; e3ehl | 6Th tSo ? g~C 2002 OPTI CAL LENS, AND OPTI CAL PI CKUP AND OPTI CAL

DI SC APPARATUS USI NG SUCH LENS BACKGROUND OF THE | NVENTI ON The p
invention relates to an objective lens used in an optical pick
recordi hg and/ or reproducing signals of a mni disc (MD), nagn
disc (MD), conpact disc (CD), CD-ROMor the like (hereinafter
as "optical disc"), and also to an optical pickup and an optlc
apparatus equi pped with such an objective I ens. According t

art, an exenplary optlcal pi ckup deS|gned for an opti cal dISC

b R o

et o-opti cal

o ol MWWMWWWM

has t he

tructure shown in Fig. In the optical pickup 1 conprises a
sem conduct or | aser eI%%%%?AQ L%ﬁ%raé?ﬂgogTPgA%e§ﬁ$§BPiRFBr 4, an objective

|l ens 5 and an opti cal detector 6. The grating 3 is a diffracti
di vi des an inci dent |9RRIChePI26i APRARATYS VHENGcRVEBNHENE or

2 into a main beam of zeroth-order |ight and side beans of plu
first-order light. The beamsplitter 4 is so disposed that its

on type which
| aser el enent

s and m nus
reflecting

surface has an inclination of 45 to the optical axis, and separates the

return | i ghBACKGRQUND SOF THEOBIZENRIOWDt ai ned from the signa

recordi ng

pl arie of the optical disc D, fromthe Iight beamemtted fromthe
sem conduct or | asatheelpemdnt?. il ispeatdliatadd Yho tdre objedtivdebeen tt ed

fromthe sem conductor |aser elenent 2 is reflected by the ref
surface 4a @éed hen b@@dptical pickup for recording and/or

| ecting

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, a 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 semiconductor

laser element 2 into a main beam of zeroth-order light

and side beams of plus and minus 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
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IR

*166166*




splitter 4, while the return |ight obtained fromthe optical disc Dis
transmtted through the beamsplitter 4. The objective lens 5 indﬁﬁN@ﬂ&and
forms the |light beamreflected by the beamsplitter 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 bi axial actuator, i.e., to be novable biaxially in a focusing
direction and a tracking direction. The optical detector 6 has a |ight
receiving portion to receive the return |ight beam which is incident
thereon after transm ssion through the beamsplitter 4. According to the
optical pickbpained fremsthaccigradeserppddngbplanet pé thghersdgmlenitted
fromthe sem conductor |aser elenent 2 is divided by the grating 3 into a
mai n beam adils¢wd, sfdembtheslagtt beawmr ehéichgdr ékbmctbe by the reflecting
surface 4a of the beamsplitter 4, the beans are forned, via the objective
| ens™ 2 ~2PEfPcohdutctidp hasepngéembna Qer tMbre popedidicabeysi ghal
recordi ng plane of the optical disc D. The return |ight beamrefl ected by
the signal 1egrtdbagmpéaieted themopheCakbmitsadlctsri Nakdenklenehlie 2beam
splitter 4 via the objective lens 5 again. Here, the return light beamis

transm ttedjshroHpBct88 Bgathepkbkleet4ngNdutR8Rel 4l BEI €88t paant he |ight
receiving portion of the optical detector 6. Thereafter, the information

recorded ongpiiey sbgngl {RELEILAE PLe@enof 1hAe BBth¢AkadiesemPehe repr oduced
on the basis of a detection signal outputtéd fromthe |1ght receiving

porti on of blae; 0pf i gaLc dSt 26! PEaRen?Rdesl EHELADROVALY pBahOGHS 1€ELET 431 gnal

FE and a tracking error signa are det ected” For "accur at etection of

t he reproduced si , ig% j ght eng t o] i d | aser
element 2 is formed 1 r?tbt a %J%J‘g%] %‘%&gr%:o{rgr e%fﬂﬁ%%iﬁ%nhf%ﬁﬁ%nhgﬁgi 5%1?{
recordi ng plane of e tica i and,t gbjective_lens 5 is finely
noved by anb%%%h5%£i%?%§$a Ya%?%aﬁ%?mi%pééggFaa c&Mt A%t AE2PSCHE &rror

signal FE agd;{ne,t{ A0k "9n OEh Q" s $LA02! r1Eor39ngSp i dnBeLECL AL AC

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
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



reproduction of the recorded signal. In the optical pickup 1 of the above
structure, the objective lens 5 is generally conposed of a plaquooggzaﬂ ~
2 DE C 200Z glass material and is shaped into a single optical lens with
aspherical surfaces. And, as shown in Figs. 7A and ~ 7B, an iris diaphragm
7 is disposed adjacently to the objective lens 5 so as to regulate the NA
(numerical aperture) of the light beamirradi ated onto the signal recording
pl ane of the optical disc D via the objective lens 5. Fig. 7A shows an
exenpl ary structure where an iris diaphragm 7 for regulating the NA
(nunerical aperture) of the |ight beamconsists of an independent nenber
separat e fromineo obf cER39R 3end CeBRYLNsPEiBpocRdtAd] 8égRdly to the | ens
5, and Fig. 7B shows another structure where an iris diaphragm?7 is forned
in a lens hotcerd ngipbinécbfiste opficalvéisens.5. Consequently, the |ight
beamto be incident outside the optical effective surface of the objective
lens 5 is partial IThe metnaeptiadiiiy Hdwen irefl ebtagphriagmhe asigdlustrated in
Figs. 7, whereby any unnecessary partial light beamis elimnated to cause

none of harydedrdivd usge osif relger cibtpca hedi s op nbs i Ofic dllet GEPEREUC NQ
the sanme fromthe optical disc. However, since the iris diaphragm 7 shown

in each of Fage. sgPierel 7B 5a athé NSiepecdent toRPonensaigbaiesepaat e from
the objective lens 5, the total nunber of 4 1 2 DEC 2002 required
conponent nEOBEES 1 SgRPSEAY 1HCFLA6Ait888 tRrough 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



assenbl ing the apparatus, a work of aligning its optical axis vip a2
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
probl emthat, when the iris diaphragm7 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 |l ens 5.
There is proposed anot her known art wherein the surface shape of the
objective lens 5 on the light source side is nodified, as shown in Fig. 9,
instead of using the iris diaphragm 7 nentioned above, and a recess 5a is
formed out sidd@SEhdadHLidd a@@ dé& iShapad it o siNgle grteient ikens

di aphragm function to the objective lens 5 itself. According to this

met hod, t he Wiitghtaspd@nica lbsunfeicgsnt odsi ds8 shewoptinc&ligef.f dat and surf ace
is actually incident on the recess 5a of the objective lens 5 so that such
| i ght beam i78,praev dntisd dfiaphraeac i nNg tdismed @akjddeort lon tdectss gnal
recordi ng plane of the optical disc D. Therefore, regarding the spot

posi tion ondbi@eciiigienllenscer don@spltane «fulldie: apid agl @ivercdthe 5 1 ~ D
EC 2002 partial |ight beamincident outside the optical effective surface
I's interceptagért@regnoequdrt 1 ghehibR\eh e a3hi dRHt PR RS ditphdl 1S

di aphragm 7 However, in the objective lens 5 with such recess 5a, it is
difficult, W lnd Rdanke oFaBeOWptdlcdll BILD Yid Md idifjedtdvaRi Ntain
an exact surface shape due to post-nolding contraction and so forth if
there is anygfdagp contour change such as a stepped region 5b where the
curved surface is rendered di scontinuous inside the recess 5a. For exanple,
at a corner denoted; fe e,sy ' ' p i.cal abetration

i s generated due tglgﬁeﬁgisﬁg?gigﬁ gggégghkg thuﬁgFagngﬁgkgcégs?ﬁéénce
raising a pr t ha tigal .characteristic of. the objective |lens 5
is deteriorggghsg%ﬁgrg %g%f%%?hggtp%8b5§56%%hdﬁﬁgFrécggpﬁgéﬁiqﬁ%f “fo,
wherein two ots are. far l.ong an oqpti.cal axi a single objective
lons s, so S8 6 1oB5T BEARCorgiate PRoAR, SRR pae SerRtAE of
mutual |y different standards. wever, in.execution of focusi ontr ol
with such oSFSEtF®8 Pgﬁgcglyﬁaﬁgpgr ango Pogﬁdsﬁﬁ%ﬁ%ﬁn€#§t e spot
not in use e _detecte S a | se signal .to eventually raise a problem
Chat two S SPEndReRare §BRel dfed, Branop SnPahesn S HHudtu b tite &d
difficult to perform exagt,deLegtionOh A 8 f08%63ded 8 which holds

an objective lens 5.

Consequently, the light beam to be incident outside
the optical effective surface of the objective 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



6 ~~ 0~ C 2002 SUMVARY OF THE INVENTION It is therefore an object of
the present invention to provide an inproved optical |lens which is equipped
with the function of an iris diaphragmand is capable of elimn ndtd B§Caz
partial incident |ight beamoutside the optical effective surface thereof

Wi thout deterioration of the optical performance. And anot her object of the
invention resides in providing an optical pickup and an optical disc
apparatus enpl oyi ng such an optical |ens as an objective one. According to
an aspect of the present invention, there is provided an optical |ens
conposed of a transparent material, wherein one surface thereof on a |ight
source si dereguaredngexpasphtrmembesar fiacthekrebygt dhcorasedpetny dafi ned by
a function relative to the radial distance froman optical axis. The
aspherical sssémbeihg shapefpavabasa auwveR oficalMiyhouy any spepped regi on
with regard to the radial direction in the defined area, and has a portion
where the dgriyakhivesthé &P§ettneki Danars dksaeBlbAUeYSedbnduBleget er m ned
radial position. In this optical |lens, the difference between the
dertvativesbPinghsbéaecaigfoaiemhsfpfsésaﬁgntﬂgdcbeegabfpsgkhiOn is smaller
than 0.3. 7 1"~ D E C 2002 According to another aspect of the present

i nventi on, J i opt.| i ckup which conprises a light
source for %ﬁﬁ%??%gtgﬁgyggﬁgbggﬁ]Q%ﬁggéfgétive | ens consisting of the
above-nenti oned o%r{(fg__lhéﬁegse)jf)srtd% Oacﬁ’cﬁﬁ@r t;g)?o}:léin h:ﬁlta)agg{n@i%sryﬁgef romthe

| i ght source onto“a signal recordi ng plane a |ight
split neans. disposed between_the |jght source.and.the qbjecti | ens; and
an opti cal ﬁﬁf%c@b?gﬂﬁﬁ?%g?af?fgﬁt£$e%5i$Fﬁ§gb3r?ﬂbﬂn?§ %égbiggea return

| i ght bean1s§Lit by tﬂe Iight S Iittneané and reflected fron1th§ si gna
recordi ng pPRABCHEYENESRPBL T caf SEHMUE T RcEBPEFAGLIPB 451 HPPREACESpEBE of the
present invention, there is provided, an ogtical di sc apparatus which
conprises ah® obPRcEFVEAFEnSNABRsPLLF HECoP Lt hRCaBBYECALNEEEREE LBt i cal | ens
for focusing a light beamemtted froma |ight source onto a signa

recordi ng p?%ﬁ%a%g oh bpeicaregriee Len8pPrcal detection neans having a
light receiving portion to receive the return [ight beamreflected fromthe
si gnal recording AREFE 5 tHFCRARGE ANAARRE IhPwybj akk iwherels ¢ ve neans
capabl e of noving the objective lens biaxially; a calculator for obtaining
a servo sigFarface rehpemset tthe nebieghdver tenft heoni he LégBtvFABLESrti on
of the optical detection neans; and a servo nmeans for supplying the servo
error signa$ide ifangdified, mE gho@m2inbfédti e iLoptedd| 9€ BBARY. In this

structure, when the light beamemtted fromthe |light source is to be
i nci dent onthéeirighdiaplyyagm 7 mentioned above, and a recess 5a is

formed outside the optical effective surface so as to
give an iris diaphragm 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



side surface of the lens, the incident |light inside the predeter?bg&%
radi al position fromthe optical axis is focused at a position o xed
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. Meanwhile, the partial incident
| i ght 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 signal recording plane of the optical disc,
since the derivatives are nutually discontinuous with respect to the shape
of the asphpartaklsdifghtebaan tihatidentt loatisider tder fopdd,cadne fiffemtdfrer e t he
outer incident |light reaches the position slightly deviated fromthe

fi xed- di st asaefpesi tisointeweegtelde tdi cecisieomaperigernddevar the tshmeopti cal
axis. Consequently, out of the entire light incident on the optical |ens,

t he parti al fhnekdent aki ghte QQQﬁ]g@b@hggghhe .position of the predeternlned
radius fromthe optical 9 1~-DECZ~ axis on the |light-source side surface

i's not focused at ﬁ&ﬁ‘e@é’ﬁ'ti@%%%@jé@@lb@”fénén?x'9?85 Lhght rbeagyi nsi de
the predetermned radial position is focused, so that the surface portion

outside thespl eget esmhined ;cAdkal JAGH! hbaRing \ueglgacg‘mgow ¥4l aphragmin

conformity Wth thé shape o he aspherica hus, the iris

i aphr agm pp XL eeSBPRRALE §, Ll OFL! g ARG ae] €A NCLELATaLe g to | onger

necessary, ence reducin 6st’'s o onent nenbers an assenbly
Further, si he iris d hragm f unc Lon |s attalne uch shape of
t he aspherl 3F gﬁrPSEE mphgggg g E%Eaﬁ% anthprH Hg %%Fﬁg §ﬁape at

t he predeternlne r adi_al EOSItb Accohdlng y, .the gIStOFtIO caused in
the process®BY ABPEPnGoPH8 Spt 83pe BHED @sdPnhieoRed £5946Rs ﬁhently

pr event deteélorat on of t %IC&| characteristics of the |lens. - The above
and ot her f¥3eLPesPENGUAYT nFHS §C8flﬁh§eBP§§§ﬁtdﬂﬁﬁ@ﬁFﬂBHqﬁslPnﬁééﬁne
apparent fromthe follow n escr t|on which will be given with reference
to the |IIu§F?aFF9@s§céénpgﬂ?F RF ngdt i%ﬁ??nﬁES@F??ﬁ?@»PKF THE
DRAWNGS Fig. 1 is a block dlagran1shomﬁng the entire configuration of an
opti cal d|sEe§§58P§?u§YWH8ieAahnl519 12DEEPDeERBAdi ABRETAE 1PRe 18pt i cal

pi ckup of the present invention is incorporated; Fig. 2 is a plan view
showi ng t hedghehataeedse PﬁetheoﬁﬂﬁéartﬁpékGﬁuéﬁﬁlé?e&hﬁnmpﬂéléﬁtlcal di sc

apparatus of Fig. 1,
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 objective 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.



Figs. 3A and 3B are sectional views of an objective lens in the opti cal
pi ckup of Fig. 2; Fig. 4 is a partly enlarged sectional view shgv& ggci
detail the light-source side shape of the objective lens in Figs. Ig. 5
shows a focusing control signal in the present invention; Fig. 6 is a plan
vi ew showi ng an exenplary structure of a conventional optical pickup; Figs.
7A and 7B are sectional views show ng structural exanples of an objective

|l ens and an iris diaphragmin the optical pickup of Fig. 6; Fig. 8 is a
sectional view of an optical path fornmed froma |ight source by the
objective lens and the iris diaphragmin Figs. 7; Fig. 9 is a sectional

vi ew showi ngUMMARFVUOFUTHE eENMEpNI@onf an objective lens with an iris

di aphragm function in the optical pickup of Fig. 6; and Fig. 10 shows a

focusing control signgé thepdfdde an-oBHERO-bf CKREPhREY APt LERENDLEKUP
according to the related art. DESCRI PTION OF THE PREFERRED EMBODI MENTS

Her ei naf t ertéogﬁo%efeeahee!mgﬁaeehrrsprcicgﬁ tlaﬁspwl%w ilsN¥glippeqm |1 be
described in detail with reference to Figs. to of the “acconmpanyi ng

drawings. S,neg the euRediBEnbE gﬁss&agealggmwgﬂ« and §kethgdnie of

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, wherein one surface thereof on a
light source side is a convex aspherical 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.



concrete exanples of the present invention, technically desirable various
limtations are attached thereto. However, it is to be understﬁggoq#zégmhe
scope' of the present invention is not limted nerely to such e nts

al one unl ess any description of limting the invention is specified in the
foll owi ng explanation. Fig. 1 is an overall block diagram show ng the whol e
configuration of an optical disc apparatus where an enbodi nent of the
optical pickup of the present invention is incorporated. In Fig. 1, the
optical disc apparatus 10 conprises a spindle notor 12 serving as a drive
means to rotate an optical disc 11, an optical pickup 20 for recording a
signal on a signalAceendiinggtpl anetbért hepepti ofil tHespreésent rotati on while
irradiating a |light beamthereto, and reproducing the record signal on the
basis of a Hnewvensibnghthkeamiebpaiovdddd am o isiagnalickegondii pl ane, and
12 .~ 2 o Ec zooz a control unit 13 for controlling such conponent

menbers of tBapRBasakhusighlte selRiceo!foinidmitd iR ilSeftabedit; Gal di sc
drive controller 14, a signal denodul ator 15, an error corrector 16, an

interface 14piacheed 2e68S&0n@ALEANGEL 1AM RSN iUrddlidpti®alThe
optical disc Arlve controller 14 dri'ves the spindle notor 12 under control

to rotate thensage akasuRliafetAMNGH Hetm RS U FrP Al | ©

dermodul ates the record sign obt a optical pickup and,
o oo <ERSEECER®S, BRER, ZEPRAIS SN LU B,
(e 1@ 628 §99REBep03 AgkEr BUUREAH B3l A1 SRR 0 L1
{02 desty ednepnteliagk Bl e Pic o b Bptaslugp or (e T ke
being held by 2 Pl axLay i85 BakRiod th"FedRive? RHetiih 1 gnimved

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



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 pptical disc apparatus 10 nentioned 13 ~~DEC ~0O abqv@gcﬁﬁﬁ
Fig. 2, the optical pickup 20 conprises a grating 22 as a light division
means, a beamsplitter 23 - as a light split nmeans, and an objective |ens
24 as a light focus neans, all of which are disposed successively in the
optical path of a light beamemtted fromthe sem conductor |aser el enent
21 as a light source. The optical pickup 20 further conprises an opti cal
detector 25 disposed in the split light path formed by the beamsplitter
23. All t heobptictaveelemsntsiwrcepinishe objective | ens 24 nentioned above,
i.e., sem conductor |aser elenent 21, grating 22, beamsplitter 23 and
optical detector 2pn #ifs hetoudtued] ywnenatheplight basa, emhitebdi Srom
supported to be displaceable in the radial direction of the optical disc

11, along atgui d¢4hB05oaREWN)sPEBYbEed nbidehe opt ikh@l 1RighewRot@celhe
sem conductor Lasér elenent 21 consists of a light emtting el enent which

utilizes reggapi BaLQRer B¢ ehieogreg%] ,a_lf,%%mi?ﬁ'lg%%ttog.’igﬂld igxl@'ffd% the

predeterm n aser l[i1ght there grating 22 i's a fraction type

to diffract thg tnchdalh bhabhy FBLS cdbal ifdgn?2pdl Wdge e dight beam

which is e romthe sem conductor 1aser 2 elenent 21,

into at leagt three_Ligh . €., QQ0 R ed of
zer ot h- or def °§IFF aé%eg PP%E?EQHdOFWB §ﬁ5§dg§é%§ @%%ngggﬁgﬁ pl us and m nus

first-order diffracted |ight. Therefore, ther divisj.on el t h
2 hol ogr am P ERERLONag bEAisBE ACTo RS B6fdrt PO THap RS Capabl 6 Of

r in | hr [ i hr ivi.sion of the inci nt |ligh
EeggSCI 9 a}eCS%SEnE pfgnelg?ttggag%t&cagu%gsguvhil%cé%rééd%é w&% ent 11ght

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
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 beam splitter 23 is so disposed that its reflecting surfacel 2RENER 5
inclination angle of 45 to the optical axis, and polarizes and splits the

| i ght. beam obtained fromthe grating 22 and the return light fromthe
signal recording plane of the optical disc 11. Mre specifically, the |ight
beam from the sem conductor |aser elenent 21 is reflected by the reflecting
surface 23a of the beamsplitter 23, while the return light beamis
transmtted through the beamsplitter 23. In this enbodi nent, the beam
splitter 23 is conposed of plate glass, and astignmatismis generated as the
return light fromthe optical disc 11 is transmtted through the beam
splitter 23axIleoabjtbet lighltesputed §idenpusddoaf i tnicen Sfearuesdd rett eri al
such as plastic or glass and, as will be described later, it is a convex

| ens whose ehe pusfigdenowhelre khghtingeur deciidéat I iagRhe/dagdlinshiides | ens 24
focuses 15 ~2DEC~ the light beamfromthe beamsplitter 23 onto a desired
record tracknenpi-Baetetfidhetesandiald pplsata odf ilshEoRiset! & Shakl tHe
rotation. The ogjectlve lens 24 is so held as to be novable in tw axial
directions ByracuNBBEeoR! Bkl dlC il PredeorRrmin P LACYRING A
tracking directions. The optical detector 25 has a li1ght recéiving portion
to detect t u Loht..he 1 .te r e sphitter 23.
The objectiggrpgﬁs5§4£he2%%gnggh§%ggggkg§ ?ﬁ@gggﬁﬂgptgﬁfs g%# %ﬁ fbs. 3A
and 3B Fig pLLustr how light is irradiated through the

obj ecti ves %gn§h§4géﬁﬁégiﬁ3908P??§Fedisc 11, and Fig 3B shows the structure
where the objective | ens_ 24 is.heéd by a | ens holdgr 30 mhgc? h?s no iris
di aphragm to regul B%° t el AUttt cAF2BRER 9T R QY L14RE FERETALPLYCEEPE shown
in Figs 3A ggd BB.,Fig. 3A ihlus r?tes hom1thi I;i%ht is irradiated through
the objecti ¥8€ 8RE1531hERS grS%P'Eéﬁ dfs8C11OB9ET 3BCERGRE Yrhe S8 uct ur e
where the objective lens is held by a |l ens holder 30 which has no iris

di agram to Fegifape the RAFREFi 24l PPERFFGMPSAENSBEBBLL S @ N5l 2 SSPIPHY -
objective lens 24 on the |ight source side is a convex aspherical_ surface
of rotatioanyﬁﬁﬁFry?lRﬁErEgﬁ tRest dAEPhEAIFeFHPFEdONo ifha tdrdngrce
(radius) fromthe optical axis is given by Eq. 3 expressed as z = asp(y),
in which y fgethe aishafbarenofhEhpagrrhediicadt FBNTRESM thergperdaltsaxi s,
and z is the distance in the optical-axis direction. The derivatives of the
function ar BoBBnPEnEhAsP| ghagge in-thepstape-athshgebrpdgteradnesut are

di scontinuous at a .
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
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predeterm ned radial position yo. Here, the defined area of the objective
lens 24 signifies a light transm ssion range where, in case the1?b¢ iog e
| ens 24 i s eonposed of transparent glass, the glass nmaterial on i ght
source side is existent. Since the light rays passing through the defined
area are margi nal ones, the predeterm ned radial position yo shown in Fig.
3A is so decided that the nunerical aperture of the | ens becones a
predet erm ned val ue (required nunerical 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 yo, i.e., dasp(y)J
v=dY Y w Yembladphent dyf Yeh&oopticéd Eqpidkupeofinehevprefet. invehtion)
Consequently, as shown in Fig. 4, the surface of the objective lens 24 on
the |ight spsirtecstgérasedevi ated, outside the predeterm ned radial
position yo, as denoted by reference nuneral 24a fromthe surface 24b 17

1 ~ D E C 2002 whigly f ocusess tiad ivaidw hefem Alg tiiee SOPBRuPOLPE 88 the
i nsi de, whereby the Tncident |'ight beamis not” focused on the signal

or di t j 11 g . QU Si
or cdet er m he o o e tRT Pear il enB SRELEM Y18y, BBRFGESp 8L 54 on

the Iight spfécelside is so formed as to be expressed by the follow ng
equat i on: Y

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 plan 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



z = asp(y) + f(y - ya) ... (Eq. 6) Mre specifically, the surface of the
objective |ens 24 on the |ight source side is defined by the function

expressed as+z = asp(y) + q(y - Yo) + P(Y - Yo)Zz. . . (Eq. 7) qugcqmn
and q are small constants) In the above, small constants p and A rgnify
that the distance fromthe original aspherical surface is small. As a

result, the outer |ight beamincident outside the predeterm ned radi al
position yo is not focused at any position other than the signal recording
pl ane of the optical disc 11, and reaches the position deviated fromthe
center of the optical axis in the direction perpendicular to the opti cal
axi s on theegegpdharyeoptdcad pliakeap Beeocoplicpltadithe aplataidiartQ
represented by this 18 1 2 DEC 200Z enbodi ment has the configuration
menti oned above, and the follow ng operation is performed therein. First,
the spindle notor 12 of the optical disc apparatus 10 is rotated to drive

the opti cal pgseR1bdioRUbBFeGHENDPRY FERRFRP MBI IMENEP 20 is nmoved in the
radial direction of the optical disc 11 al ong an unshown gui de, so that the

optical axis of ig.pbigeriup LoRS BPeksrfbaPLARSHitianto Bedenbred track

position on the optical disc ereby execute an access. [n this

State, the branb0eaquentLbad, b gmiha sellieandugt e Laselghorent 21 i

di vi ded int ree eamns e grating i N the optical pickup 20.

Subsequent | he light beans are_refl ect by the refl.ecting surface 23a of
t he bean1sp¥F%F§?n§%,EgnglﬁﬁénaaFg Po %é%%ebﬁcfﬁggﬁﬁﬁﬁﬁg Hﬁ%ﬂ%ﬁgﬁg pl ane of
the optical disc %&,via the objective lens 24, The return |ight from.the
optical disc 11 i SSHRGRsHRT I TPTTIBERHE  AESCoLRPEPRIPE 258 brareRsed
objective lens 24 again and then s forned into an inmage in the qptical

det ect or 25?°?ﬁE§Fetﬁ§aW8&8Fd°§i§H3IPGEF&Pﬁe&nVFSﬁﬂPﬁe Spehedicadilge 11 is

reproduced i.n accordance wi th_the output signal of the optical detector
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



25. In this process, the signal denodul ator 15 detects 19 ~ 2 D E C 2002
a tracking error signal and a focus error signal fromthe out put sigp%hpof
the optical detector 25. In this enbodi nent, the tracking error1§i@ al™ts
detected on the basis of the return light which is reflected fromthe
optical disc 11 and is conposed of the plus first-order |ight and the m nus
first-order light out of the three |ight 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
control | er d4coontpetfonntbd8hfbocasnhgoamdnygr aakhngompbhaenthmembeglts beam
emtted fromthe sem conductor |aser elenment 21 is incident on the

| i ght - sour cef stle appaastu@d4a of the objective lens 24, the incident |ight
inside the predeterm ned radial position yo fromthe optical axis (i.e.,

wi thin the opticalrifd f@sitmsl sii{cE) dSmpPLasetad OOl E $PY  gASvshown
in Fig. 3A, at the position spaced apart by a fixed distance al ong the

opt i cal aX!éon’créﬁlctaﬁnlhheaséﬂgﬁ%%r&éﬂéﬁhﬂgte apg Ofnt QEK/QPU cal disc 11,

in conformty wt e shape o e aspherical surface. anwhi l e, the

opt i cal - axi S TEBhRE O B B BTk F Y (B RS R BT
apart by thf%f|x§$ gh%é§g§ecg%gggttpg.optlcal axis, i.e., on the signal

recording p he® i ca I'Scy; " S8ince the derivative of the aspherica
surface shape is dj.scontinuaus, Wwth the derivatjve of, the. i nner. shape, so
that the outer ingl%}iferﬁpqlicgaﬁlt Febfe KL O 1%’65{‘“ R i Hh®d slightly
therefromin tﬁs directi0£ per%endicular to the ogtical axi s. Consequently,
out of the TRIRIESIPGHPT | hei WRACE oHCRhECLLFRcEPFBTPehRE28AMERRE| Rght beam
i nci dent outsi de the%gredeternined radi al_ position yo of the Iight-source

si de surfacdRtIheTRENePtFREF - axiie iSLaRL fARNRERLakoE n (HRMdBeY®Rre t he

inner incident light beamis focused, and thus the outer surface portion of
the obj ecti%ke|EAODY $iFRIHChFRIBRRJEFRPnTRBIOPREFAL PbSkEPoAOsBRdes as
an iris diaphragmin conformty with the shape of the aspherical surfce,
hence adj us?FHRF t REr PEiNEPTERT L HpRr teEeof /1 hendpj ERE| Gerredteds to an
adequat e val ue. Therefore, the iris diaphragm 7 provided separately from

t he obj ecti¥EIPehstS #B HECERRY PRTRREST 0PEi ERP pikRupla EﬁeFig. 6 is no

| onger necessary to eventually reduce the costs of both conponent menbers
and assenblintexfagerl7 asse hehatitheli aphennal f aaBPRbATri Qr athai hale

can receive, as a reproduced 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



due to the shape of the aspherical surface 24a of the 21 1 2 DEC 2002
objective |lens 24 on the |ight source side, there exists none of sharp
change in the shape at the predeterm ned radial position yo, henck2 DEC 2082
di m nishing the distortion caused in the process of nolding the objective

| ens 24. Particularly when the difference between the derivatives at the
predeterm ned radial positionis less than 0.3, it is possible to achieve
nore effective dimnution 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
radi al posi 8bovebecones sonmewhat greater, so that slight distortion is
generated in the nol ding process. Mreover, since the iris diaphragm
function is attai nad Figi hd, cbhecepvicakngi@lupt 8@l Eomprisespassi ble to
prevent asymmetrical aberration that may ot herw se be caused by any axi al
devi ati on ofrhbéngrg dsaphlaght Hhviasent heaaspher bealm spilfiaceroaBsi de the
predeterm ned radial position is given by Eq. 6, the outer |ight beam
incident oukgi de1tf§repEpdetensuned aadi ah PBebitaRd 3engt 280gesad due to
the refraction through the relevant surface portion. Therefore, this outer

l'i ght Pea”?i§gﬂ€tféeﬁgsﬁga59,f8iﬂ‘8@0%B§5h599%1d%%posb&DEQ%Ee%B&bEQythe one
shown in Fig. 10, along the optical axis at another position differéntly

fromthe | nﬁgrthégg#t?g@f‘ hgf_h%?t al gaggg LESm%ﬁ\‘i%ttEB’TE‘ng& %ﬁ@i al

position, and no fafse sig IS pro as shown in , Wth respect

to the S.signglcgshscted 1 0sLaCUsLAgAEORLT by ANGNGR PLEKEALL nappECur T ence

of sone di sadvan such™as Ternt that my o enerated by focus

search of thg like Lo e 9Bt GatndlsCoRARRILAL S BpeTRE1 PHRRALTEY!

descri bed abbve represen
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 disc
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

14



exenplary case with the objective | ens 24 enpl oyed as an opti cal Ign i_n
the optical pickup 20 for an optical disc and also in the optical di
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 20,
there are nentioned the structures of an optical disc apparatus and an
optical pickup designed for reproduction of an optical disc. However, it is

obvi ous thaklbhenpr es¢ntintBvat 1e@skstapelel Gabhe lesmst,0 iS@TE ohker opti cal
di sc apparatus and optical pickup which are designed for recordi ng 23 9 2

D E C 2002 aa%oseaﬁpeeﬁlgegbenoef -ERGRALOTARY @ alff@a%eed@ﬁht@n"a\ﬂv and so
forth. Thus, accordlng to the present 1 nvention, it becones “possible to

brovi de an Lipr gygd BQEanal:oinﬁgéeW bl AL Ladhapizagmbyngtigg. and an

optical pickup and an optlca I'sc app ratus usi ng Such™s | ens, "which is

capabl e eli tin e ical..effective surface

t her eof mﬁtﬁ%g IES?S?i gplng ?%hlé a?gé?ﬁr?éY%%§°“2ﬁ emen{ DEC
200 What is Clsined iﬁ- An oEtlca Iensbconﬁ aed of % transparent
material, wABFBiASoRePRLPPLRR FREPEBF BAYaPFi §REIsASr ¥814i 88 is a convex
aspherlcal surface of rotation symmetry defined by a function relative to
the radial 8PREARLEN}FBATaAtopE QPaB}FSOfaﬁﬁogéF&nésﬁﬁe#?ééF $hregce is
shaped to be a curved one w thout any stepped region with regard to the
radi al diredighbh baapfethBEPNARJdaVéE1IoBNAThARea ipoidenl WhehE bgam.
derivatives of said function are discontinuous at a predeterm ned radi al
position. 2. The Jfhe &gan Rl Hee?dF A hols 5@l disPasedhehat nithe difference

between the derivatives at said predeterm ned radial position is smaller
than 0.3. 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 of 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 the 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

15



3. The optical lens according to claim1, wherein said aspherical surface
is given by z = asp(y) ... (Eq. 1) where y is the distance in the radi al
direction of ‘the lens fromthe optical axis, and z is the distance iﬂ@tﬁft 2002
direction of the optical axis. 4. The optical |ens according to clai m®3
wherein said aspherical surface is given by z = asp(y) + f(y - yo) ... (Eq.
2) where yo is the predetermined radius, and y > yo. 5. The optical |ens
according to claiml1, wherein 25 12DEC2~ the light incident on the inner
area within said predeterm ned radial position is focused at a
predeterm ned position on the optical axis of said lens, while the |ight

i nci dent onthéel iyherbasmafresmnohef beamedpl 6ttén 2Pt bnab pi dksprednpri si ng:
a light source for enmtting a |light beam an objective lens for focusing

the light bpageedi tteskfe@mBa dibhght reedreengnpPadeSbangher QF_QithDQ pl ane
of an optical disc; a light split neans di sposed between said Iight source

and sai d objective {§Nsot@foRN optical detector having a |ight receiving
portion to receive a return |light beamsplit by said light split nmeans and

reflected frOﬁlth%Hﬂgyyﬁedg¥yglﬁén% 24 is so held as to be movable

in two axial directions by an unshown biaxial actuator,
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
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 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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pl ane of said optical disc; 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 symetry tgfoietefiidy
a function relative to the radial distance froman optical axis, and said
aspherical surface is shaped to be a curved one wi thout 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 26 1 ~DEC
200g predeterm ned radial position. 7. The optical pickup according to
claim®6, wherein the difference between the derivatives at said

predet er m neder adFaheAOSkERPNbUE SR HEEcbR®Andods 8+ khe optical lens
according to claim®6, wherein said aspherical surface is given by z =
asp(y) ... bEdetirMiREE YahlalNBodiviBcy, | N Heke ! AYRladbiiRhd 1Pl Lhe

|l ens fromtne optical axis, and Is the distance in the direction of the
optical axi The . L cal S,@cC L o.chaim8 i.nssaid
aspheri cal §5r 38e85388?3g§ %%ﬁg gqagg?g??%e%($ hﬁ?ﬁ} FFQQ§E§FQQ§%where yo
is the predeterninﬁd radi.usC agd ﬁ > ﬁo. éo. Tge opgical | ens acgor%ing to
claime, whbEPBIR YRAETFr ghP FRAEFJERE BRIBRELVRN&EPTSr &4 St RPRPESEY ©
predeterm ned radial position (s focused at a. ptedeterm gped. position on the
optical axi 5¥BFSBAFgn eﬂi?sﬁhi%EetﬂgaFFgﬂ?tFﬁ&E eRP & etﬂégagtéPu§F§a is
not focused. ;11. An optical disc apparatus conprising: an objective |lens
for focusin§iael t§nhexpehfPErmitted froma Iight source onto a signal

recordi ng plane of an optical disc; an optical detection neans having a
| i ght receiving 2#@8ince the light rays passing through the defined

area are marginal ones, the predetermined radial position
Y, 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.,
. [dasp(y)] _ [dasp(y)}
d
Y ly—-y, 4 Jy—sy,
(Eq. 4)
becomes
v £ 0.3 ... (Eg. 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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~20EC2002 portion to receive the return light beamreflected fromthe
signal recording plane of the optical disc; an objective lens ergq%ﬁyga@
capabl e of moving said objective lens biaxially; a cal culator for obltaining
a servo signal in response to the signal fromthe |ight receiving portion
of said optical detection neans; and a servo neans for supplying the servo
error signal to said objective lens drive neans: wherein said objective
lens is an optical one conposed of a transparent material, and one surface
t hereof on the |ight source side has a convex aspherical surface of
rotation symmetry defined by a function relative to the radial distance
from an opt whathafbspsasdtheai dighphbeamalats whfeasames pehiapedst ahee a curved
one without any stepped region with regard to the radial direction in the

defined areansafd,haBegepgr theninbedenttha iden Balaivds olbots Fodulswdcionon ar e
di sconti nuous at a predeterm ned radial position. 12. The optical disc

appar at us agger digdalioretairAihd, paaeeoF R PRLicGAl diges 1i1s so fornmed
that the light inCident on the inner area within said predeterm ned radi al

it ot . . . Lol di h
position is focusegl. fhgiﬁnq&rggggédE@%EgggggFg%ﬂgg%?gﬁg&igg_ isc on the

optical axis of said ens, Wwhile I nci dent on the

outer area hssitiadl ot edio Aupanidion eRECSH;aBELIe! 1R 1DE SRCBhePOINE on

said signal “recordi ng’pla

A A5 5. 0y e BV LR ALNCADK ALY ARG A ) SR R Tl R AT
37v: KVt sOS2 zupkf a\ T
]c;]ca]CZ]cﬁﬁggfggpggﬁgh§gg§ggﬁfi;U?LgfiggbfggfggfgLﬁg}ga]ca]ca]ca]ca]ca]ca

z = asp(y) + £(y - vo) ... (Eq. 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) + (¥ - ¥o) *+ P(Y - ¥)° ... (Eq. 7)

(where p and g are small constants)

In the above, small constants p and q 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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embodiment, the tracking error signal is detected on the
basis of the return light which is reflected from the
optical disc 11 and is composed of the plus first-order
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
perform 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 lens 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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not focused at the position spaced apart by the fixed

distance along the optical axis, i.e., on the signal

recording plane of the optical disc, since the derivative

of the aspherical surface shape is discontinuous with the

derivative of the inner shape, so that the outer incident

light reaches 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 the 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 eventually

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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Particularly when the difference between the
derivatives at the predetermined radial position is less
than 0.3, it is possible to achieve more effective
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 beam 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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incident inside the predetermined radial position, and no
false signal is produced, as shown in Fig. 5, with
respect to the S-signal detected 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
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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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What is Claimed is:

1. An optical lens composed of a transparent
material, wherein one surface thereof on a light source
side is 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 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

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.

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

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

5. The optical lens according to claim 1, wherein
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10 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.
6. An optical pickup comprising:
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 optical 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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10LIv9"10%& ()- 7. The optical pickup according to claim 6,
wherein the difference between the derivatives at said
predetermined radial position is smaller than 0.3.
8. The optical lens according to claim 6, wherein
said aspherical surface is given by
z = asp(y) ... (Eq. 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 - ¥,) --- (Eq. 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 lemns,
while the light incident on the outer area is not focused.
11. 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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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
said objective lens biaxially;
a calculator for obtaining a servo signal in
response to the signal from the light receiving portion
of said 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 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.
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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position spaced apart from the focal point on said signal

recording plane.

29



