40 or 41 for facing a boundary area 38c,
of the two poles 39a, 39b of the tracking ﬁagnet 39 for moving
the lens holder 33 to a first neutral point position in which the
first objective lens 26a is inserted into the light path between
the collimator lens 25 and the signal recording surface of the
optical disc 11 or into a second neutral point position in which
the second objective lens 26b is inserted into the light path.
The lateral sides 102a, 102b of the lens holder 33 are
arranged so as tb be symmetrical relative to the supporting shaft
32, while the tracking coils 35a, 35b and the iron pieces 40, 41

are arranged on the 1lateral sides 102a, 102b so0 as to be



sem conductor | aser device 21 and the signal recording surface of the
'optical disc 11. The size and/or shape of the iron pieces 40, 41 can be
optionally changed for varying the force of attraction by the tracking
magnet 39 for appropriately setting the first-order resonant frequency
[err] of the biaxial actuator 30. The lens holder 33 is thrust against a
side of the supporting shaft 32, by the iron pieces 40, 41 being attracted
to the tracking magnets 39, 39, for dimnishing the wobbling otherw se
produced due to the gap between the Ieng%holder 33 and the supporting shaft
32. In Fig.7, the lens holder 33 is showh*to be at a position, internediate
bet ween t he first and second neutral point positions. If the objective |ens

26a is inserted into th o?tical ath, the jron E ece 41 faces the boundary
area 39c ofypﬁgtfbﬁf‘]mi'ﬁﬁ&f' PoI s th6aSUBREF Hine B %E\C%anist F&Bgf’ﬁg magnet s

39. At this tingy {he dRe QQh??&uEﬁiﬂ&i aknb b fddtavenebhidd 44 NlaeBOSI tioON
and, by the magnetic flux flowing as indicated by arrow, the | ens holder is

kept at tM&rﬁ|semeuweublnl1peante®o$ntoomheBwpahb@Mnmgthhéeaweenngheurrent

to flom1throuqh the tracking coils 35a, 35b in a direction,indicated by
arrow K or SRPIEPRAUFTOT r?aﬁlg' devige 21 anfgthe sigpplydecygdine 1288 about

the supportdegnshgiidd adsei pfli cated by arrows p and g in Fig.11, with the
first neutral point as reference, for noving the objective |lens 26a in the

The size and/or shape of the iron pieces 40, 41 can be
optionally changed for varying the force of attraction by the
tracking magnét 39 for apprbpriately setting the first-—-order
resonant frequency f, of the biaxial actuator 30.

The lens holder 33 is thrust against a side of the
supporting shaft 32, by the irop pieces 40, 41 being attiracted
to the tracking magnets 39, 39, for diminishing the wobbling
otherwise produced due to the gap between the lens holder 33 and
the supporting shaft 32.

In Fig.7, the lens holder 33 is shown to be at a position,
intermediate betﬁeen the first and second neutral point
positions.

If the objective lens 26a is inserted into the optical path,
the iron piece 41 faces the boﬁndary area 39c of the two magnet
poles 39a, 39b of the facing tracking magnets 39. At this time,
the lens holder 33 is at the first neutral point position and,
by the magnetic flux flowing as indicated by arrow, the lens
holder is kept at this first neutral point position. By allowing
the driving current to flow through the tracking coils 35a, 35b

in a direction indicated by arrow K or by arrow L in Fig.11, the



tracking direction which is in fact the tangential direction relative to
the rotation of the |lens holder 33, by way of performng the tracking. If
‘the current larger than the current for usual tracking servo flows in the
tracking coils 35a, 35b in a direction indicated by arrow L in Fig.11, the
magnetic field fromthe tracking magnets 39 acts strongly in the direction
of arrow p in Fig.11l, as shown in Fig.10, so that the tracking coils 35a,
35b are noved for facing the magnetic pole 39b. This causes the other iron
pi ece 40 to face the boundary area 39c of the nmagnetic poles 39a, 39b aof
the tracki ng magnets 39, as shown in kigg. 12, so that the lens holder 33 is
noved to the second neutral point position, and hence the objective |lens
26b is inserted into the optical path. Fig.13 shows, in a block view, the
confi gur at il6®sf doldent |3§I isoiyabbledi ebARhgthe GuBRPTHUE aBWfE. 3%.n ashi s
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f1rst sor he opti cal e second
sort. The pqamt edetre@ePbncd,/ fof mELINEEARd obljectavéli 5éndli 364 | 1A Naxid Ng
unit 63. The disc discrimnating unit 63 is connected to a neutral point
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circuit 62. Th neutral oi nt 19 S hi si gn out,putting unit,. 65 and
t he tracklng error é%hpb? n5°E? %gagrqugnne ?d ttggantb bﬁ%@@l%e | ens

driving unigebrmifg Qggeggddmangens driving unit 61 is a driver for

If the current larger than the current for usual tracking
servo flows in the tracking coils 35a, 35b in a direction
indicated by arrow L in Fig.11l, the magngtic field from the
tracking magnets 39 acts strongly in the direétion of arrow p in
Fig.11l, as shown in'Fig.lo, so that the tracking coils 35a, 35b
are moved for facing the magnetic pole 38b. This causes the other
iron piece 40 to face the boundary area 39c of the magnetic poles
39a, 39b of the tracking magnets 39, as shown in Fig,lz, so that
the lens holder 33 is moved to the second neutral point posiﬁion'
and hence the objective lens 26b is inserted into the optical
path.

' Fig.13 shows, in a block view, the configuration for neutral
point switching as described above. In this figure, a disc
discriminating unit 63 judges'whether the optical disc as set is
the optical disc of the first sort or the optical disc of the
second sort. The photodetector 27 is connected to a disc
discriminating unit 63. The disc discriminating unit 63 is
connected to a neutral point switching signal outputting unit 65

and to a tracking error computing circuit 62. The neutral point



driving the tracking coils 35a, 35b and are connected to these coils. The
tracking error conputing circuit 62 and the objective lens driving unit 61
are tracking servo circuits and are a portion of the servo circuit 19 of
Fig.1l. The disc discrimnating unit 63 acquires the |ID readout result of
the optical disc then set from for exanple, the photodetector 27, and
gives judgnent as to whether the disc is the optical disc of the first sort
or the optical disc of the second sort. Alternatively, the disc
discrimnating unit 63 acquires the'resgbt of detection fromthe

phot odet ect or 27 or ot her photodetectors; *not shown, based on the
difference in the anount of reercted | i ght due to the difference in the

b hi.ckne f. th ' di he d
Sort. o wSERTRE BuanrEoAREPSE i oSEE B canh el At I ket 1 or o
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result to the disc discrimnating unit 63. The disc discrimnating unit 63
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descri bed qggne the user may sel ect an 20 operator as the selectlng

unit 63. In such case, the user outputs the information on the sort of the
optical disc heTboe $hsckixe sgtrorocthputing rcdircpdt B2 smid chiengbseghiate

OUtDUttlng LEHJ §¥aV1ng unit 61 are tracking servo circuits and are a
portion of the servo circuit 19 of Fig.1.
~ The disc discriminating unit 63 acquires the ID readout
result of the Optical-disc then set from, for example, the
photodetector 27, and gives.judgment as ‘to whether the disc is
the optical disc of the first sort or the optical dis¢ of the
second sort. Alternatively, the disc discriminating unit 63
acquires the result of detection from the photodetector 27 or.
other photodetectors, not shown, based.on the difference in the
amount of reflected light due to the difference in the substrate
thickness of the optical disc as set for discriminating the disc
sort. The photodetector 27 also measures the number of
tracks for & pre-~set radial distance of the optibal disc as set
and eutputs the measured result to the disc discriminating unit
63; The disc discriminating unit 63 accordingly judges the disc
sort and outputs the result of discrimination to the neutral
point switching signal outputting unit 65.
Instead of automaticaliy discriminating the sort of the

optical disc as set, as described above, the user may select an
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The neutral point switching signal outputting unit 65 outputs a signal to
the objective lens driving unit 61 for sw tching between the objective

| enses 26a and 26b depending on the optical disc sort. The objective |ens
driving unit 61 inpresses a pre-set current or voltage to the tracking
coils 35a, 35b for switching the objective | enses as described above. The
current or voltage supplied to the tracking coils 35a, 35b is
pre-determi ned in association with the operation of transition between the

first state in which one of the obj eCti\\,’\%J enses 26a, 26b is at the neutral
poi nt position and the second state in ch the other objective lens is at
the neutral point position. The current or voltage is |larger than that

i mpressed, b he obj.ective |.e ivinag unit 61 across . the tragki coils
356, 35b. HEEIUEh TheTs.phireGPE, Bty 3 R fack sREET e Dt (RRRUPE 62
case of thend riackrmgt ivd ¥A ORCIsakt 065 .thEhepHALHY AisPOhdIlorSBhé Gllisngets done
by the fact that large current or voltage is applied to the tracking coils
35a, 35b sbottha nemérabjeeintyswidpbing siEnsd pytautbingeundtsblnce than the

t he tracki ng styoke for tracking sectvo.. The.result of discrimnpatipn of
the disc diser i{rﬂenaf'?'ﬂ) F&hi P°%%9i §¥3 ‘g%l%pFF'éaolyt Su?H‘éngrr%ﬁ:kV?ibt ekgor
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conmputing circuit 21 62 to select a detection nethod appropriate for a
parti cul ar septildalg Heteeerstdie abjectivediemgesr 268 ady?8b denémdimengnt o t he

optical digg st 5Y°R3% AdACKNg SLIOL NI, DY (L0S: 10 881t 61
impresses a pre—set current or voltage to the tracking coils 35a,
35b for switching the objective lenses as described above.

The current or voltaée'supplied to the tracking coils 35a,
35b is pre—-determined in association with the operation of
transitioﬁ between the first state in which one of the objective
lenses 26a, 26b is at the neutral point position and the second
state in which the other objective lens is at the neutral point
position. The current or volfage is larger than that impressed,
by the objective lens driving unit 61 across the tracking coils
35a, 351 baéed on the ouﬁput of the tracking error computing
circuit 62 in case of the tracking servo operations. Tﬁe neutral
point switching is dohe by the fact that large current or voltage
ié applied to the tfacking coils 35a, 35b so that the objective
lens is moved by a larger distance than the the tracking stroke
for tracking servo..

The result of discrimination of the disc discrimination unit
63 is also sqpplied to the tracking error computing cirguit 62.

- Thus it becomes possible for the tracking error computing circuit



- spot nmethod or a tracking error signal by the phase conparing nethod, and
‘to find one of the signals by processing operations to send the signal thus
found to the objective lens driving unit 61. The optical disc apparatus 10,

"havi ng assenbl ed therein the biaxial actuator of the present enbodi nent,
operates as follows: For reproducing the high-density optical disc having
the thickness of the transparent substrate of 0.6 nm (optical disc of the
second sort), the lens holder 33 is at the first neutral point position, as
shown in Fig.2, while the objective lensy26a is inserted into the optical
path and the iron piece 41 nounted on the*lens hol der 33 faces the boundary
area 39c of the tracking magnets 39. The spindle nDtor 12 of the optical
di sc appar IS run in.ro at on for, rotationa dr|v g t he .opti cal

di sc 11. Th@ Otiﬁl ediecsi 8kdi§t§6 ren rfB?/telb"dalacﬁPdeﬁéa BT 28 BEBHFUWARE radi us

of the optig@licdi Sfistl blcR £l I£GraeR1AS émrcaagﬁabycoa{fbewls‘gltrb king. 2 to
an accessing position in which the optical axis of the objective | ens 26a

reaches thepddsat edisier aokt pasichi am rirehkinptercar sigmlldy thetterepresent
enbodi nent,_since %hg objectlve l ens 26b of the sw@ | er dlaneter nmong t he
obj ective |Ptedesfgd oppe| kracking errop sheRgl, ¥ he, PN28Rt SPMRATING at i on

of the optifdholl Stna 4CH 17l SEnHQRS tRGL s PEAUE b9 PEoéBsIE?in%nSBeI-Qt {dhe
spindle notor 12 so that the objective lens 26a is al to be noved to a

position to send the signal thus found to the objective lens driving unit

81.

The optical disc apparatus 10, having assembled therein the
biaxial actuator of the present embodiment, operates as follows:

For reproducing the high-density optical disc having the
thickness of the transparent substrate of 0.6 mm (optical disc
of the second sort), the lens holder 33 is at the first neutral
point position, as shown in Fig.2, while the objective lens 26a
is inserted into the optical path and the iron piece 41 mounted
on the lens holder 33 faces the boundary area 39c of the,
tracking magnets 39.

- The spindle motof 12 of the optical disc apparatus 10 is run
in rotation for rotationally driving the optical disc 11. The
optical pickup 20 is moved along the guide 28 along the radius
of the optical disc 11 in a direction as indicated.by arrow C in
Fig.2 to an accessing position in which the optical axis of the
objective léns 26a geaches the desired track position on the
optical disc 11.

In the present emboqiment, since the objective 1eﬁs 26b of

the smaller diameter among the objective lenses 26a, 26b is



near the center of the optical disc 11. I1n this state, the Iight beamfrom
'the sem conductor |aser device 21 is split into three beans by the grating
22 in the optical pickup 20 and reflected by the reflecting surface 23a of
the beamsplitter 23 and by the raising mrror 24 to the optical disc 11.
The Iight beamis further converted by the collimator lens 25 into a
collimated |ight beamwhich then fornms an i mage via objective | ens 26a on
the signal recording surface of the optical disc 11. By the objective |ens
26a, the nunerical aperture NA.is set b® an appropriate value for the

hi gh-density optical disc, such as NA = 0.6, so that the inmage of the |ight
beamis correctly, forned on the signal recording surface of the optical
disc 11. The return light fromthe optical disc 11 is transmtted via the
obj ective PERanETh tovards flcorentafs ofsratrt ioneof athg ggtiret diisz4 twitbugh

t he beam spliitter 23 8 ' t he.ph d r Thy s..enabl es
t he. recor d{&ﬁgsgs:aaﬁgl !slagfg!f%v[ep %%t Fggﬁ?%?%énc 1tf809%g ?‘%‘3‘%1 uf:néczlogais%dsoon t he
det ecti on zhgbathéfobijeet photieiet 264 ais A1lowed ot be Aet&aLiticor pbghtlod rom

t he photodetector 27, the tracking error signal and the focusing error
signal arengerethedeentameisthnaPtiral #i6f 15, whereby the servo circuit

19 servo- 23, Coyols the v g CULLENt §,0 f1e LOFUSINA i | 34, and
t he tracking coif Vi a optlcé? diSs'c §r|V|ng contr orTer Wéﬁit? i S enabl es
the drivi ngiefiiicee®1 fi@r dp18tf QeS| BEr68i bealfk vy Rhe grating 22 in the
optical pickup 20 aﬁd reflected by the reflecting surface 23a of
the beam splitter 23 and by the raising mirror 24 to the optical
disc 11. The light beam is further converted by the collimator
lens 25 into a collimated light beam which then forms an image
via objective lens 26a on the signal recording surface of the
optical disc 11.
By the objective lens 26a, the numerical aperture NA is set
to an appropfiate value for the high-density optical disc, such
as NA = 0.6, so that the image of the light.beam is correctly
formed on the signal recording surface of the optical disc 11.
The return light from the optical disc 11 is transmitted via
the objective lens 26a, collimator lens 25 and the raising mirror
24 through the beam splitter 23 to form an i@age on the
photodetector 27. This enables the recording signals of the
optical disc 11 to be reproduced based on the detection signal
of the photodetector 27.
From the detection signél from the.photodetector 27, the

tracking error éignal and the focusing error signal are detected

by the signal modulatof 15, whereby the servo.circuit 19 servo-



controlled so that the current flowng in the focusing coil 34 coacts with
the magnetic field produced by the focusing nagnet 37 and the focusing yoke
36 foor nmoving the I ens holder 33 along the supporting shaft 32 in a
controll ed manner by way of perform ng focusing. On the other hand, the
driving current flowng in a controlled nmanner in the tracking coils 35a,
35b in the direction of arrows Kand L in Fig.1l1l coacts with the magnetic
field produced by the tracking magnet 39 and the tracking yoke 38 for
adjusting the wobbling of the I ens holder 33 about the supporting shaft 32
with the first neutral point position a&3teference for adjusting novenent

of the objective lens 26a in the tracking, direction by way of perform ng

tracki ng. FEgqr oduci pg. l_.optic di Vj t.he t hi gk s of
ha t 1 ans paatrBRE DEHE | RE1§ 1 UgHTnRD LpORho T8EuCthE b LIS 4 B REES O\
| ar ge curr efackiingOkbagess sviddmazad acsoSsriving caakraglewilss Inas 35b so

that the objective lens is noved a distance |arger than the tracking stroke
for tracki rRpeddedo tihe tdrdvdneesursent ndpratbe Bpcupingy eoih # gtelPbenher eby

the | ens hol der LS rotat.ed,about the supporting.shaft 32 unti,l e ot her
I ron piece Koy fﬁgzgatﬁ% t'bho'aLutn g?ycgtr'lé%n%géc’g'?nﬁ he® ?trhfc%ioﬁb’sé%ﬂc%‘d, tags

described abxicts With tR&dagetioVei®Id roduceddpy Nend eR2ubhgaladnatt he
second neutral point position for inserting the objective |ens 26b into the
optical pat¥l andetkptficeaisidgsyoked Ife fpeprovingedheslens drildenad2ripne

the supporting shaft 32 in a controlled manner by way of
performing focusing.

On the other hand, the driving current flowing in a
controlled manner in the tracking éoils 35a, 35b in the direction
of arrows K and L in Fig.1ll coacts with the magnetic fie;d
produced by the tracking magnet 39 and the tracking yoke 38 for
adjusting the wobbling of the lens holder'33 about the supporting
shaft 32 with the first neutral point position as reference for
adjusting movement of the objective lens 26a in the tracking;
direction by way of performing tracking.

For reproducing the wusual optical disc having the
thickness of the transparent substrate of 1.2 mm (optical disc
of the second sort), the large current or voltage is impressed
across the tracking coils 35a, 35b so that the objeciive lens is
moved a distancé larger than the tracking stroke for'tracking
servo in the direction indicated by arrow L in Fig.l11, whereby
the lens holder 33 is rotated about the supporting shaft 32 until
the other iron piece 40 faces the boundary area 39c of the

tracking coil 39, as described above. This realizes movement of



readi ng out the optical disc ID or by detecting the volune of the reflected
‘light due to difference in substrate thickness in order to effect sw tching
of the objective |lenses. Obviously, the objective lens switching an al so be
done by manual |y actuating a switch. Simlarly, the spindle notor 12 of the
optical disc apparatus 10 is rotated for running the optical disc 11 in
rotation. The optical disc 20 is noved along the radius of the disc 11

al ong the guide 28 whereby the optical axis of the objective lens 26b is
noved up to the desired track on the optical disc 11 for accessing. In this
state, the light beamfromthe sem condygtor |aser 21 is split by the
grating 22 into three |ight beans before being reflected on the reflecting
surface 23a.of the beamsplitter 23 and then on the raising mrror_ 24
towards th&hgptien BeidenitoThih i gREOBRaMenérehe®odnt| iRRtiddoBy fate

collimated, | s L] ' b | C : f an inmage via
obj ective |1g§§§§%“gg (;%r@t %gjé{}gﬁ%{qrégcsgIréglbng%\r,@zfcgpg?gghe&%ﬁ'i cal disc 11.
Since the nunertrel oppeeblr dillA it Ské kgprbéuedi ecsi destensimed m@an

appropriate value of, for exanple, NA = 0.45, so that the |ight beam forns
an i mge céepetns ;P‘ﬁnt’c’ﬁé%tilgggl dise JPIPRGPE fletaebing thRevelme aF thec 11.

25 one, 1 HeRbA gl AP A OPHLER o bl AL NGRS P S,
beam spl ittty 8rddx f&F1BcNIingMRFE the objective lenses. Obviously, the
objective lens switching.an also be done by manuaily actuating
a switch.

.Similarly, the spindle motor 12 of the optical disc
apparatus 10 is rotated for running the optical dise 11 in
rotation. The optical disc 20 is moved along the radius of the

disc 11 along the guide 28 whereby the optical axis of the
objective lens 26b is moved up to the desired track on the
optical disc 11 for accessing.

In this state, the light beam from the semiconductor laser,
21 is split by the grating 22 into three light beams before being
reflected on the reflecting surface 23a of the beam splitter 23
and then on the raising mirror 24 towards the optical disc 11.
The Iight beam is then collimated by the collimated lens into ;'
collimated light beam which then forms aﬂ image via objective
lens 26b on the signel recording surface of the optical disc 11.

Since the numerical aperture NA is set by the objective lens
26b to an appropriate value of, for example, NA = 0.45, so that
the light beam forms an image correctly on the signal recording

surface of the optical disc 11.



on the photodetector 27. This reproduces the recorded signal on the optical
'disc 11 depending on the detection signal of the photodetector 27. At this
time, the tracking error signal and the focusing error signal are detected
fromthe detection signal fromthe photodetector 27 by the signal
denodul at or 15 whereby the servo circuit 19 servo-controls the driving
current to the focusing coil 34 and the tracking coil 35b. By controlling
the.driving current to the focusing coil 34, the current flow ng through
the focusing coil 34 co-acts with the magnetic field produced by the
focusi ng magnet 37 and the focusing yokd 86 for adjusting novenent of the

| ens hol der 33 along the supporting shaft 32 in, the focusing direction by

way of perform ngef Ofarsiryg. 1E8ht herehhegndabgtiddie auseents f oW L iRy
controlling the driving current of the tracking coils 35a, 35b in the
direction itRAnSmistiedy vipr ohJeptive Nepp 26§, 1Zzoddimetar wilenst B8 magnetic

field produced.by the tragckj t 39 and . the tr I n oke 38 for

adi st ng. t1Ha 2486 T Gro Ao PRI ahe REtfd S3tabofl e ot lotdr (14 shat
45, with then 3HeOPRbIHAtedboPORIN! THASI LePFodiiced tREEFEIHIRedf BigAdl Wil i Ng
novenent of the objective lens 26a in the tracking direction, which is in

fact the tavkeremptdicadi ddsci dA, depenpgindforpeifeprdeitegtienciisnal of XAdhewhen
again nnvirg&éhe ken? hq% er 33 fromthe second neutral point position to
the first nERAYHeLSSFAT 4osition, the current or voltage val ue i npressed

across the trackigng Qi |t§m§,5a:tﬁ§5pr&cﬁ{ing error signal and the focusing
error signal are detected from the detection signal from the
photodetector 27 by the signal demodulator 15 whereby the servo
circuit 19 servo—controls the driving current to the focusing
coil 34 and the tracking coil 35b. By controlling the driving
current to the foéusing coil 34, the cﬁrrént flowing through the
focusing coil 34 co—acts with the magnetic field produced by the
focusing magnei 37 and the focusing yoke 36 for adjusting
movement of the.lens holder 33 along the supporting shaft 32 in,
the focusing direction by way of performing focusing. On the
othér hénd, the current flowing by controlling the driving
current of the tracking coils 35a, 35b in the direction indicated
by afrows M and N in Fig.12 co-acts with the magnetic field
produced by the tracking magnet 39 and the tracking yoke 38 for
| adjusting the oscillation of the lens holder 33 about the:
supporting shaft 45, with the second neutral point position as
a reference, for adjusting movement of the objective lens 26a in
.the tracking direction, which is in fact the tangential

direction, by way of péfforming tracking.



set in the direction of arrowmin Fig.12 so that the | ens holder is noved
-a distance |arger than the tracking stroke for tracking servo. This causes
the current flowing in the tracking coils 35a, 35b to act strongly on the
magnetic field produced by the tracking magnet 39 and the tracki ng yoke 38
so that the lens holder 33 is rotated about the supporting shaft 32 and
hence the iron piece 41 nounted on the | ens holder 33 faces the boundary
area 39c of the tracking coil 39. This noves the I ens holder to the first
neutral- point position for inserting tg% objective lens 26a into the
optical path. In the above-described e 8dinent, the | ens hol der of the

bi axi al actuator is wobbl ed about the supporting shaft for, inserting one
of the objective lenses into the optical path so that the objective |ens
correspondi ng twhenhegept imoalingi the tlenbehaisied BYrinoapthelrscond neutredd.

Since this enables the Iight beamfromthe light source to _pe forne
correct 'y BRimhosighop ?%%’Fdifﬁgs’éu’i‘?‘é%’?eiofmgﬂé %%%t&zgf"dit’gg SR

via 5bjective
lens, the B?t\%ﬁalg]egb%ltjé Q%Eggséd QRabsk ey drRek She fana soBshhesmptiiscal

disc is incident on the photodetector for realizing optinmm signal
reproducti @etoin tthe pitectiiosoof sargfowt eimRiigcadl =0 ddwt the dbdist hokdessi nce
the operation of inserting the objective |enses.into tQ&iﬁpg'

realized by-stRevetbispAistenae dasser an the HECHPEBHIR Is g!b%lg?’%%hgl )
shaft, DFO%%gsg. b%itsh‘éa&é)ésa%laoﬁhﬁfentth@1&&?:?&“1991;&@dﬁcﬁiﬂg | 440854 he | ens
hol der with the stationary tracking magnet, objective |lens sw tching
appropri at@ssp te act strongly on the magnetic field produced by the
tracking magnet 39 and the traéking yoke 38 so that the lens
holder 33 is rotated about the supporfing shaft 32 and hence the
iron piece 41 mounted on the lens holder 33 faces the boundary
area 39c of the tracking coil 39. This moves the lens holder to
the first neutrai point position for inserting the objective lens
26a into the optical path.
| In the above-described embodiment, the lens holder of the
biaxial gctuator is wobbled aboﬁt the supporting shaft for,
inserting one of the objective lenses into the optical path so
that the objective lens corresponding to thé optical disc to be
used forlreproduction is used. Since this enables the light beam
from the light source to bé formed correctly on the signal
recording surface of the optical disc via objectivg lens, the
return light from the signal recording surface of the optical
disc is incident on the phétodetector for realizing optimum
signal reproduction of the plural sorts of the optical discs.

In addition, since the operation of inserting the objective

lenses into the optical path is realized by the wobbling of the



for the optical disc being reproduced may be realized by a sinplified
structure and at a |low cost. Also, since the | ens holder 33 of the
above-descri bed enbodi nent of the optical pickup device is constructed so
that the raising mrror 24 is arrayed side-by-side relative to the focusing
coil and below the flange 102, the pickup device itself nmay be reduced in

t hi ckness. In the above- descri bed enbodi nents of the optical disc
apparatus 10 and the biaxial actuator 30, the magnetic poles 39a, 39b of

t he 'tracki ng magnet 39 are set to S and Qz-respectively. However, this pole
arrangenment may al so be reversed, in which case the current flowing in the
tracking coils 35a, 35b may be reversed in direction for effecting tracking

of the lens holder 33 to the first or second neutral point position.
Mor eover, i henshdoider abguschhe syreetioderehett OPrPﬁ'éc?fgtbP’c&he dics@chpar at us

10 and the bjagigl (QELYALET cd01e | B0 AU Id el ENPESs 28014200 AP 1R 0 DY

the I ens holder. However, al so possi ble to provi ree or nore

obj ecti ve | gfgtSondhy Ctratkinhemdsetie@ Gt bDRICE ivBSEEiL@wiiBERiAd apdrbbBRbtPat h
based on the interaction between the tracking coil 35 and the tracking
magnet 39. for2ghgyaptical disfEpPeing jreproduced [Jagxiha BRalidesdr by a

ComPrLeLnS: bR MREIL MO B e Pl o ot anoles

Also, since the lens ho;der 33 of the above—described
embodiment of the optical pickup device is constructed so. fthat
the raising mirror 24 is arrayed side-by-side relative to the

' focusing coil and below the flange 102, the pickup device itself
‘may be reduced in thickness.

In the above—-described embodiments of the optical disc
apparatus 10 and the biaxial actuator 30, the magnetic poles 39a,
39b of the tracking magnet 39 are set to 8 and N, respectively.
However, this pole arrangement may_also be reversed, in which
case the current flowing in the'fraCRing coils 35a, 35b may be,
reversed in direction for effécting tracking of the lens holder
33 to tpe first or second neutral boint positibn.

Moreover, in the above—described embodiments of thé opfical
disc apparatusllo and the biaxial actuator 30, the objective
lenses 26a, 26b are held by the lens holder. However, it is also
possible to provide three or moré objective lenses which may be
selectively inserted into the optical path based on the

interaction between the tracking coil 35 and the tracking magnet

39.



a lens hol der supported for sliding along and for rotation about said
'supporting shaft; a plurality of objective | enses provided on sai d | ens
hol der; a focusing coil mounted on said | ens hol der for dr|V|ng said | ens
hol der in the focusing direction; a tracking coil nounted on'said |ens

hol der for driving the |ens holder in the tracklng L on; and magnetism
generating neans provi ded on said base plate, said netism tlng
neans being arranged for facing said focu3|ng coi | cklng COI

2. ' The bi axi al actuator as cl ai ”%18 in claim WQIWI

pair of objective |enses having differ val ues of thé nu erture

are nounted on said |l ens hol der, said objective |l enses are arrangéd at
di fferent angular ositions on a concentric circle relative to said
suppor t i ngWEABF 1S INEBr E¥h the objective lenses are selectively arrayed

in an optigal path of t0¢.|a58udtic3 bomPrising: I1N€ biaxial actuator as
clained in ¢laimi whérein saldlnagne |sn1generat|ng means include a first

magnhet arrayed 4 aippgrt g fshadsi peovidied ande dasecpldtaragnet ght raygicksf aci ng

t he tracking 29 coil. 4. The bi axial actuator as clainmed in claim
3 wherein ¥ath #ehiEntdl AEFORALNEISUTELSP Pl MARPECIBENBIDEIS in the

vicinity of saig {gackingefoldpdcdieletEs A idiagt §loRY S0l @o%eggegtfsqpnet

about said supporting shaft;

a plurality of objective lenses provided on said lens
holder;

a focusing coil mounted on said lens holder for driving said
lens holder in the focusing direction;

a tracking coil mounted on said lens holder for driving the
lens holder in the tracking directioﬁ; and

magnetism generating means provided on said base plate; said
magnetism generating means bYeing arranged for facing said
focusing coil and said tracking coil. ,
2.' The biaxial actuator as claimed in claim 1 wherein at
least a éair of objective lenqes having different values of the
numerical aperture are mounted on said lens holder, said
objective lenses are arranged at different angular positions on
a concentric circle relative to said supporting shaft and wherein
the objective lenses are selectively arrayed in an optical path
of the laser light.
3. The biaxial actuator as claimed in claim 1 wherein said

magnetism generating means include a first magnet arrayed facing

the focusing coil and a second magnet arrayed facing the tracking



5. The bi axial actuator as clained in claim3 wherein there are
provided a plurality of neutral positions relative to the rotating
direction of the lens holder in association with the operative positions in
whi ch the objective |l enses are inserted into the optical path, the neutral

positions of the |l ens holder are sw tched by theWe
tracking coil and the second magnet, and wherein Il obj ective [énses are
adapted.for being selectively inserted into the Wﬁl/ IHI faat e | ens
hol der. 6. The bi axial actuator agsgclainmed s Mg i ’mg”el n the
second magnet is arrayed facing the tracki*ng coil and magnttized, to
alternate S and N poles. 7. The biaxial actuator as clained in claim
1 wherein t«ﬂﬁll ens hol der has a flange portion and a cylindrical surface
for mounting the focusing coil, said flange portion having an upper surface
for nmoundi ng sai d olhechiassidicactsetvidas thditled ifi Wfad@mesfwer®@ungdiny said

tracking coil. 8. A biaxial actuator conprising: a supporting shaft
provi ded onlepshhatden hes at I€aght tundlegnehie lnepbsrgnie Yhe yigiingts e ace of

a recordin L a_lens .hql der suppqrt for. slidisn | ong sai
supporti nggsm SKAFER ARG 531 ?ng%'?lon aqgﬁgggﬁgdbiusﬁggr ?%%mgﬁnaaﬁ‘?géai d I ens

hol der havigig a first TRerbidpidndidaktde aeceldimg nedididiand adapéad for
arraying a plurality of objective | enses, a second portion for nounting a
f ocusi ng cothersndre piividegopt Purgldtynofinnéwkral poadkions cwilative to

the rotating direction of the lens holder in association with the
operative positions in which the objective lenses are inserted
into the optical path, the neutral positions of the lens holder
are switched b& the interaction of the tracking'coil #nd the
second magnet, and wherein said objective lenses are adapted for
being selectively inserted into the optical path. of the lens
holder.
6. The biaxial actuator as claimed in claim 3 wherein the
second magnet is arrayed facing the tracking coil and magnetizedl
to alternate S and N poles.
7. The biaxial actuator as claimed in claim 1 wherein the
lens holder has & flange portion and a c&lindrieal surface for
mounting the-focusing coil, said flange portion having an upper
surface for mounding said objective lenses and a latéral surface
for mounting_said tracking coil.
8. A biaxial actuator éomprising:

a supporting shaft provided on a base plate at right angles
with a signal recording surface of a recording medium;

a lens holder supported for sliding along said supporting



a plurality of said objective | enses nounted on said first portion at the
'sane di stance from said supporting shaft; said focusing coil nounted on
said second portion of the | ens hol der f or driving the |l ens holder in the

focusing direction; sai.d tracking-coil nount ewml on of the
| ens hol der for dI’IVI ng the lens holder in thé tracking dlrectlﬂn; a first

magnet nounted on said base plate for facing saj m&“ﬁt“(\‘ and a
second magnet mounted on said base plate for fa& ‘\ m g coil;
sai d objective | enses arranged on said kgns hol ei hg 'édapt ed for bei ng

alternatively inserted in the optical path of a Iaser beam 9. The
bi axi al actuator as clainmed in claim8 wherein said | ens hol.der nounts at

| east a paisrhagg gR&eféll V%Itaqnggs P g ;dl LL a{inéiaH‘lg? ¢ of the nunerical

aperture, sald objective |enses el ng arrange erent angul ar
positi ons on a eabdEerdnsi Bolddr maving o ifiest pddiidn StgiMgt thg reatling 31
10. The biaxial actuator as clained in claim8 wherein said | ens

hol der has Rfdimmaand agePhagntar erﬁem & PhuREld by Eﬁn?'?@ﬁ‘iﬁi‘@ailﬂnﬁ?%lcki ng

cot| for bejng ahsrached by, sqld,9erond sRalsly clhi and o TP

act uat or as Clalne Pa I'm ere gnet ayeg ?a0|ng
the tracki ngor Gicundflg N@A¥eldKAG coil;

a plurality of said objective lenses mounted on said first
portion at the same distance froﬁ s#id supporting shaft;
said focusing coil mounted on said second portion of the
lens holder for driving the 1lens holder in the focusing
directiong
said tracking coil mounted on said third portion of the
lens holder for driving the 1lens holder in the tracking

direction;

a first magnet-mbunted on said base plate for facing said

focusing coil; and

a second magnet mounted on said base plate for facing said
tracking coil; . |

said objective lenses arranged on said lens holder being
adapted for being alternatively inserted in the optical path of
a laser beam.
9. : The biaxial actuator as claimed in'claim 8 wherein said
.lens holder mounfs at least a pair of objective lenses having
different values of the numerical apertufe, said objective lenses
"being arranged at different angular positions on a concentric

circle relative to said supporting shaft



to alternate S and N poles. 12. ~ The biaxial actuator as clainmed in
claim8 wherein there are provided a plurality of neutral positions al ong
the rotating direction of the | ens holder in association with the operative

positions in which the objective | enses are i nsW{;al “pat h,
and wherein the neutral positions of the |lens holder are sw tched—by the

i nteraction of the tracking coil and the second @Iﬂﬁmﬂm The

bi axi al actuator as clained in claim8 wherein -t ; ﬂ’,’i@”{a magnetic
piece in the vicinity of the tracking coil nmounted on sai d | ensatol der,
said magnet is divided by a dividing li r?el'par allel to said supporting shaft
for being magnet-ized to alternate S and N pol es and wherein the | ens hol der
is held about a position in which the magnetic_ piece faces the _division

line of thel®%econd TRfyhdpxial asttator pe claimedrjn gladpff Whergdporais
claimed in gl BbSadinHadl By Sildbe! 05 AMdEho ik 5! 30 0EPYiiARLPNGl @
cylindrical portion, sald flange portion having a first portion for

nount i ng sasdlidbjracking ¢eils fardbaihdigit naetedoby esdiendengnpaisdredl. t o0 t he
optical axis of the objective | ens and ada?t ed for nmounting said trackin

32 coil, sattr cylin8p? iaXdslt PEHUARA B SladRUhdHELROR & dtharsdRt FRY said
focusi ng coLdsorlPpagnet s arfly P EhE g @J.%?t?@&?{nagt 'f:%i];]:)%ﬁd rﬁ%ﬁggkgg‘?and/or

reproduci ng an optica I'sC conprising: driving neans rotationally
driving thetopilitedinadess;and N poles.
12. The 5iaxia1'actuator as claimed in claim 8 wherein there

aré provided a plurality of-neutrgl positions along the rotating
direction of the lens holder in association with the operative
positions in which the objective lenses are inserted into the
optical path, and wherein the neutral positions of the lens
holder are switched by the interaction of the tracking coil and
the second magnet.

13. The biaxial actuator as claimed in claim 8 wherein
there is provided a magnetic piece in the vicinity of the,
tracking coil mounted on said lens holder, said magnet is divided
by a dividing line parallel to said supporting shaft for being
magnetized to alternate S and N poles ﬁnd wherein the lens holder
is held about a position in which the magnetic piece faces the
division line of the second magnet as center.

14, The biaxial actuator as claimed in claim 8 wherein said
lens holder has a flange portion and a cylindrical.portion, said
flange portion having_a first poriion for mounting said objective
lens and a third portion extending parallel to the optical axis

of the objective lens and adapted for mounting said tracking

R
e



a light source for radiating laser light; an objective Iens for radiating
-the laser light radiated by said light source to said optical disc; a
bi axi al actuator for novably supporting said objective lens in the focusing

direction and in the tracking direction; photodetector neans for detecting

the return laser light-radiated on and reflected fromthe ' '
servo means for noving the objective | ens supported by thef'l,mmm“mmm“m
in the focusing direction and in the tracking directi-on baséd bna * s =
detection signal fromsaid photodetectgr, nmeans; and noving nmeans for
noving said biaxial actuator along the34 adius of the optical disc; -said

bi axi al actuator including; a supporting shaft provided on a base plate at

right angles ,wth a signal .recording,surf .of the lca ksc: | ens
hol der sypﬁB?p;dsﬁdF s ﬂd?ﬁﬁlﬁf%n °g§f nsﬁ%%é??iﬁg §§§§%§ahﬁq?§§ F%fation
about sai dpgURPAHd isadaSkattsime Rounal ity of objective | enses provided on

said | ens hol der; 33 a focusing coil nmounted on said | ens hol der for
driving saild.l ens hol dén iaptikelf ckigsi mprinedus dipr are¢erddngg a/ormpunt ed

dri vi ng Pt _ g ®efemmount
on said Tens hol def, J 90 SLLYLIP 413 L8B3 Dpldder T the focusing direction:

driving means for rotationally driving the optical disc;

a light source for radiating laser light;

-an objective iéns for radiating the laser light radiated by
said light source to said optical disé;

a biaxial actuator for movably supporting said objective
lens in the focusing direction and in the tracking direction;

photodetector means for detecting the return laser light
radiﬁted on and reflected from the optical disc;

servo means for moving the objective lens supported by the
biaxial actuator in the focusing direction and in the tracking
direction based on a détection signal from said photodetector
means; and

moviﬁg means for moving said biaxial actuator along the
radius of the optical disc;

said biaxial actuator including;

a supporting shaft provided on a base plate at right angles
with a signal récording surface of the optical disc;

a lens holder supported for sliding along said-suppérting
shaft and for rotation about said supporting shaft;

a plurality of objective lenses provided on said lens

holder;



magneti sm generating nmeans provi ded on said base plate for facing said

-focusing coil and said tracking coil; said objective |enses being
sel ectively noved in the optical path of laser light. 16. The opti cal
di sc apparatus as clained in claim15 wherein said | ens hold S at

| east a pair of objective | enses having different values of the n TV L “
aperture, said objective |lenses being arranged at different m@m‘\““\“‘ _
positions on a concentric circle relative to said supportir&i Tm s 7
The optical disc apparatus as clainmed igsclaim16, wherein ore 6f snal | er
dianeter of said pair of the objective Penses I's arrayed on said optical
disc driving neans. 1 The optical disc apparatus as clained in

8.
claim 15 wher el 52lgh JIPU0eL | MBaIEHSIdeld [BANRolESr Gkl Sl iHR0RELa arT ayed
facing said focusing coil and a second nmagnet arrayed facing said tracking

coil. 19. 1lens holdéReifpthe doctissfig apirrcttion;as claimed in claim 18 wherein
said |l ens holder has at |east two magnetic menbers in the vicinity of said
tracking coil fertreekirg fodlaBewtepyoR faf s devhdatdghefor driyingoihe

The Optlcak?géﬁﬁﬂ. Qagﬁtygifg%égsgh d in claim18 wherein the second magnet

Is arrayed Tacing the tracking colT and magneti zed to alternate S and N
pol es. 21. direction;lR@adopti cal disc apparatus as clainmed in claim18
wherein there are provided a plurality of neutral positions
magnetism generating means provided on said base plate for
facing said focusing coil and said tracking coil;
said objective lenses béing selectively moved in the optical
path of laser light.
16. The optical disc apparatus as claimed in claim 15 wherein
said lens holder mounts at least a pair of objective lenses
having different values of the numerical aperture, said 6bjective
lenses being arranged at different angular positions on a
‘concentric circle relative to said supporting shaft
17. The optical disc apparatus as claimed in claim 16
wherein one of smaller diameter of said pair of the objective
lenses is arrayed on said optical disc driving means.
18. The optical disc apparatus as claimed in claim 15
wherein said magnetism generating means has a first magnet
arrayed facing said focusing coil and a second maghet arrayed
facing said tracking coil.
19. The optical disc apparatus as claimed in claim 18
wherein said lens holder has at least two magnetic members in the
vicinity of said tracking coil for being attracted by said second

magnet.



relative to the rotating direction of the I ens holder in association with
-the operative positions in which the objective |lenses are_inserted into the
optical path, and wherein the neutral positions of the |ens hol der are

switched by the interaction of the tracking coil and the s ,
dependi ng on the objective | ens used. 22. The optlﬁm"mmmnﬁﬂ"”,m
apparatus as clainmed in claim18 wherein there is provided a rfagrtet kc pi ece
in the vicinity of the tracking coil nounted on said | ens hol der, said
magnet is divided by a dividing line pa%{al l el to said supporting shaft for
bei ng magnetized to alternate S and N pofes and wherein the | ens holder is
hel d about the position in which the magnetic piece faces the division
lines of the second net as cenfer. 23. The optj cal di par at us
as clai med??n claim %ﬁ%‘é‘?%’i% sé‘\tlﬁcl ERPARBF R 2 has %11"%dan131e °§3§§‘i g% and a
cylindricalndfiin Qe siofial hANO] REN A+ QY HAYhOhARNYPPLEcIME 3681 fadid
nmounting said objective lens and a | ateral surface extending parallel to

t he opti cahagnetiz¥d ttheadbpomdties/® edsNapeitemdapt ed for nounting said
tracking caoil, said cylindrical portion having a cylindrical. si.lr.fac1 for -
mounting s&td focusi nghRoPPtical fkisys) apparatus ag é)?ll%% h st %HPparat us as
claimed i Nyfedbfh13pbHbt IFE GABRIASANE H19¢RiTtabENGcURANE bOEitions
discrimnating the disc sorts for switching between the objective | enses
for sel ectiregathee olfjoectheve roeasing dicedépemdiofg Wre aldnscrholidest i ion

signal from said discrimnating neans. . , ) . )
.. association with the operative positions in which the objective

lenses are inserted into the optical path, -and wherein the
neutral positions of the len§ holder are switched by the
interaction of the tracking coil and the second magnet depending
on the objective lens used.

22. The optical disc apparatus as claimed in claim 18
wherein there is provided a magnetic piece in the vicinity of the
tracking coil mounted on said lens holder, said magnet is divided
by a dividing line parallel to said supporting shaft for being,
magnetizeq to alternate S and N poleé and wherein the lens holder
is held about the position in which the magnetic.piece faces the
division lines of the second magnet as center.

23. The optical disc apparatus as élaimed in claim 15
wherein said lens holder has a flange portion and a cylindrical
portion, said flange portion having an upper surface for mounting
said objective lens and a lateral surface extending parallel to
the optical axis of the objective lens and adapted for mounting
said tracking coil; said cylindrical portion having a cylindrical

surface for mounting said focusing coil.
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24. The optical disc apparatus as claimed in claim 15

further comprising discriminating means for discriminating the
disc sorts for switching between the objective lenses for

selecting the objective lens in use depending on a discrimination

signal from said discriminating means.



