CPT%CRLJLENS, AND OPTI CAL Pl CKUP AND OPTI CAL DI SC APPARATUS
USI NG SUCH LENS BACKGROUND OF THE | NVENTI ON The present

i nvention relates to an objective lens wused in an optical pickup for
recordi ng and/or reproducing signals of a mni disc (MD), magneto-optica
disc (M), conpact disc (CD), COD-ROMor the like (hereinafter referred to
as "optical disc"), and also to an optical pickup and an optical disc
apparatus equi pped wth such an objective |ens. According to the
rel ated art, an exenplary optical pickup designed for an optical disc has
the structure shown in_Fi t he Agtical pi ckup 1

conprises a sem conduc?%?lgq:‘gggrmﬁ'em Io%}r?&%br S@FEHP& B beam splitter
4, an objective lens 5 and an optical detector 6. The grating 3 is a
diffraction type whi ciPRFIGAHePISH ARPARMIVS USGNE SUEH BENSted fromthe
sem conductor |aser elenment 2 into a main beam of zeroth-order |ight and
side beans of plus and mnus first-order |ight. The beamsplitter 4
is so disposed that its reflecting surface has an .inclination of 45[err]
to the opti BACKGROGND 0K BEHANMENEIONe return [ight, which is
The present invention relates to an objective lens
used in an optical pickup for recording and/or
reproducing signals of a mini disc (MD), magneto-optical
disc (MO), compact disc (CD), CD-ROM or the like
(hereinafter referred to as "optical disc”), and also to
an optical pickup and an optical disc apparatus equipped
with such an objective lens.
According to the related art, an exemplary optical
pickup designed for an optical disc has the structure
shown in Fig. 6.
In Fig. 6, the optical pickup 1 comprises a
semiconductor laser element 2, a grating 3,fa beam
splitter 4, an objective.lens 5 and an optical detector 6.
The grating 3 is a diffraction type which divides
an incident light beam emitted from the séﬁiconduétor
laser element 2 into a main beam of zeroth;order light
and side beams of pzﬁs éné'miﬁus first-order light.
The beam splitter 4 is so disposed that its
reflecting surface has an inclination of 45° to the
optical axis, and separates the return light, which is
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obtained fromthe signal recording plane of the optical disc D, fromthe

| ight beamemtted fromthe sem conductor |aser elenent 2. Mre
specifically, the light beamemtted fromthe sem conductor |aser el enent
2 is reflected by the reflecting surface 4a of the beam splitter 4, while
the return light obtained fromthe optical disc Dis transmtted through
the beamsplitter 4. The objective lens 5 is convex and forns the
light beamreflected by the beamsplitter 4 into an inage on a desired
track on the signal recording plane of the optical disc D which is driven

to be rotated., Further the_ objective lens 5 is_supported by an shown
bi axi al acteRt¥tne .{fqmtqu) %ﬁﬂﬁ%ﬂ§§QQ?§%P§IP}aP§ %ifBE%sgﬂ c%frection
and a tracking direction. . . The optical detector 6 has a |ight
receiving pok$sdhv thFaeddis didid heany emitged e Whech is i nci dent

t hereon after transm ssion through the beam splitter 4. Accor di ng

to the optics¢minendirtonflaser shapeny @. désre i speridieadlnnhdhe ght beam
emtted fromthe sem conductor |aser elenent 2 is divided by the grating 3
into a nmai n hignt dehn vemiditeel fozoms thed seafitendbetog lasét eelauehy 2 he
reflecting surface 4a of the beam splitter 4, the beans are forned, via
t he objectives|snlected by the reflecting surfac@ 4a of the beam

splitter 4, while the return light obtained from the

optical disc D is transmitted through the beam splitter 4.

The objective lens 5 is convex and forms the light
beam reflected by the beam splitter 4 into an image on a
desired track on the signal recording plane of the
optical disc D which is driven to be rotated. Further the
objective lens 5 is supported by an unshown biaxial
actuator, i.e., to be movable biaxially in a focusing
direction and a tracking direction.

The optical detector 6 has a light receiving R

~ portion to receive the return light beam which is
incident thereon after transmission through the beam
splitter 4.

According to the optical pickup 1 of the structure
described above, the light beam emitted from the
semiconductor laser element 2 is divided by the grating 3
into a main beam and two side beams and, after being

reflected by the reflecting surface 4a of the beam

splitter 4, the beams are formed, via the objective lens



5, into an inage at a certain point on the signal recording plane of the
optical disc D. The return |ight beamreflected by the signal
recordi ng plane of the optical disc Dis incident on the beamsplitter 4
via the objective lens 5 again. Here, the return light beamis transmtted
t hrough the beam splitter 4 and then is incident on the |ight receiving
portion of the optical detector 6. Thereafter, the information
recorded on the signal recording plane of the optical disc Dis reproduced
on the basis of a detection signal outputted fromthe |ight receiving

portion of the gptical detector 5, and ., sinultaneously a focus error signal
FE and a tracki " CePRotPRIGnal FEC@FAHRIRRIMY On the sigpalaccurate
detection of the reproduced signal, the light beamemtted fromthe

seni conduct oFeFaseingepapatod thefephier} isa Dpot at a correct position
on the signal recording plane of the optical disc, and the objective |ens
5is finely noved Blhewrafwiovidhitapieam radfileated by theostemxke with the
focus error signal FE and the tracking error signal TE, so as to perform
exact reprotacbrdnngfplime reforldedsigrel .disec D isl inthdenpt ogathei ckup 1
of the above structure, the objective lens 5 is generally conposed of a
plastic or beam splitter 4 via the objective lens 5 again. Here, the

return light beam is transmitted through the beam

splitter 4 and then is incident on the light receiving

portion of the optical detector 6.

Thereafter, the information recorded on the signal

recording plane of the optical disc D is reproduced on

the basis of a detection signal outputted from the light

receiving portion of the optical detector 5, and

simultaneously a focus error signal FE and a tracking

error -signal TE are detected.

For accurate detection of the reproduced signal, ,

the light beam emitted from the semiconductor laser

element 2 is formed into a spot at a correct position on

the signal recording plane of the optical disc, and the

objective lens 5 is finely moved by an unshown biaxial

actuator in accordance with the focus error signal FE and

the tracking error signal TE, so as to perform exact

reproduction of the recorded signal.

In the optical pickup 1 of the above structure, the

objective lens 5 is generally composed of a plastic or



glass material and is shaped into a single optical Iens wth aspheri cal
surfaces. And, as shown in Figs. 7A and 7B, an iris diaphragm?7 is

di sposed adjacently to the objective lens 5 so as to regulate the NA
(nunmerical aperture) of the light beamirradiated onto the signal
recording plane of the optical disc D via the objective I|ens 5.

Fig. 7A shows an exenplary structure where an iris diaphragm?7 for
regulating the NA (nunerical aperture) of the |ight beam consists of an
i ndependent nenber separate fromthe objective lens 5 and is di sposed
adj acently to. the | i hows anot her. structure _where an

.5 Fl g
iris dlaphraéﬁﬁfs|§a$8%ﬁ§& gﬁ l%eﬁgaﬂﬁid%ﬁtQS%Mﬁ%ﬂg%ﬁ)QR$ 13 dfPScti ve

| ens 5. Conseq uentlg the |ight beamto be incident outside the
optical effe®iitdeaspheriea fSFﬁéa%%ﬁec#¥Vb Bén§hgwns inpBigFal 73 apder cept ed
by the iris diaphragm7 as illustrated in Figs. 7, whereby any unnecessary

partial |igAB:baamirisefiaphtaan 1oleadibeporartk atideantflyl to mheuence on
recording the information on or reproducing the sane fromthe optical
di sc. oHjeetave ienseStée asiso diephiagmthes Naw( numesdcal of Figs. 7A
and 7B is an i ndependent conponent nenber separate fromthe objective |ens
5, the total apemberepfof the light beam irradiated onto the signal

recording plane of the optical disc D via the objective

lens 5.

Fig. 7A shows an exemplary structure where an iris
diaphragm 7 for regqulating the NA (numerical aperture) of
the light beam consists of an independent member separate
from the objective lens 5 and is disposed adjacently to
the lens 5, and Fig. 7B shows another structure where an
iris diaphragm 7 is formed in a lens hoidér 8 which holds
an objective lens 5.

Consequently, the light beam to be incident outside
the optical effective surface of the objeétive lens 5 is
partially intercepted by the iris diaphragm 7 as
illustrated in Figs. 7, whereby any unnecessary partial
light beam is eliminated to cause none of harmful
influence on recording the information on or reproducing
the same from the optical disc.

However, since the iris diaphragm 7 shown in each

of Figs. 7A and 7B is an independent component member

separate from the objective lens 5, the total number of



requi red conponent nenbers is thereby increased, and in assenbling the
apparatus, a work of aligning its optical axis wth the objective lens 5
is needed to eventually bring about a problem of raising the costs of both
conponent nenbers and assenbly. And there exists another problem
that, when the iris diaphragm7 fails to be exactly aligned with the
objective lens 5 asymetry aberration is generated due to the surface
shape outside of the optical effective surface of the objective |ens 5.
There is proposed another known art wherein the surface shape of the
objective lens 5 on the light source side is nodified, as shown in Fig. 9,
i nst ead of usegRAredhCInHoNadita BlekeRS7 ifehhrERbY ABoVe2sathd 204 edkss 5a i s
formed outside the optical effective surface so as to give an iris

di aphr agm f uass émiril iny ttie cppectitus | enwosk pfsaligning its sepbieAhg to
this nmethod, the light beamto be incident outside the optical effective
surface is agisiabith it ddnjtecariviehd enscSsss5aeefled hko obyentuakly ens 5, so
that such |ight beamis prevented fromreaching the spot position on the
si gnal recorgiigy e of ditdleppoifcalaidiiag PheTbeses oo e, boegar di ng the

spot position on the signal recording plane of the optical disc D5 the
5 component members and assembly.

And there exists another problem that, when the
iris diaphragm 7 fails to.be exactly aligned with the
objective lens 5, asymmetry aberration is generated due
to the surface shape outside of the optical effective
surface of the objective lens 5.

There is proposed another known art wherein the
surface shape of the objective lens 5 on the light source
side is modified, as:shown in Fig. 9, instead of using
the iris diaphragm 7 mentioned above, and a recess 5a is
formed outside the optical effective surface so as to .
give an iris diaphraém function to the objective lens 5
itself.

According to this method, the light beam to be
incident outside the optical effective surface is
actually incident on the recess 5a of the objective lens
5, so that such light beam is prevented from reaching the
spot position on the signal recording plane of the
optical disc D. Therefore, regarding the spot position on

the signal recording plane of the optical disc D, the



partial |ight beamincident outside the optical effective surface is
intercepted to consequently achieve the sane function as the iris

di aphragm 7. However, in the objective lens 5 with such recess b5a,
it is difficult, when nolding the sane out of plastics or the like, to

mai ntai n an exact surface shape due to post-nolding contraction and so
forth if there is any sharp contour change such as a stepped region 5b
where the curved surface is rendered discontinuous inside the recess b5a.
For exanple, at a corner denoted by reference synbol Ain Fig. 9,
spherical aberration is enerated due to the distortion caused in the

mol di ng. prER%%&ﬁlrﬁ%ﬂﬁi gl Agcd densboarsiAgt thaeoppicahl efteriRa eristic
of the objective lens 5 is deteriorated. There is further proposed
anot her exanplefadfe Ag.inter@ephiesr dion comsegpenslyr aclibevedthe csamean opti cal
axis by a single objective lens 5, so as to reproduce signals froma
plurality offuuypttied ab shee dfrisutdialphyadmf ferent standards. However, in
execution of focusing control with such objective lens 5 that fornms two

spots, an S-signal HoGkevelte $A0thBObL|EctSEe NBORDS dLHeCisREnT e ekl Se
signal to eventually raise a problemthat two S-signals are generated.

For this reasppn, it tid Qicaizhder,edrhdnf hbgukhgt @hep§érﬁé’r6ﬁ@x&§t detection of
the focus error.
plastics or the like, to maintain an exact surface shape
due to post-molding contraction and so forth if there is
any sharp contour change such as a stepped region 5b
where the curved surface is rendered discontinuous inside
the recess 5a. For example, at a corner denoted by
reference symbocl A in Fig. 9, spherical aberration is
generated due to the distortion caused in the molding
process, hence raising a problem that the optical
characteristic of the objective lens 5 is deteriorated..
There is further proposed another example of Fig.,
10, wherein two spots are formed along an optical axis by
a single objective lens 5, so as to reproduce signals
from a plurality of optical discs of mutually different
standards. However, in execution of focusing control with
such oﬁjective lens 5 that forms two spots, an S-signal
of the spot not in use may be detected as a false signal
to eventually raise a problem that two S-signals are
generated. For this reason, it is considered difficult to

perform exact detection of the focus error.



SUMVARY OF THE | NVENTI ON It is therefore an object of the present
invention to provide an inproved optical Iens which is equipped wth the
function of an iris diaphragmand is capable of elimnating a parti al
incident |ight beamoutside the optical effective surface thereof w thout
deterioration of the optical performance. And anot her object of the
invention resides in providing an optical pickup and an optical disc
apparatus enploying such an optical |ens as an objective one.

According to an aspect of the present invention, there is provided an
optical |lens conposed of a transparent material, wherein one surface

t hereof on aSUMMARY SBufde ENVEBNTEOM convex aspherical surface of rotation
symmetry defined by a function relative to the . radial distance from an
optical axis. The abphis itdadrefsure ane obgjeshapédthe peeserntr inedemiton t hout
any stepped region with regard to the radial direction in the defined

area, and hagoappevidenanhefigréied dagd Mall iemsOtvhtied ikuaghiippeare
di sconti nuous at a predeternlned radi al position. Inthis optica

lens, the di{iencpre beh¥eedn tde aslefd Mald MEhrQ tlaﬁdf YeCEhALRE Lhe

predeternlned radial position is smaller than 0.3.

7 eliminating a partial incident light beam outside the
optical effective surface thereof without deterioration
of the optical performance.

And another object of the invention resides in
providing an optical pickup and an optical disc apparatus
employing such an optical lens as an objective one.

According to an aspect of the present invention,
there is provided an optical lens composed of a
transparent material, whereiﬁ one surface thereof on a
light source side is a convex asphericél surface of
rotation symmetry defined by a function relative to the »
radial distance from an optical axis. The aspherical
surface is shaped to be a curved one without any stepped
region with regard to the radial direction in the defined
area, and has a portion where the derivatives of the
function are discontinuous at a predetermined radial
position.

In this optical lens, the difference between the

derivatives of the function at the predetermined radial

position is smaller than 0.3.



Accordi ng to anot her aspect of the present invention, there is provided an
optical pickup which conprises a |light source for emtting a |light beam
an objective | ens consisting of the above-nentioned optical I|ens for
focusing the light beamemtted fromthe |ight source onto a signa
recording plane of an optical disc; a light split neans di sposed between
the light source and the objective lens; and an optical detector having a
light receiving portion to receive a return |ight beam split by the |ight
split nmeans and reflected fromthe signal recording plane of the optical

di sc. According to a further aspect of the present invention, there
is provided an optisetodiing appaaretizer WEpactc @fpitheePraaess) ective | ens
consisting of the above-nentioned optical |ens for focusing a |light beam
emtted fromiaviengibnsotheeeohsopaocsidadl aneopriialy pilcng wificin opti cal

di sc; an optical detection neans having a |ight receiving portion to

receive the rRmpirisksght 1hgat sbattacted émovtime &ilgrgit near;diang pl ane of
the optical disc; an objective lens drive neans capabl e of noving the

obj ective | eng,sRi-axiAal ﬁ.léhsacéﬁjsﬁgzilh?rofo’éht_@bé@éxfé-ﬂ&bxﬁ:io%ﬁd/@pﬂma.! in
response to thg signal fromthe [igh receiving portion of the optica

detection meanss 3¢ 2oci8iMg FRENEiGAE BUAR! NG dIE A heLiYhtSi gnal to
t he 8 obj ective | ens drive neans.

source onto a signal recording plane of an optical disc;
a light split means disposed between the light source and
the objective lens; and an optical detector having a
light receiving portion to receive a return light beam
split by the light split means and reflected from the
signal recording plane of the optical disc.

According to a further aspect of the present
invention, there is provided an optical disc apparatus
which compriseé an objective lens consisting of the
above-mentioned optical lens for focusing a light beam .
emitted from a light source onto a signal recording plane
of an optical disc; an optical detection means having a
light receiving portion to receive the return light beam
reflected from the signal recording plane of the optical
disc; an objective lens drive means capable of moving the
objective lens biaxially; a calculator for obtaining a
servo signal in response to the signal from the light
receiving portion of the optical detection means; and a

servo means for supplying the servo error signal to the



In this structure, when the light beamemtted from the light source is to
be incident on the |ight-source side surface of the |lens, the incident
light inside the predeterm ned radial position fromthe optical axis is
focused at a position of a fixed distance in the direction of the optical
axis, e.g., on the signal recording plane of the optical disc, in
accordance with the shape of the aspherical surface, thereby formng a
spot . Meanwhi |l e, the partial incident |ight outside the
predeterm ned radial position fromthe optical axis is not focused at the
position of the fixed distance in the direction of the optical axis, e.g.,
on the signalobjeey® A¢Ens dadvef meAdsepti cal disc, since the derivatives
are nmutual ly discontinuous with respect to the shape of the aspheri cal
surface and that of Inh&himnetrustmfecevhemdthd elisfidr deaare emittded ficbdent

i ght reaches the position slightly deviated fromthe fixed-di stance

posi tion towatkk thieght rseatricen igertpebei dncddeht dhethepligt-sotrce
Consequently, out of the entire light incident on the optical lens, the

partial incidgie |duadecadn etksidas,t RBepeatident of ighe LR el ned
radius fromthe optical 9 axi s on

the |ight-soyceistdigminied 2a@ikhs pekit9eHsedomt the NepPRsdL iR svhigr e the
i nner incident |ight beam i nside
focused at a position of a fixed distance in the
direction of the optical axis, e.g., on the signal
recording plane of the optical disc, in accordance with
the shape of the aspherical surface, thereby forming a
spot.

Meanwhile, the partial incident light outside the
predetermined radial position from the optical axis is
not focused at the position of the fixed distance in the
direction of the optical axis, e.g., on the signal
recording plane of the optical disc, since the ' R
derivatives are mutually discontinuous with respect to
the shape of the aspherical surface and that of the inner
surface, and therefore the outer incident light reaches
the position slightly deviated from the fixed-distance
position toward the direction perpendicular to the
optical axis.

Consequently, out of the entire light incident on
the optical lens, the partial incident light beam outside

the position of the predetermined radius from the optical



the predeterm ned radial position is focused, so that the surface portion
outside the predeterm ned radial position serves as an iris diaphragmin
conformty with the shape of the aspherical surface. Thus, the iris
di aphragm provi ded separately from the optical |lens heretofore is no

| onger necessary, hence reducing the costs of both conponent nenbers and
assenbly. Further, since the iris diaphragmfunction is attained due to
such shape of the aspherical surface, there exists none of sharp change in
the shape at the predeterm ned radial position. Accordingly, the
distortion caused in the process of nolding the optical lens is dimnished
to consequeridiys pnetrdet ldghe-sonateonidé stefagd i Lsalnotchoantest iadti cs of

t he | ens. The above and ot her features and advant ages of the
present inverhedposliltlioheanereapnar enhetr ontident ol 1g Neanfieigayiige i on
which will be given with reference to the illustrative acconpanying

draw ngs. AR B @E%@E%Eiﬁb@\'rﬁﬁlltl ?@Bﬂ!\lms focusé:d,g sol tHhata thenCk

di agram showi ng the entire configuration of an optical disc apparatus

where an di f. the
: urf ce ortion outside the'Predetermined r {?ﬁ%ﬁ poRN i
opti cal plckup of thE present |nvent|on18|s | ncorpor at e

serves as an iris diaphragm in conformity with the shape
of the aspherical surface.

Thus, the iris diaphragm provided separately from
the optical lens heretofore is no longer necessary, hence
reducing the costs of both component members and assembly.
Further, since the iris diaphragm function is attained
due to such shape of the aspherical surface, there exists
none of sharp change in the shape at the predetermined
radial position. Accordingly, the distortion caused in
the process of molding the optical lens is diminished to
consequently prevent deterioration of the optical ’
characteristics of the lens.

The above and other features and advantages of the
present invention will become apparent from the following
description which will be given with reference to the

illustrative accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram showing the entire

configuration of an optical disc apparatus where an

10



Fig. 2 is a plan view showi ng the structure of the optical pickup enployed
~in the optical disc apparatus of Fig. 1; Figs. 3A and 3B are
sectional views of an objective lens in the optical pickup of Fig. 2;

Fig. 4 is a partly enlarged sectional view showing in detail the

| i ght-source side shape of the objective lens in Figs. 3; Fig. 5
shows a focusing control signal in the present invention; Fig. 6 1is
a plan view showi ng an exenplary structure of a conventional optical

pi ckup; Figs. 7A and 7B are sectional-views show ng structural

exanpl es of an objective lens and an iris diaphragmin the optical pickup
of Fig. 6, embodiegt &fitshea gecicalngpickuwpvod the ppkiseat pavbentionned
froma light source by the objective lens and the iris diaphragmin Figs.

7; Fi gs §n¢§rpo§g@édpnal view showi ng a structural exanple of an
objectlve lens with an iris diaphragm function in the optical pickup of
Fig. 6; and Mgl 21GsSROWS a8 5@6%5559w992t£9é StBRGtuld &P the

11 exenp ary optlcal pi ckup according to the related art.

optical pickup employed in the optical disc apparatus of
Fig. 1;

Figs. 3A and 3B are sectional views of an objective
lens in the optical pickup of Fig. 2;

Fig. 4 is a partly enlarged sectional view showing
in detail the light-source side shape of the objective
lens in Figs. 3;

Fig. 5 shows a focusing control signal in the
present invention;

Fig. 6 is a pian view showing an exemplary
structure of a conventional optical pickup;

Figs. 7A and 7B are sectional views showing ,
structural examples of an objective lens and an iris
diaphragm in the optical pickup of Fig. 6;

Fig. 8 is a sectional view of an optical path
formed from a light source by the objective lens and the
iris diaphragm in Figs. 7;

Fig. 9 is a sectional view showing a structural
example of an objective lens with an iris diaphragm
function in the optical pickup of Fig. 6; and

Fig. 10 shows a focusing control signal in an

11



DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Herei nafter sone preferred
enbodi nents of the present invention will be described in detail with
reference to Figs. 1 to 5 of the acconpanyi ng draw ngs. Si nce the
enbodi ments descri bed bel ow are preferred concrete exanples of the present
i nvention, technically desirable various Iimtations are attached thereto.
However, it is to be understood that the scope of the present invention is
not limted nmerely to such enbodi nents al one unless any description of
limting the invention is specified in the follow ng explanation.

Fig. 1 is an overall block diagramshow ng the whole configuration of an
optical di scexemplatrysopietalapickupodeoending tdeclptiedaltaad aetp of the
present invention is incorporated. In Fig. 1, the optical disc
apparatus 10 conprises a spindle notor 12 serving as a drive nmeans to
rotate an optical disc 11, an optical pickup 20 for recording a signal on

a signhal rec f e rotation while
g g&;&@ﬁ &geﬁeoﬁ rhBepRPFERRED dEMSODEMENTS

irradiating eam thereto, and reproducing the record signal on the

basis of a return ?ro?gﬁﬁg% §§§§£E¥£{é¥yg Q&bghgﬂghtgeggrghgg pl ane, and

12 a con contr I'ng such conponent nenbers

of the appar%}usent invention will be descrlbed in detail with

reference to Figs. 1 to 5 of the accompanying drawings.

Since the embodiments described below are preferred
concrete examples of the present invention, technically
desirable various limitations are attached thereto.
However, it is to be understood that the scope of the
present invention is not limited merely to such
embodiments alone unless any description of limiting the
invention is specified in the following explanation.

Fig. 1 is an overall block diagram éhowing the
whole configuration of an optical disc apparatus where an
embodiment of the optical pickup of the present invention
is incorporated.

In Fig. 1, the optical disc apparatus 10 comprises
a spindle motor 12 serving as a drive means to rotate an
optical disc 11, an optical pickup 20 for recording a
signal on a signal recording plane of the optical disc 11
in rotation while irradiating a light beam thereto, and
reproducing the record signal on the basis of a return

light beam obtained from the signal recording plane, and

12



The control unit 13 conprises an optical disc drive controller 14, a
signal denodul ator 15, an error corrector 16, an interface 17, a head
access controller 18, and a servo circuit 19. The optical disc
drive controller 14 drives the spindle notor 12 under control to rotate
the sane at a predeterm ned rate. The signal denodul ator 15 denodul at es
the record signal obtained fromthe optical pickup 20 and, after error
correction thereof, sends the corrected signal to an external conputer or
the like via the interface 17, so that the external conputer or the |ike
can receive, as a reproduced signal, the signal recorded on the optical
disc 11. a conbeobeadiacressor adntatdldrink surhesotnpenepti nahbeps ckup 20
to a desired record track on the optical disc 11 by track junp or the like
for exanple.ofhgﬁetQ§p§g§y@g,circuit 19 shifts an objective lens, which is
being held by a biaxial actuator of the optical pickup 20 thus noved to

the desired positiOfhe idbRAN AniRCYUSI BBmEri8eET 8N SPfical tdBKidWive
di rection. Fig. 2 shows the structure of the optical pickup 20

chorporatedcbgtggg%ggtiggJacg?ﬁpgygﬁﬁg%ﬂgﬁéggg??é;?Bg?g 85 20 conprises a
corrector 16, an interface 17, a head access controller
18, and a servo circuit 19.

" The optical disc drive controller 14 drives the
spindle motor 12 under control to rotate the same at a
predetermined rate. The signal demodulator 15 demodulates
the record signal obtained from the optical pickup 20 and,
after error correction thereof, sends the corrected
signal to an external computer or the like via the
interface 17, so that the external computer or the like
can receive, as a reﬁroduced signal, the signal recorded
on the optical disc 11. .

The head access controller 18 moves the optical
pickup 20 to a desired record track on the optical disc
11 by track jump or the like for example. Then the servo
circuit 19 shifts an objective lens, which is being held
by a biaxial actuator of the optical pickup 20 thus moved
to the desired position, in both a focusing direction and
a tracking direction.

Fig. 2 shows the structure of the optical pickup 20

incorporated in the optical disc apparatus 10 mentioned

13



grating 22 as a light division neans, a beamsplitter 23 as a light split
nmeans, and an objective lens 24 as a |ight focus neans, all of which are
di sposed successively in the optical path of a light beamemtted fromthe
sem conductor | aser element 21 as a |light source. The optical pickup 20
further conprises an optical detector 25 disposed in the split light path
formed by the beam splitter 23. Al the optical elenments except the
objective lens 24 nentioned above, i.e., sem conductor |aser elenent 21,
grating 22, beamsplitter 23 and optical detector 25, are held fixedly on
an optical base, which is supported to be displaceable in the radial
direction of abbgeoptical disc 11, along a guide (not shown) provided in
the optical pickup 20. The sem conductor | aser elenment 21 consists
of a light emtting edRfed, Whe loptiidalz gdckapoabi nampoisesadi ati on of a
sem conductor, and emts predetermned |aser light therefrom The

grating 22 igra+dhffpackson Hgﬁtt@iaiéids:aqﬁeaﬁéw,e d Hdatesplliitglt. 23hi s
grating 22 di'vides“the |ight eam which is emitted fromthe sem conductor

| Gast three [Poht TEEEPHE Meme o e e o er ot - or der
diffracted |ight apdeul WReshde BERNGE COHIRAS etk &fa ilges cad ulicus sben gt - or der
in the optical path of a light beam emitted from the
semiconductor laser element 21 as a light source. The
optical pickup 20 further comprises an optical detector
25 disposed in the split light path formed by the beam
splitter 23.

All the optical elements except the objective lens
24 mentioned above, i.e., semiconductor laser element 21,
grating 22, beam splitter 23 and optical detector 25, are
held fixedly on an optical base, which is supported to be
displaceable in the radial direction of the optical disq
11, along a guide (not shown) provided in the optical
pickup 20.

The semiconductor laser element 21 consists of a
light emitting element which utilizes recombination
radiation of a semiconductor, and emits predetermined
laser light therefrom.

The grating 22 is a diffraction type to diffract
the incident light. This grating 22 divides the light

beam, which is emitted from the semiconductor laser
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diffracted light. Therefore, any other division element such as a hol ogram
el ement may be used as well on condition that it is capable of producing
at least three |[|ight beans through division of the incident |ight beam
The beam splitter 23 is so disposed that its reflecting surface 23a has an
inclination angle of 45 to the optical axis, and polarizes and splits the

| i ght beam obtained fromthe grating 22 and the return light from the
signal recording plane of the optical disc 11. More specifically, the

i ght beam fromthe sem conductor |laser elenent 21 is reflected by the
reflecting surface 23a of the beamsplitter 23, while the return |ight

beam is tragsdhdieht NrioHa) 4the 22aMiiRlele! 184ne3beans, i.éN, t&Hhe
enbodi ment, the beamsplitter 23 is conposed of plate glass, and

asti gmat | Smxﬁ?%rrggﬂ%ﬁtcﬁgn[%}aerﬁ 2% Fz%%%ﬂ-'g%ﬁ%& EE’L?E}%B& Pﬂ?ﬁ‘{ jgc 11 is

transmtted Itter 2 e objective Tens 24 is

conposed of &,0ransby Sl IR o285 RhRLEAL0k plpsS ADd, as wi ||

be describ I's @ conve §"Whose one Su C he |i ght

source side |s_aspherjcal. This |lens 24 focuses N
15 4 e FEENEd ot PREEPERES beall SHTREE L7410 FLEMRE [ ed
record track on the signal recordin% pl ane _of the optical disc 11 in

rotation. Such aga@ JHYlogriafe alemensamay b Herd a8 Y8lbeRovabl e

condition that it is capable of producing at least three
light beams through division oflthe incident light beam.

The beam splitter 23 is so disposed that its
reflecting surface 23a has an inclination angle of 45° to
the optical axis, and polarizes and splits the light beam
obtained from the grating 22 and the return light from
the signal recording plane qf the optical disc 11. More
specifically, the light beam from the semiconductor laser
element 21 is reflected by the reflecting surface 23a of
the beam splitter 23, while thé return light beam is ’
transmitted through the beam splitter 23.

In this embodiment, the beam splitter 23 is
composed of plate glass, and astigmatism is generated as
the return light from the optical disc 11 is transmitted
through the beam splitter 23.

The objective lens 24 is composed of a transparent
material such as plastic or glass and, as will be
described later, it is a convex lens whose one surface on

the light source side is aspherical. This lens 24 focuses
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in two axial directions by an unshown biaxial actuator, i.e., in both

focusi ng and tracking directions. The optical detector 25 has a
light receiving portion to detect the return [ight beamtransmtted
t hrough the beamsplitter 23. The objective |l ens 24 nentioned above

has the structure shown in Figs. 3A and 3B. Fig. 3Aillustrates how the
light is irradiated through the objective lens 24 onto the optical disc
11, and Fig. 3B shows the structure where the objective lens 24 is held by
a lens holder 30 which has no iris diaphragmto regul ate the nuneri cal
aperture of the |ens. In Fig. 3A, one surface 24a of the objective

lens 24 on the Niight BeHmCErsidehé Shéar SYEX BSPITY ictilo asdielsagedof
rotation synmetry, wherein the function relative to the distance (radius)

fromthe optieabraxik$ackSofli ¥88 HYghil RPelXRUB&PEl A% ot 0Prican Which
y is the distance in the radial direction fromthe optical axis, and z is
the distancej;n.the 9Rt -akedxhs direction. The derivatives of the
function are continuous in 16 t he

dely e aen but aaf USRIV Ll & sostagSibaeer Bl flyBask L
transm ssion, range Whst CaibO-E258s WY AP GG Hil%ki3T teaguBesed of
i.e., in both focusing and tracking directions.

The optical detector 25 has a light receiving
portion to detect the return light beam transmitted
through the beam splitter 23.

The objective lens 24 mentioned above has the
structure shown in Figs. 3A and 3B. Fig. 3A illustrates
how the light is irradiated through the objective lens 24
onfo the optical disc 11, and Fig. 3B shows the structure
where the objective lens 24 is held by a lens holder 30
which has no iris diaphragm to regulate the numerical .
aperture of the lens.

In Fig. 3A, one surface 24a of the objective lens
24 on the light source side is a convex aspherical
surface of rotation symmetry, wherein the function
relative to the distance (radius) from the optical axis
is given by Eq. 3 expressed as z = asp(y), in which y is
the distance in the radial direction from the optical
axis, and z is the distance in the optical-axis direction.

The derivatives of the function are continuous in
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transparent glass, the glass material on the light source side is
exi stent. Since the light rays passing through the defined area
are margi nal ones, the predeterm ned radial position y[err] shown in Fig.
3A is so decided that the nunerical aperture of the | ens becones a
predeterm ned value (required numerical aperture). The

di scontinuity of the derivatives is so set that the absolute value v of
the difference between the derivatives anterior and posterior to the
position y[err], i.e., [dasp(y)]  -dasp(y)] [err]
(Eq. 4) becones v [err] 0.3 ... (Eq. 5)
Consequent | ytnhasqshoneai ArEh g vde dhe Sdarambust Be abj ective | ens 24 on
the light source side is deviated, outside the predeterm ned radi al

bosi tion y[eg&kdﬁggﬂﬁggetﬁd%ﬁﬁ%ﬁ&g Fiimidre 240 d IRUEiLAG gyehace 24b

ocuses t e sanme point as the

i, her By e RRELOEOL LAAIa PSR SO0 J SSRRYsereklEa s

recording pl _ T« sc IT. _ %? e the
g;e?ﬁ;er”‘”egaﬁgg'%Lar@?siﬁ'éﬁ%¥[€ﬁé]db{43%£%%fﬁ%%§ 92 &gecgg gggavgflens 24
transparent glass, the glass material on the light source
side is existent.
Since the light rays passing through the defined
area are marginal ones, the predetermined radial position
¥, shown in Fig. 3A is so decided that the numerical
aperture of the lens becomes a predetermined value
(required numerical aperture).
The discontinuity of the derivatives is so set that

the absolute value v of the difference between the

derivatives anterior and posterior to the position y,,

i.e., .
v [dasp(y)} _ [dasp(y)]
W lys-y YW lyssy,
.-. (Eg. 4)
becomes
v £ 0.3 ... (Eq. 5)

Consequently, as shown in Fig. 4, the surface of
the objective lens 24 on the light source side is
deviated, outside the predetermined radial position y,, as

denoted by reference numeral 24a from the surface 24b
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| i ght source side is so forned as to be expressed by the follow ng

equati on: z = asp(y) + f(y - y[err]) ... (Eq. 6)

More specifically, the surface of the objective lens 24 on the |ight
source side is defined by the function expressed as z = asp(y) +
a(y --y[err]) + p(y - ylerr])[err] ... (Eg. 7) (where p and g
are small constants) In the above, small constants p and g signify
that the distance fromthe original aspherical surface is snall

As a result, the outer |light beamincident outside the predeterm ned
radi al position y[err] is not focused at any position other than the

signal recorghngnhpkaseses the 1DgHt adanlisc the sane pedakeast bReposition
deviated from the center of the optical axis in the direction

per pendi cul ag h LGR! R SnOMadte SidHAIhdafC950hBE £BLased
The opti cal %Pégd%bgggg%%gﬁl&ﬁgepresented by thig on

18 tne STBRM] "POLoNRSS o1 £ AU IR 18! boged above, and the

fol | ow ng operatiron I's perforne erein. irst, e spindl e notor
12 Of e Pt dhaseo PR A SO pnsi b et 03l s
position y,, the surface of the objective lens 24 on the
light source side is so formed as to be expressed by the
following equation:
z = asp(y) + £(y - Y.) ... (Eg. 6)
More specifically, the surface of the objective
lens 24 on the light source side is defined by the
function expressed as
z = asp(y) + 4(Y ~ ¥o) + P(Y - ¥o)® ---- (EQ. 7)
(where p and q are small constants)
In the above, sﬁall constants p and g signify that

the distance from the original aspherical surface is .

small.

As a result, the outer light beam incident outside
the predetermined radial position y, is not focused at any
position other than the signal recording plane of the
optical disc 11, and reaches the position deviated from
the center of the optical axis in the direction
perpendicular to the optical axis on the signal recording

plane.

The optical disc apparatus 10 represented by this
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direction of the optical disc 11 along an unshown guide, so that the
optical axis of the objective lens 26 is displaced up to a desired track
position on the optical disc 11 to thereby execute an access. In
this state, the light beamenmtted fromthe sem conductor |aser elenent 21
is divided into three 1light beans by the grating 22 in the optical pickup
20. Subsequently the |ight beans are reflected by the reflecting surface
23a of the beamsplitter 23, and then are focused on the signal recording
pl ane of the optical. disc 11 via the objective |ens 24. The return
light fromthe optical disc 11 is transmtted through the beamsplitter 23

via the objefbbdemkafishdd epai dorpigiherids daitRhddta®owie,i @RACthin the
optical detector 25. Thus, the record signal "~ obtained fromthe optical

disc 11 is repiodysad bPeraEEoh IpOCEeEdnddeitdlyf, signal of the optical
detector 25. In"this process, the signal denodul ator 15 detects

19 of at L%P%é;ét ,i”gcalf‘é éﬁirﬁil@?&og@}d 13 E%C'Eﬁeﬁégglicéi 9l from the

out put signal ector 25. In thi's enbodi nent, t%e t racki ng
oL S ahBRHEREE B0 8 HhencliNg SIS IE I OIS B
|Tght and thguggggge£££§tEgédgﬁtiééﬂup{%§uﬁﬁ2&t¥% U8 in the radial

direction of the optical disc 11 along an unshown guide,

so that the optical axis of the objective lens 26 is

displéced up to a desired track position on the optical

disc 11 to thereby execute an access.

In this state, the light beam emitted from the
semiconductor laser element 21 is divided into three
light beams by the grating 22 in the optical pickup 20.
Subsequently the light beams are reflected by the
;eflecting surface 23a of the beam splitter 23, and then
are focused on the signal recording plane of the optical
disc 11 via the objective lens 24.

The return light from the optical disc 11 is
transmitted through the beam splitter 23 via the
objective lens 24 again and then is formed into an image
in the optical detector 25. Thus, the record signal
obtained from the optical disc 11 is reproduced in
accordance with the output signal of the optical detector
25.

In this process, the signal demodulator 15 detects
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| i ght beans obtained through division by the grating 22, while the focus
error signal is detected on the basis of the astigmati sm generated by
transm ssion through the beamsplitter 23. Then the servo circuit 19
executes servo control via the optical disc drive controller 14 to

perform both focusing and tracking. When the |light beamemtted from
the sem conductor |aser elenment 21 is incident on the |ight-source side
surface 24a of the objective lens 24, the incident light inside the
predeterm ned radial position y[err] fromthe optical axis (i.e., within
the optical effective surface) is focused to forma spot, as shown in Fig.

3A, at the QO% bﬁ&ng gra9§ haPYadd fd X6obull St sAlaig tFhem @Rkl cal

axis, i.e., e Si recor I ng plane of the optlca disc 11, in

f t t th Meanwhi | h
fgglgggl ylghPtBHtgfgggggegkpﬁgge?ééggﬁgdf dﬁg{ $65i tir0n yferr?nfrgnfth; ©
t | d at
?EelSgS|?rgﬁe@%&ééﬂeﬁﬁarFhﬁytfﬂﬁkf?ieﬁrr%ﬁsﬁ%ﬁﬂﬁgzﬂ I%fﬁ;%g%gpt|ca%%;;?§, :
. e., th | d | f t | di h
Gerivative  PSHRORsHREr FERTLRUL La0E hiD 18 AAEESHhISGE FHEN ¢ he

derivative of the inner shape, so that the outer i nci dent % reaches
some other p&®tirdh 8é&§Falbdarfi ghtFguposed of the plus 1ret-Slaer

light and the minus first-order light out of the three
light beams obtained through division by the grating 22,
while the focus error signal is detected on the basis of
the astigmatism generated by transmission through the
beam splitter 23. Then the servo circuit 19 executes
servo control via the optical disc drive controller 14 to
pérform both focusing and tracking.

When the light beam emitted from the semiconductor
laser element 21 is incident on the light-source side
surface 24a of the objective leng 24, the incident light
inside the predetermined radial position y, from the
optical axis (i.e., within the optical effective surface)
is focused to form a spot, as shown in Fig. 3A, at the
position spaced apart by a fixed distance along the
optical axis, i.e., on the signal recording plane of the
optical disc 11, in conformity with the shape of the
aspherical surface.

Meanwhile, the incident light outside the

predetermined radial position y, from the optical axis is
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therefromin the direction perpendicular to the optical axis .
Consequently, out of the entire light incident on the objective |lens 24,
the light beamincident outside the predeterm ned radial position y[err]
of the light-source side surface fromthe optical axis is not focused at
the position where the inner incident |light beamis focused, and thus the
outer surface portion of the objective lens 24 outside the predeterm ned
radi al position serves as an iris diaphragmin conformty with the shape
of the aspherical surfce, hence adjusting the nunmerical aperture of the
objective lens 24 to an adequate val ue. Therefore, the iris

di aphragm 7 psovisatksstpar aitdd podfindent bpackideapaye benshé fixéde
conventional optical pickup 1 of Fig. 6 is no | onger necessary to

eventual |y §f£okeeed kﬁ&ﬂitt%éfofﬁiﬁtcﬁlc@mi@)eﬁt. eenbgr shandigssendl y.
ap

Further, as the iris di ragm function is attained due to the shape of

the aspheri calogty{ Ve Of W optical disc, since the deriva@iive
obj ective | ens 24 éﬁfﬁhe l'i ght souré% si de, thére exists none o shar p
J

f
change in thﬁ:{x@%)g%qéﬂ%ﬂ edsLal %ga%ager adi a&seeﬁ%ﬁeuy[ﬂgemxg@nce

di m ni shi ng Ion "caused In process o ding t obj ective

= oot )RR, eyt BT SRS BELUBEDeE Mencpiyalives
achi eve nDrelf@ﬁé“%éggies some other position deviated slightly

therefrom in the direction perpendicular to the optical

axis.

Consequently, out of the entire light incident on
the objective lens 24, the light beam incident outside
the predetermined radial position y, of the light-source
side surface from the optical axis is not focused at the
position where the inner incident light beam is focused,
and thus the outer surface portion of the objective lens
24 outside £he predetermined radial position serves as an
iris diaphragm in conformity with the shape of the
aspherical surfce, hence adjusting the numerical aperture
of the objective lens 24 to an adequate value.

Therefore, the iris diaphragm 7 provided separately
from the objective lens 5 in the conventional optical
pickup 1 of Fig. 6 is no longer necessary to eveﬁtually
reduce the costs of both component members and assembly.

Further, as the iris diaphragm function is attained

due to the shape of the aspherical surface 24a of the
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di mnution of the distortion generated in the nolding process. In
case the difference between the derivatives is in excess of 0.3, the
change in the shape of the aspherical surface at the predeterm ned radial
position becones somewhat greater, so that slight distortion is generated
in the nol ding process. Mor eover, since the iris diaphragm function
is attained in the objective lens 24 itself, it is possible to prevent
asymetrical aberration that may otherwi se be caused by any axi al
deviation of the iris diaphragm In case the aspherical surface
outside the predeterm ned radial position is given by Eq. 6, the outer

| i ght beam i rubperttiveutlsinde 2dhenpraeeléghinedureads fde poshdd®restisyiot
focused due to the refraction through the relevant surface portion.

Therefore, thiche @ff ehdripgkhabgaminsthet shapdset tive fPrsastigigiesSpot ,
22 unli ke the one shown in Fig. 10, along the optical axis at

anot her posi thzi i ffoieniny yi f ofedde dieli JHiHy theamiskBekdsnt inside the
predeterm ned radi al position, and no false signal is produced, as shown

n Fig. 5 viddusd®Shethd aroiess skonatqtialechechi dotus i Lontrol,

hence preventing occurrence of sone di sadvantage s fernt that may
otherw se be genera§§9t9¥uigff§ éﬁﬁﬂ(%hé”difference between the

derivatives at the predetermined radial position is less
than 0.3, it is possible to achieve more effedtive
diminution of the distortion generated in the molding
process.

In case the difference between the derivatives is
in excess of 0.3, the change in the shape of the
aspherical surface at the predetermined radial position
becomes somewhat greater, so that slight distortion is
generated in the molding process. :

Moreover, since the iris diaphragm function is -
attained in the objective lens 24 itself, it is possible
to prevent asymmetrical aberration that may otherwise be
caused by any axial deviation of the iris diaphragm.

In case the aspherical surface outside the
predetermined radial position is given by Eq. 6, the
outer light béam incident outside the predetermined
radial position is not focused due to the refraction
through the relevant surface portion. Therefore, this

outer light beam is not focused to form another spot,
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the like in the optical di.sc apparatus 10. The enbodi nent descri bed
above represents an exenplary case with the objective | ens 24 enpl oyed as
an optical lens in the optical pickup 20 for an optical disc and also in
the optical disc apparatus 10. However, the present invention is not
limted to such enbodi nent alone, and it is apparent that the invention is
applicable also to any optical |ens enployed in sone other apparatus on
condition that the optical lens is used with an iris diaphragm
Further in the above enbodi ment of the optical disc apparatus 10 and the
optical pickup_2 there are  nentioned the structures of an optical disc
appar atus andn &#eoﬁp?capepFERﬂb a%sfgmedIchah@mwé@mnppﬁncgﬂ axisptica
di sc. However, it is obvious that the present invention is applicable also
to sone otheﬁtopnpﬁaﬁrdpgélﬁppard@ﬁ§er%nnﬂxuﬁnqmﬂtQa dhnerwAiightabeanesi gned
for recording 23 and/ or
repr oduct i oniofideghetinsbgei the pirsdetdmBPedRadddhlapdsieibart And no
Thus, according to the present invention, it becones possible to provide
an |nproved dpllseakifgras mstprodeed)sasMSﬁHWhagml@u@QtBQHWLQHd an opti cal
pi ckup and an optical disc apparatus using such a lens, which is capable
elimnating gebpgbt beatheusss dgndhede&dfdted in focusing control,

hence preventing occurrence of some disadvantage such as

feint that may otherwise be generated by focus search or

the like in the optical disc apparatus 10.

The embodiment described above represents an

exemplary case with the objective lens 24 employed as an

optical lens in the optical pickup 20 for an optical disc

and also in the optical disc apparatus 10. However, the

present invention is not limited to such embodiment alone,

and it is apparent that the invention is applicable also

to any optical lens employed in some other apparatus on »

condition that the optical lens is used with an iris

diaphragm.

Further in the above embodiment of the optical disc

apparatus 10 and the optical pickup 20, there are

mentioned the structures of an optical disc apparatus and

an optical pickup designed for reproduction of an optical

disc. However, it is obvious that the present invention

is applicable also to some other optical disc apparatus

and optical pickup which are designed for recording

1]
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effective surface thereof without deteriorating the optical
characteristics.
24 What is Clained is: 1. An optical |ens conposed of
a transparent material, wherein one surface thereof on a |ight source
side is a convex aspherical surface of rotation symmetry defined by a
function relative to the radial distance froman optical axis, and said
aspherical surface is shaped to be a curved one w thout any stepped region
with

and/or reproduction of magneto-optical disc, CD-R, CD-RW

and so forth.

Thus, according to the present invention, it

becomes possible to provide an improved optical lens with

an iris diaphragm function, and an optical pickup and an

optical disc apparatus using such a lens, which is

capable eliminating a light beam outside the optical

effective surface thereof without deteriorating the

optical characteristics.
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regard to the radial direction in the defined area, and has a portion
where the derivatives of said function are discontinuous at a
predet erm ned radi al position. 2. The optical lens according to
claim1l1, wherein the difference between the derivaiives at said
predeterm ned radial position is smaller than 0. The oEtlca

Izegsaggg%di ng to claim1, wherei n | S?:Eg ai)phe\erhg?Ie ,ﬁmgzﬂﬂﬂu!ﬂ"gjgﬂ LY

the radial direction of the lens fromthe optical axis, and z is the

di stance in the direction of the optical axis. 4. The optical |ens
accordi ng towahai is3Clakmwedi hs:sai d aspherical surface is given by

z = asp(y) + f(y - yl[err]) ... (Eq. 2) where y[err] is the
predeterm ned radi us, amdopticulleiehs composedSof Thetopismaterdtens according
to claim1, wherein 25 the |ight

i nci dent on hheeirRAe, WheReih!iHhE Sakfacdretitarmidied nadhal spagkceion is
focused at a predetern1ned position on the optical axis of said |ens,

whil e the |'gﬁﬁe'QS'QGEEnGthQ@pﬂéﬁf&aﬁr§@rfébé“8ffﬁBﬂ&ﬁﬂén symmetry6. An
optical pickup conprising: light source for emtting a |I1ght

beam de?@ngg]8§tévfuﬁgﬂﬁoﬁofei§€£§érﬁbtﬁﬁé|féﬂﬂélb%ﬁgkance
from an optical axis, and said aspherical surface is
shaped to be a curved one without any stepped region with
regard to the radial direction in the defined area, and
has a portion where the derivatives of said function are
discontinuous at a predetermined radial position.

2. The optical lens according to claim 1, wherein
the difference between the derivatives at_said
predetermined radial position is smaller than 0.3.

3. The optical lens according to claim 1, wherein
said aspherical surface is given by j .

z = asp(y) .o (Eg. 1)
where y is the distance in the radial direction of the
lens from the optical axis, and z is the distance in the
direction of the optical axis.

4. The optical lens according to claim 3, wherein
said aspherical surface is given by

z = asp(y) + £(Y - Yo) ... (Eq. 2)
where y, is the predetermined radius, and y > ¥,-

5. The optical lens according to claim 1, wherein
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emtted from said | i ght source onto a signal recording plane of an optical
di sc; alight split nmeans di sposed between said |light source and
sai d objective | an optical detector having a |ight

receiving port |Imm'ﬂﬂ guﬂimturmlr eturn |ight beamsplit by said |[ight
split neans and C w 1rom.the signal recording 'plane of said optical

di sc; wherein said objective lens is an optical one conposed of a
transparent material, and one surface thereof on the Iight source side has
a convex aspherical surface of rotation symetry defined by a function
relative to the radial distance froman optical axis, and, said aspherical
surface is shdgedighthéngidanteanohe WMREHATYWISMERER1egi on with
regard to the radial direction in the defined area, and has a portion
where the dexedstievadnefl zafdilalupesibionrks dicsvwad mfods at a

26 predeterm ned radial position. 7. The optical pickup
accor di ng t o peledietre@mineiepes itibe onf ke eopeidedt weers toife sddd Lansyves at
said predetermned radial position is smaller than O.3. 8. The
optical |ensyagger ¢heglightl ahoidentheretite ctiel as@eriiscaotsfotasedi s

gi ven by z = asp(y) ... (BEg. 1) wherey is
the distance in thegradimlopdiicaat baekap EBfprising:

a light source for emitting a light beam;

an objective lens for focusing the light beam
emitted from said light source onto a signal recording
plane of an optical disc;

a light split means disposed between said light
source and said objective lens; and

an optical detector having a light receiving
portion to receive a return light beam split by said
light split means and reflected from the signal recording
plane of said Optibal disc; .

wherein said objective lens is an optical one
composed of a transparent material, and one surface
thereof on the light source side has a convex aspherical
surface of rotation symmetry defined by a function
relative to the radial distance from an optical axis, and
said aspherical surface is shaped to be a curved one
without any stepped region with regard to the radial
direction in the defined area, and has a portion where

the derivatives of said function are discontinuous at a
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|l ens fromthe optical axis, and z is the distance in the direction of the
optical axis. 9. The optical lens according to claim@8, wherein
sai d aspherical surface is—giver-by —z = asp(y) + f(y - yl[err])

... (Eg. 2) where y[err] i g rmned radius, and y > y[err].

10. The optical |ens accordﬂ’l"!ﬂﬁﬁ Eﬂﬂ@ﬂtﬂlﬁherei n the light incident on
the inner area within said predel dial position is focused at a
predeterm ned position on the optical axis of said lens, while the |ight

incident on the outer area is not focused. 11. An optical disc
appar atus conprising: an objective lens for focusing a |light beam
emtted fromredetgrmigedr sadsalopasstyonl recording plane of an optica
di sc; an optical detection neans having a |ight receiving

27 por 7i ortheo apfdeiale plilkekupeernriigyt tbeabaiwf fpct ed from
the signal recording plane of the optical disc; an objective |lens

drive means empiklin ahemdiffigresaedbebyest i vee | dnsihittived lat said a

calcul ator for obtaining a servo signal in response to the signal fromthe

l'i ght recei Vi;ﬂi@dlé&btrin@ﬁedofcaéiléﬂ Posi€8bn UBS esid O MBANS: And a
servo means for supplying the servo error signal to said objective |ens
drive neans: 8. The optical lens according to claim 6, wherein

said aspherical surface is given by

z = asp(y) ... (Eg. 1)
where y is the distance in the radial direction of the
lens from the optical axis, and z is the distance in the
direction of the optical axis.

9. The optical lens according to claim 8, wherein
said aspherical surface is given by

z = asp(y) + £(y - ¥0) .-+ (Eg. 2)
where y, is the predetermined radius, and y > y,.

10. The optical lens according to claim 6, wherein
the light incident on the inner area within said
predetermined radial position is focused at a
predetermined position on the optical axis of said lens,
while the light incident on the outer area is not focused.

li. An optical disc apparatus comprising:

an objective lens for focusing a light beam emitted
from a light source onto a signal recording plane of an
optical disc;

an optical detection means having a light receiving
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wherein said objective lens is an optical one conposed of a transparent
material, and one surface thereof on the |ight source side has a convex
aspherical surface of rotation synmetry defined by a function relative to

the radial distance froman optical axi YT herical surface is
shaped to be a curved one wthout any Bm E"iﬂ m th regard to the
radial direction in the defined area, N i where the

derivatives of said function are discontinuous at a predeterm ned radi al
posi tion. 12. The optical disc apparatus according to claim 11
wherein said optical lens is so fornmed that the |ight incident on the

i nner ar ea WPORtAC8alte PREBEVEr KNRcHEtRER| ALIPbHeIB I Ll TER T a
signal recording plane of said optical disc on the optical axis of said

| ens, while the signal recording plane of pRe optical disghe |ight incident
on the outer area is irradiated to a position spaced apart fromthe focal
poi nt on sai d signain okjecdive J¥mmeirive means capable of moving

said objective lens biaxially;

a calculator for obtaining a servo signal in
response to the signal from the light receiving portion
of éaid optical detection means; and

a servo means for supplying the servo error signal
to said objective lens drive means:

wherein said objective lens is an optical one
composed of a transparent material, and one surface
thereof on the light source side has a convex aspherical
surface of rotation symmetry defined by a function
relative to the radial distance froﬁ an optical axis, and
said aspherical surface is shaped to be a curved one ,
without any stepped region with regard to the radial
direction in the defined area, and has a portion where
the derivatives of said function are discontinuous at a
predetermined radial position.

12. The optical disc apparatus according to claim
11, wherein said optical lens is so formed that the light
incident on the inner area within said predetermined
radial position is focused on a signal recording plane of

said optical disc on the optical axis of said lens, while
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the light incident on the outer area is irradiated to a
position spaced apart from the focal point on said signal

recording plane.
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