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LENS DEVI CE AND AN OPTI CAL PI CKUP APPARATUS
USI NG THE LENS DEVI CE Technical Field .5 The present

I nvention rel at | ens device and nethod of maki ng sane, od
of obtaining a §@%%ﬁ@ayocus servo signal, an optical pickup ad&ﬁ??ﬂgm@ﬁ%p
sanme, a nethod of discrimnating discs having different thicknesses and a
met hod of reproducing/recording information fronmfonto the discs. 10

Background Art LENS @EVICE AND AN ORTIOALS PRORUPCAPPARATUS

I nformati on such as video or auﬂéﬁémont o/from recordi ng nedi a,
e.g., discs (or disks). A disc has a VIGE an

i nformati on-recorded surface is forned on a substrate. For exanple, the
substrate can be made of plastic or glass. In order to read or write

i nformation 15 frohgchnigalgfieMensity disc, the dianeter of the optical spot

nust b'e very smakl. TO he present invention relates to a lens device and method of making same,
a method of obtaining a stable focus servo signal, an optical pickup adopting the
same, a method of discriminating discs having different thicknesses and a method
of reproducing/recording information from/onto the discs.

10  Background At
An optical pickup records and reproduces infom_mion such as video or
audio data onto/from recording media, e.g., discs (or disks). A disc has a structure
that an information-recorded surface is formed on a substrate. For example, the
substrate can be made of plastic or glass. In order to read or write information
15 from a high-density disc, the diameter of the optical spot must be very small. To
this end, the numerical aperture of an objective lens is generally made large and a
light source having a shorter wavelength is used. However, in case of using the
shorter wavelength light source, a tilt allowance of the disc with respect to optical
axis is reduced. The thus-reduced disc tilt allowance can be increased by reducing
20  the thickness of the disc. | |
Assuming that the tilt angle of the disc is 6, the magnitude of a coma
aberration coéfficient W, can be obtained from:
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where d and n represent the thickness and refractive index of the disc, respectively.

. As understood from the above relationship, the coma aberration coefficient is
25 proportional to the cube of the numerical aperture (NA). Therefore, considering
. thar the NA of the objective lens required for a conventional compact disc (CD) is

0.45 and that for a conventional digital video disc or digital versatile disc (DVD)
is 0.6 (to accommodate the higher information density), the DVD has a coma



this end, the numerical aperture df an objective lens is generally nade

| arge and a l'ight source having a shorter wavelength is used. However,
in case of using the shorter wavel ength light source, a tilt allowance
of the disc with respect to opti cal axis is redUCﬁd. Ehekthus-rfduEed
disc tilt allowance can be increased by reducing 20 the thickness of the
di sc. “@Qﬁﬂﬂﬁ%ﬂ)that the tilt angle of the disc is | /A S0
magni tude of a conm aberration coefficient W81 can be obtained from
[err] where d and n represent the t hi cknegs and refractlve i ndex of
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has a coma :

5 reduced.

However, such a thickness-reduced disc adopting a shorter wavelength (high
density) light source, e.g., a DVD, cannot be used in a recording/reproducing
apparatus such as a disc drive for the conventional CDs adopting a longer

~ wavelength light source because a disc baving an non-standard thickness is

10  influenced by a spherical aberration to a degree corresponding to the difference in
disc thickness from that of a normal disc. If the spherical aberration is extremely
increased, the spot formed on the disc cannot have the light intensity needed for
recording information, which prevents the information from being recorded
precisely. Also, during reproduction of the information, the signal-to-noise (S/N)

15 ratio is to0 low to reproduce the recorded information exactly.

Therefore, an optical pickup adopting a light source having a short
wavelength, e.g., 650nm, which is compatible for discs having different
thicknesses, such as a2 CD or a DVD, is necessary.

For this purpose, research into apparatuses capable of recording/reproducing

20 information on either of two disc types having different thicknesses with a single
optical pickup device and adopting a shorter wavelength light source is under
progress. Lens devices adopting a combination of a hologram lens and a refractive
lens have been proposed in, for example, Japanese Patent Laxd-Open Publication
No. Hei 7-98431. _

25 - FIGS. 1 and 2 show the focusing of zero-order and first-order-diffracted
light onto discs 3a and 3b having different thicknesses, respectively. In each
figure, a hologram lens 1, provided with a pattern 11, and a refractive objective
lens 2 are provided along the light path in front of discs 3a and 3b. The pattern
11 diffracts a light beam 4 from a light source (not shown) passing through

30 hologram lens 1, to thereby separate the passing light into first-order-diffracted

" light 41 and zero-order light 40 each of which is focused to a different point on the
- optical axis with a different intensity by the objective lens 2. The two different
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aberration coefficient of about 2.34 tinmes that of the CD having the sane

t hi ckness for a given tilt angle. Thus, the maxinumtilt allowance of
the DD is red to about hal f- t hat of t he conventiona der
to conforn1theqﬁ§g7@mﬁﬁtilt al l owance of the DVD to thatkgﬁmyﬁgagﬁg
the thickness d of the DVD could be 5 reduced. _ However, such a
thickness-reduced di sc adopting a shorter wavél ength (high density)

light source, afogaI?XBas” e ?JSP%?) &%cds o?nt&‘éﬁ‘&{e%@s&ﬂér%&rs‘%%'

appar at us such as e conv ntlona pting a onger
wavel engt h |ight sadisec3a, bsspecmel)aand thus femeble glawnreadiwrité apetatichst witl kespect to s

10 influenced by a ?@@erlc ﬁfég‘g a |on to a degree corresponding to the

di fference in ayine ¥Hat of a normal disc. If the:
spherical aberration lsmweve:rmimsmg such & {ehs systsh, méeepambnfop b o
di sc cannot have_the |i intensity needed for ing i n ormati on,
whi ch prevents tfe l?eﬁPé? i s ero Qden AR figstiardes Light) by theh?jpg:rgng 1 lomezsothe
during reproducti ongfifidsbendidcd o Sfa 'Fﬂ'ﬁﬁ rabi o
is too low to reproduce thélregogg{eé‘ %%Sl on exact t@e'\?ifﬁ]aéted e
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pur pose, r esear ch iteam mmaca‘mngno tafpritiond likely oo Ye d@éanaisOnbice. Morddver,

i nformati on on gi tﬁf) &l SC t s ha g‘eg‘h&%gentp&ﬁg‘%@;nes%&sm\/gg% a
single opti ko

source is under etclﬁﬁg)ﬂfﬁﬁﬁolobﬁﬂﬁpﬁﬁi‘n C»ﬂﬁclﬁiﬁé?ﬁahéﬂnﬁmfa@ﬂhh@%&t?” of a

hol ogram | ens and a refractive
FIG. 3 is a schematic diagram of another conventional opncal pickup device
as disclosed in U.S. Patent No. 5,281,797. This optical pick-up device includes
a variable diaphragm 1a for varying the aperture diameter, so that data can be
15 recorded onto a longer wavelength disc as well as a shorter wavelength disc, but
'with the discs having the same thickness, and information can be reproduced
therefrom. The variable diaphragm 1a is installed between the objective lens 2 and
a collimating lens 5. The variable diaphragm 1a controls a beam 4 emitted from
a light source 9 and transmitted through a beam splitter 6, by appropriately
- 20 adjusting the area of the beam passing region, i.e., the numerical aperture (NA).
The diametral aperture of the variable diaphragm 1a is adjusted in accordance with
the spot size required by the disc to be used and always passes the annular beam
4a oi' the central region but selectively passes or blocks the beam 4b of the
peripheral region. In FIG. 3, a reference numeral 7 denotes a focusing lens and
25 a reference numeral 8 denotes a photodetector.
In the optical device having the above configuration, if the variable
diaphragm is formed by a mechanical diaphragm, its structural resonance
- : characteristics change depending on the effective aperture of the diaphragm. The
installation of the diaphragm onto an actuator for driving the objective lens becomes
30 difficult in practice. To solve this problem, liquid crysials may be used for
forming the diaphragm. This, however, greatly impedes the miniaturization of the
system, deteriorates heat-resistance aﬁd endurance and increases manufacturing



| ens’ have been proposed in, for exanple, Japanese Patent Laid-Open

Publ i cati on No. Hei 7-98431. 25 FIGS. 1 and 2 show the focusing -
of zero-order and first-order-diffracted light onto discs 3a and 3b
having different thicknesses, respectively. In each figure, a hol ogram

lens 1, provided with a pattern 11, and a refractive objectiv 2
are provi ded aI‘Uﬁ@”?ﬁ%‘ light path in front of discs 3a and 3ba’cme gg'tﬁ{%rn
11 diffracts a light beam4 froma |ight sourcg (not shown) passing through

30 hologramlens 1, to thereby separate the passing light into
first-order-diffracted i ght 41 and zero-order light 40 each of which
is focused to a different point on the optical axis with a different
intensity by the obj ect i Anotherrappfach iscdisclosed iif lbSe Ratent 5,496,995 08/ igdeed, a
PCT/ KR96/ 00150 focal

points are the apprBjAse BlF Mﬁdﬁ%?r‘@tW?ﬁénf’megﬁ\éerkﬁﬁ'smgh@ﬁ@%gﬂm

thi nner - disc 8 ah®Seofd light sourdies of AifferémtoptaSesOAti tHal Ak 2hplitedes of the
operations with respect to di scs having different thicknesses.

Hoviever , 1 usi ng simalcsides of agpun dehe ofiin A of the s gt urae e caivelied b
the amplitude of the main lobe of an image of the second light source by
superimposition. In one embodiment, annmular opaque rings separate grooves of
different depths, the grooves providing the phase difference. A problem inherent
to this approach is the need to carefully control the groove depth and light

10 amplitudes, for example, to create the proper phase change and lobe cancellation.

Alternatively, a separate objective lens for each disc may be provided so
that a specific objective lens is used for a specific disc. In thxs case, however,
since a driving apparaﬁm is needed for changing lenses, the configuration becomes
complex and the manufacturing cost ihcreases accordingly.

.15 '
Disclosure of the Invention
- Tt is an object of the present invention to provide a lens device which is
inexpensive and easily fabricated, a method of obtaining a stable focus servo signal,
an optical pickup adopting the same, a method of discriminating discs having
20 different ;hicerésses and a method for reproducing/recording information from/onto '
the discs. '

It is another object of the present .invention to provide an objective lens
whose light utilizing efficiency is enhanced and which can form aberration-reduced
spots, a method of obtaining a stable focus servo signal, an optical pickup adopting

25 the same and a method for reproducing/recording information from/onto the discs.

To accomplish the above objects, there is provided lens device including a
lens focussing light' into a focal zone and haviﬂg a predetermined effective
diameter; and light controlling means provided in a light path of the lens for
preventing light in an intermediate axial region of the light path from reaching the _

30 focal zone, the intermediate axial region being located between 2 near axial region
which includes a center of the light path and a far axial region located radially
outward from the intermediate region, the light controlling means permitting light



5 beans (i.e., the zero or-der and first order light) by the hol ogram | ens

1: owers the utilizing efficiency of the actually used (reflected and
partially twice diffracted, 1st order) light to about 15% Al so,
during the .read operation, since the information is riding on one of
the beans while the other beamis carrying no information, the beam

that is carryi nWHY % ornation is likely to be detected as noFSE/KR6/0150
Moreover, 10 the fabrication of such a hol oggam | ens requires a
hi gh-preci sion process used in - et chi ng a~fine hol ogram pattern, which

I ncreases manuf actur | S.a,.S tic diagram
of anot her conventi ona ogfl cafarﬁ?%:?af fcl'gﬂlglg thh% ?‘@F?B‘faggg?f in US. _
Patent No. 5,281, 797. Thmsoomuoecnhgmaﬂoﬂupa@ewdr@dmeédadﬁsemon, ther® i¥ providled €

di aphragm |l a for var he a erture di aneter, so that data can be " 15
recorded onto a Iongé DI ORVIEE COMPHSIRGE| | as a shorter wavel ength
di sc, but W th thegadightsonp@yi Ng the sane thickness, and information
can be r epr oduced therefrom The variable di aphragm la is installed

bet ween the objedtive | easobjectivg lensprOVldcd@dﬁngaranghlfmthEllgﬁfEumm@édmg
di aphragm | a control 0 9
transnitted through @hﬁ%ﬁéﬁqg&ﬂﬁ% ?{geébj%% % 6?)?’“8% ggiétl @E’ az?? gfd%ﬂ @Pﬁ?ﬁ@“’%é
area of the beam pawdegrmngdeffectiveehamétéleaﬂwnerl cal aperture (NA).
The di anetral apertureo he var. abl e d|a mla, is adjusted in
accordance with L‘g@;ﬁ’fm@iﬁ ?”'fhﬁé‘gm Rth phthedensfarprayemting
al ways passes the allighiﬁrwﬂﬁ&ﬁedlawmﬂﬁegﬁnbh&eqwbﬂhﬁ&gkéﬁﬂmhghmf alzone
pher a

sel ectively passes or bl ocks the beam 4b of the . peri regi on.

FIG 3, a refereHte i Hisraedintejaxia); region being, docated| memu negrs axial mgioarwhlch

DT, e hoveco RABESSRERE O p, SR e AR S
by a mechanical di aftonnihe mer@e@@mmglonatherhgmnanmﬂlmg meansC pexnmiting Tight incthe
o) CePenc, e RO o 08 il B R "5 et e
l'ens beconmes 30 difficuldo, iancordimgttocstill aiotieolaspect lof shepprebint ihvention)i tere is
cr yst als may be fbse%rgv%ed a method for reproducing information from at least two discs having
different thicknesses, comprising the steps of:
providing an objective lens for focussing light in a light path into a focal
zone;
preventing light in an intermediate axial region of the light path from
20 reaching the focal zone, the intermediate axial region being ocated between a near
axial region which includes a center of the light path aﬁd a far axial region iocated
radially outward from the intermediate region;
permitting light in the near and far regions of the light path to reach the
focal zone;
25 placing one of the at least two discs having different thicknesses in the focal
zone;
converting light in the near and far axial regions which is reflected from the
. disc into electric signals in an inner photodetector and in a outer photodetector
surrounding the inner photodetector; '
30 using electric signals corresponding to both near and far axial regions
converted in both the inner and outer photodetector when the light is reflected from
a relatively thin disc; and



form ng the di aphragm This, however, greatly inpedes the miniaturization

of the system deteriorates heat-resistance and endurance and

i ncreases manufacturing WO 97/ 08691
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costs. , Anot her approach is disclosed in U S. Pate hﬁ 5.
As di scl osed, aW°97’°mﬂhase plate in placed in a light path ofggﬁ 0 ?‘glgéblgve
| ens. The phase plate creates first and s6econd | i ght sources of

di fferent phases such that the anplitudes of the 5 Jlateral sides of a
mai n | obe of an inmage of | | ] Iﬁ%zga{ue!zrg? TN :
anplitude of the main | obﬁg fé%cﬁﬁt} #g‘é‘épg?&%g‘é secon %ﬁt&g%ﬁ%%veg?dmbm9
S;Jperi npozi Hon. {ndm:irﬁmnb?ﬁtbdﬂmmr M&iig@daqeikﬁtﬁdﬁsnaaggﬁrdﬁﬂ@pmﬁs
0 i fferent depths r.ooves. provi di e _phas i fference.
probl em i nherent _ toA{s?\’i ‘sﬂ‘gdﬁi’ﬁ’é{b"r‘? 0y %‘i]ﬂ’ééac%@“%gﬁg‘f"&ﬁ% og&ﬁfepgltwo
the groove depth anddiséstaving WiffereffthickiistSis, corfprising2hBlsps bR Create the
proper phase change and | obe cancel | ati on. Al ternatively, a

separate objectiv® | ens fRpvidingrandjobiective yensdor, fasyssingdlight in a light pathintg a focal
specific objective | .is used for a specific disc. In this case, however,
since a driving apparatus is needed for changing | enses, the configuration
becones placing one of the at least two discs having different thicknesses in the focal

zone;
preventing light in an intermediate axial region of the light path from
10 reaching the focal zone, the intermediate axial region being located between a near
aixial region which mcludes a center of the light path and a far axial fegion located
radially outward from the intermediate region; and '
permitting light in the near and far regions of the light path to reach the
focal zone . |
15 Further, there is provided a method for discriminating discs having different
thicknesses, comprising the-steps of:
providing an objective lens for focussing light in a light path into a focal
zone; . '
preventing light in an intermediate axial region of the light path from
20 reaching the focal zone, the intermediate axial region being located between a near
axial region which includes a center of the light path and a far axial region located
radially outward from the intermediate region; '
| permitting light in the near and far regions of the light path to reach the
focal zone; ' _
25 placing one of the at least two discs having different thicknesses in the focal
zone;
converting light in the near and far axial regions and reflected from the disc
into electric signals using a quadrant photodetector;
obtainirig at least one of a sum signal and a focus error signal from the
30 quadrant photodetector by increasing and decreasing focus current controlling an
axial position of the objective lens a predetermined number of times;
comparing the at least one of the sum signal and the focus error signal with



conpi ex and the manufacturing cost increases accordingly. 15

- Di sclosure of the Invention It is an object of the present

~invention to provide a | ens device which is i nexpensi ve and easily

- fabricated, a nethod of obtaining a stable focus servo signal, an
optical pickup adopting the sane, a nethod of discrimnating dj &y@éﬁﬁﬂﬂ
20 different thﬁgkﬁégg s and a nethod for reproducing/recordingéfn ormation
fromonto t he “di scs. It isganother object of the
present invention to provide an objective |ens whose light utilizing
efficiency is enhan n%i’[ﬂ:'b @gnggg ; L an- s educed spot s,
a net hod of obtainiﬁgﬂgﬁg@% eggggus S P@%ﬁgﬁg%a #agﬁ’optical pi ckup

adopting 25 the sane adetepmininglthed theodiso ie thin dfithe agleast one df thg sumfsignabandahe
fromonto the discs. omal s ¢ To %méﬁghfthe abaxve obj ects, there
i s provided | ens deVPEE STRE FigHH! 1Y Bipater TRTENESYANF: 1 i ght into a
focal zone and having a pomffingthe Mdeasebiecslithey/ Sum signal and e fetwy érrcrtibnhl With
controlling neans_provided In a li pat.h of the lens

i gh f
preventing light ¥n aawwnﬁltrsfemxélgetykwhns sragfles thagyths ﬁ@tgéfwep%w only if the
! e 900 Fo 2 , . . . g
berwoen_a ne ol 2 o Ofttﬂgs%lgcﬁ |nc: uggeéisa ce% nlsl%ﬁiaﬁlgr P‘?‘gﬁfﬁég‘éﬁ‘h

bet ween a near axial region nter of t
and a far axial regireferdnoe alue] anddi al ly outward fromthe internediate

region, the [ight contr Oldlefernnqimrﬁ%%% ﬂ?ee(fisrg i Eﬂu':]cgiflﬂllegaqtleast one of the sum signal and the
fdcus error signal is greater than the second reference value.
10 Additionally, there is provided a method for manufacturing a lens
comprising the steps of: _ ' |
providing a first mold part having a lens surface pattern on an inside surface
of the first mold part; '
forming an intermediate axial region in the lens surface pattern, the
15 intermediate axial region being located between a near axial region which includes
a center of the lens and a far axial region located radially outward from the
intermediate region, the intermediate axial region for preventing light incident onto
the intefmediate region of a molded lens from reaching a focal region of the
molded lens;
20 pro'vidiné a second mold part corresponding to the first mold part;
placing lens material between the first and second mold parts; and
forming the lens having an intermediate portion between the first and second
mold parts.
Also, there is pfovided a lens mold for forming a lens, the lens configured
25 to focus light into a focal zone, the lens mold comprising:
a first mold part for forming one surface of the lens and having a lens
surface pattern on an inside surface of the first mold part,
y the lens surface pattern including an imtermediate axial region located
~ between a near axial region which includes a center of the lens and a far axial
30 region located radially outward from the intermediate region, the intermediate axial
fegion including at least a surface irregularity of a predetermined pattern, the
surface irregularity'forming a light controlling means in the lens for permitting light
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* the near and far regions of the light path to reach the focal zone.

Al so, according to another aspect of the present invention, there is

provi ded an optical pickup device conprising: '

sour ce; 5 WO 97868 obj ective | ens provided along a |ight 5(5{1%1(#&!@%0,[ he
| i ght source projecting light onto a di S§ t he objective | ens
focussing light into a focal zone and having a pr edet er mi ned

effective dianeter, ng@?ré%sgo?dgrrlg near and' P {refions rtff: éi ?thnﬁﬁﬂ,s_bﬁf Rt Al iR a

the light path of t preventi ng ht™1'n"an internedl ate
axi al region of thecdrregpending inteimediatecagion 10§ theétightopath, toaeach a faral zdve of the

i nt er medi ate axi al kggiﬁ@g bei ng | ocated between a near axial region which

I ncl udes a center ort light path and a far axial region |located radially.

out war d - fromthe i ntQbnEHioR fart £ fofming A8 dppSéihg GEHCE OF tHeBndTEaNS
permtting light in the near” and far regions of the light path to
reach the focal Zone. Al so, according to still another aspect
of the present invegliOBestiBfiEof e Drawings Vi ded a method for reproducing
I nformation from at di fferent thicknesses,

conprising the steps of :FIGS. 1 and 2 are sphamatidi diggrams aifj eeconventidnahepticat pickup

f i 1ight i .i ght . i f | . : . .
o Cvent o o T Geibel vt Rovapiath 8, S55tine the srefeiiiors g dieht bgam s fosmsed

reaching the focal gmpe thindisd Mided thik dike; réspedrively@gi on bei ng | ocat ed

bet ween a near axi al region which includes a center of the Iight path
and a far axial ¥egion | BIGyt 24s a schematic diagram of another conventional optical pickup
device;

FIGS. 4 and 5 show the states where a light beam is being focused onto a
thin disc and a thick disc, respectively, by a common objective lens without using
a hologram lens;

15 FIG. 6A is a graph showing the change in spot sizes in cases when an
objective lens according to the present invention is adopted and is not adopted, and
FIG. 6B is an enlarged view of a part "A" shown in FIG. 6A;

FIG. 7A is a schematic diagram of an optical pickup according to the

present invention showing the states where a light beam is being focused ‘onto two
20  discs of different thicknesses, and FIGS. 7B and 7C are enlarged views of the focal
points shown in FIG. 7A for thin discs and thick discs, respectively;

FIG. 8 is a perspective view of an objective lens of the optical pickup shown
in FIG. 7A, according to the present inventimi; |

FIG. 9 is a schematic diagram of an objective lens according to an

25 embodiment of the present invention adopted for the optical pickup shown in FIG.
7A, showing a state where a light beam is being focused onto 2 disc;

FIG. 10Ais a sectiqn view of an objective lens having a light controlling
film on the surface thereof, according to another embodiment of the present
invention; FIG. 10B is a section view of an objective lens according to still

30 another embodiment of the present invention;
' FIG. 11 is a plan view of an objective lens having a square light control
groove, according to another embodiment of the present invention;



radially outward fromthe intermediate region; : permtting
light in the near and far regions of the light path to reach the

focal zone; 25 pl aci ng one of the at |east two discs having

di fferent thicknesses in the focal zone; converting
light in the near and far axial regions which is reflected fr

di gc into el ect M8 al s in an igner phot odet ect or and in a%’g?%mmsﬁ
phot odet ect or surroundi ng the inner photgdetector; 30 usi ng
el ectric signals corresponding to both near and far axial regions

converted in both the in . ecd ar - -
reflected from a rgﬁgt?%lling@%n & otjRE0e ie@%a@%%@iamther

PCT/ KR96/ 00150 embodiment of the present invention, showing a state where a light @ being focused
using electric signals cqrrespqgndi to near axial tegipn converted in anly
the Tnoer  phot odet o5 & (ifer a0 1ARS b ERPEMRERTAL YT o O 08 porordife &
di sc. _ to still another embodiment of the present invention;

. 5 FIG. 13 is a perspective view of the objective lens shown in FIG. 12A;

FIGS. 14A and 14B are a plan view and a partially enlarged view,
respectively, of the objective lens shown in FIG. 12A;

FIG. 15A is a side view of a mold for manufacturing an objective lens
according to an embodiment of the present invention, FIG. 15B is a plan view

10 showing the inside of the lower frame of the mold shown in FIG. 15A, FIG. 15C
is a side view of a mold for manufacturing an objective lens according to another
embodiment of the present invention, F_IG. 15D is a plan view showing the inside
of the lower frame of the mold shown in FIG. 15C, FIGS. 15E through 15G are
enlarged view of a portion K shown in FIG. 15C, illustrating various embodiments

- 15 of the present invention, FIG. 15H and 15I show a manufacturing process of an
objective lens according to the present invention, and FIG. 15] is a side view of the
objective lens manufactured by the processes shown in FIGS. 15H and 15I;

FIG. 16 is a plan view of an objective lens according to still another
embodiment of the present invention;

20 FIGS. 17 and 18 are schematic diagrams of an objective lens according to
still yet another embodiment of the present invention, showing states where a light
beam is being focused by a plane lens onto two discs of different thicknesses,
respectively; .

FIGS. 19 and 20 are three-dimensional plots showing the states where the

25 light is focused onto a thick disc and a thin disc, respectively, by the lens device
according to the present invention;

FIGS. 21 and 22 are plan views of each photodetector in the case of using
. a thick disc and a thin disc in the optical pickup according to the present invention,
" showing the states where light is incident to the photodetector from a 1.2mm disc

30 and from a 0.6mm disc, respectively; _

FIG. 23 is a plan view of an eight-segment photodetector adopted for the
optical pickup according to the present invention;



Also,; there is provided a nethod for recording information on at |east two

di.,scs having different thicknesses, conprising the steps of: 5
provi ding an objective lens for focussing light in a light path into a
f ocal zone; pl aci ng one of the at |east two discs

havi ng different_thicknesses in the focal . zone,
preventing |ight WO nt er nedi at e axi al region of the light d’é{fﬁ“‘?’r"ams"lo
reaching the focal zone, the internediate axi ah regi on being | ocated.

bet ween a near axi al region which includes a center of the |ight
path and a far axial regigpgs 2426SHhd 27-29 are; WY s Rw'ﬁ? ! .
i nter medi ate region; and pe%pwfl ﬁé ?l ght lﬁ%? 1'%lzﬂfaa'g*oar

regions of the Ii ght fosemed, on ther Q;dlﬂ‘segment photodetedtor; dly ancobgective lens position relative -

Further, there is pr r di scrimnating discs having
di f f er ent t hi %@g{g‘gc %ﬁﬁp ehofixG TPipEC té‘{a?'ps of :

provi ding an objective | eFIG.f 80 éuawsmengodusghm@ bedisederoht e | ApR-Rement
f ocal zone; preventing light in an internediale aEma?

region of the Ilgﬁt B‘&‘W@eﬁ@ﬁﬁh"!(}lm%@hg the focal zone, the
I nternmedi ate axi al regi orrf-]@; @ﬁﬁ axi al i
whi ch includes a center o t'hgqf%%gf%%ﬁ]%&gtﬁ ar gTﬂ?JWﬁl%@éﬁ&&%g
radi al |y outward froby tiee photodetectosi int the rapgicainpickup accordlng to the Preseiit! inkéntion
light in the near an of t ath to reach the
focal zone; gd(’pﬁ%q gqgﬁgcsglﬁgmgffﬁﬂgmiﬂq{&;ﬁs two di scs: havi ng
di fferent thi cknesses in m3ﬁd§ﬁ|ﬂowchart sho%@RE the sequence of driving fRDpREAT fickup
light in the near .and far axi i ons and refl ec edfromthe dISC
into electric si &Ral ?@Wéﬁﬁ HVeROR: odet ect or ;
FIG. 33 shows the position where the focus signal is generated in a current-
versus-time graph depending on the focus current variatio:i, in the flowchart of
FIG. 32;
FIGS. 34 and 35 are current-versus-time graphs comparing the focus signal -
15 with the first and second reference values used in the flowchart of FIG. 32,
respectively; and
FIG. 36 is a block diagram of a digital equalizer used in the optical pickup
: accordmg to the present invention.

20 Best mode for carrying out the Invention

In the present invention, the light in an intermediate region around an axis
in tt.1e center of a light travelling path is blocked or shielded. The intermediate
region is located between a region near the axis ("near axial region"j and a region
farther from the axis ("far axial region”). Blocking the light in the intermediate

25 region permits the light from the near and far axes regions to form a small light

spot while minimizing side lobes around the light spot formed in a focal zone of the

_lens by suppressing interference of light otherwise present in the intermediate
region. a | _

Here, the near axis region represents the region around the central axis of .

30 the lens (i.e., the optical axis) having a substantially negligible aberration and
focussing on a region adjacent to the paraxial focal point. The far axis region
represents the region which is relatively farther from the optical axis than the near
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controlling an
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axial position of the objective lens a predeternined
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t he f ocus err

ue corresponding to a thin gisc;
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. Qi i : fir | :
conparing the at | eg{sl% %(E)%gﬂ‘l)apht ogrﬁgaatm?cgﬁu%%& ogﬁ"{éﬁ]%é#%éﬁefs%é?g%ﬁ iq%a :I The

wth 5 a second r
value only if the
signal-is smaller t

intermediate regionds \the ndgionsbatwednl die hdanaxishegiohrantl the ffar sxice
. at least one of the sumsignal and the focus error
&P he first ref erence val ue; and

determining that the di sAltérgatelf] & hedr axid'Rgitin dnfaStar Q88 réfiod B He/dRfitied B the
and the focus error signal is greater than the second reference

val ue.» 10

hegation ymount dn @ thigk disey iAdeebjertive dems amisbhave very small

manufacturing a | eNgmount of optical aberration (e.g., spherical aberration, coma, distortion, etc.).

.10

15

Generally, an objective lens should have average aberration below around 0.04\
(where A denotes the wavelength of light transmitted to the lens) in order to use in
an optical pickup device. An objective lens having optical aberration greater than
0.07A is considered as unacceptable for use in an optical pickup device. As the
thickness of the disc increases, the optical aberration increases. Thus, if the
objective lens having optical aberration below 0.04\ is used for a pre-defined or
thin disc (e.g., DVD), it produces a large amount of optical aberration (mainly
spherical aberration) for a thicker disc (e.g., CD).

Furthermore, the unwanted peripheral light (B) shown in FIG. 5 occurs

* where the optical aberration is between 0.04\ and 0.07\. In order to compensate

20

25

30

the large optical aberration in a thick disc, the near axis region is defined where the
optical aberration is below 0.04\. And, the far axis region is defined where the
optical aberration is greater than 0.07\. Thus, the intermediate region is defined
between 0.04\ and 0.07A to suppress the interference occurred by the spherical
aberration. More explanation of FIG. 5 is provided below.

To this end, in the intermediate region between the near axis and the far
axis regions along the incident Light path, there is provided light controlling means
of an annular shape or a pdlygonal shape such as a square shape for blocking or
scattering light. This invention utilizes the fact that the light of the far axis region
does not affect the central light portion of the light spot but the light of the
intermediate region between the near axis and the far axis does.

FIG. 4 shows a state where a light ha\}ing a wavelength of 650nm is focused
onto a disc having a thickness of 0.6+0.1mm and a refractive index of 1.5 by an
objective lens having a refractive index of 1.505. As shown, the light spot has a
diameter of 0.85um at a point of 1/¢* (~13% of the light intensity).

FIG. 5 shows a state where a light is focused onto a disc having a thickness



conprising the steps of: providing a first nold part having a
| ens. surface pattern on an inside surface of the first nold part;
formng an intermediate axial region in the lens surface pattern, the 15

i nternmedi ate axial region being | ocated between a near axial region which

I ncl udes a center of the lens and a far axial region | ocg&g@%'&ﬁl ly
outward from t WO ht o npdi at e region, the internedi ate axral region
for preventing light incident onto the ipgernediate region of a

nol ded | ens fromreaching a focal region of the nol ded | ens; 20

providing a second rghh painnfaider BRABME Condifiors8 aﬁb\VeStRé?&*ﬂgWFIG 5, the light
placing lens material between the first and second nold parts; and

formng the |ens hahespohrivhich baswdiameter gums iorelasivelydocusedin & contral parti(A) but
second nold p Egﬁg’

for formng a | ens, q{ﬂ%Fenssedcl%ﬁ recfﬁs?%’t ﬁ{nghihghgﬁﬁ%ﬁ dl‘}eocal
zone, the lens nol d(B))Imﬁl-aDIigﬂlat of_the central parta(m‘)J r This ﬂmbetamrmeflrght whichi isg
one surface of th l.ens and havin ens sur e ttern on.an .,

i nsi de surface of tH’é"l §’Pt°r?01°§1°g‘afg’f an optical axis 13 ﬂ?ﬁ%‘ﬂf@)@%@éwmm»
pattern including anpd §dREd'BIOWRICE depends oﬁaﬁfaanlcﬁmﬁnesm bet ween a
near axial region whichncludes a center of the lens and a far axial 30

region located radially dstdessribed sbone; the light w&mﬂ@nmetgxcbmscmhbrgerthanthat
i nt er nedi at e axi al d of ggﬁg%&ng}m 2%8%o tﬁ@?ﬁ % | rmgu %
I ght

of a predeterm ned pa ern, surtace |rreuar| ormnga
controlling neans i ri_lghhmcicbmsoﬂtma fare axis regiony ile. ghtreglon relanvely far from the optical

10 axis, is focused onto an area different (surrounding) from the optical axis and is
scattered, the light of the far axis region does not affect the focusing of the light
spot of the central part (A). However, as described above, since the light present
between the near axis and the far axis interferes with the focusing of the light of
the near axis, the amount of the peripheral light (B) of the focused light becomes
15 greater. In other words, the light in the intermediate region between the near axis
region and the far axis region experiences interference when the present invention
is not employed, so that peripheral light beams (B) are generated around the central
lighi beam (A), as shown in FIG. 5. Such peripheral light beams generally have
about 6 ~7% intensity of the central light beam, thereby increasing jitter during
. 20 light detection and thus making accurate data recording and reproduction difficult. |
FIG. 6A shows graphs (a) through (d) illustrating the change in the light
spot sizes in c_:aées when the light controlling means according to the present
invention is adopted and is not adopted. In FIG 6A, graphs (b) and (c) are
obtained when the light controlling means is adopted and graph# (a) and (d) are
25 obtained when the light controlling means is not adopted. At this time, an objective
lens having a numerical aperture of 0.6 and .an effective radius of 2mm is used.
As an example of the light controlling means for blocking or scattering the light,
an annular shaped light controlling film having a central height of 1.4mm from the
optical axis and a width of 0.25mm is adopted. ._
30 Under the above conditions, graphs (c) and (d) are curves showing the
change in light spot sizes in case of adopting a 0.6mm disc and graphs (2) and (b)
are ones in case of adopting a 1.2mm disc. Here, graphs (b) and (c) show the: spot
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I n corresponding near and far regions of a light path, but not light in a
corresponding internediate region of the light path, to reach a focal zone

of the | ens; and "a second nold part for formng an
opposi ng surface of the |ens. 5 Brief Description of t %5’&%0 S
FIGS. 1 and 2 aMN®Y®¥atic di agrans of a conventi onal opticali;kgfc up 1S

devi ce having a hol ogram | ens, showi ng the st aj£s where a |ight beamis
f ocused onto a thin disc and a thick discC, respectively; 10

FIG 3 is a schemati t%g&géﬁl gﬁegﬁle : ' optical pickup

devi ce; s'?_a[ . ?A‘%B o%ﬁ§wg&g‘t%§9%ag&) efre a light beamis

bei ng focused onto a It ist umidersthod chatritie diffenenck inlispat, sizecatrentralvortion BX" @f
common objective le iL.hout . USin . hol ogram | ens; . 1 G
6A 15 a gr aph Shovi Gk " QLTS FrPendiRe o the reeice 4t 654hi5.pf 1B light controling
obj ective | ens accorfiliéh h @adeh6f fopifh 0.60ANdikEON However) th€ izt 4 portioh "B"
adopted, and FIG 6B is an enlarged view of a part "A" shown in FIG
6A - F$ G shownan FIG. 15 Batigeably aedugedhy usingthe lighticentrolling filmin the case
according to the of adopting a 1.2mm disc.

Therefore, as described above, according to the present invention, the light
passing through the intermediate region hetween the near axis and the far axis
regions is controlled. For this purpose, there is provided along the light path a

10 light controlling means for controlling (e. g;, blocking, .scattering, diffracting,
absorbing or refracting) the light in the intermediate region, thereby suppressing an
increase in the size of the peripheral light of the light spot and reducing the
sphericat aberration which would otherwise occur. _ '

FIG. 7A is a schematic diagram of an optical pickup device adopting the

15 objective lens device according to a first embodiment of the present invention,
where the light focused states with respect to thin and thick discs are compared.
FIGS. 7B and 7C are enlarged views of the focal points shown in FIG. 7A for thin
discs and thick discs, respectively. As shown in FIGS. 7B and 7C, the objective
lens 200 is moved to focus the light on either thin or thick disc.

20 FIG. 8 is a perspective view of an objective lens 200 and a light controlling
member 100 as light controlling means.

In FIG. 7A, a reference numeral 300a represents a comparatively thin
information recording medium, e.g., 0.6mm thick disc, and a reference numeral
300b represents a comparatively thick disc, e.g., 1.2mm thick disc. It should be

25 noted that the diameter of thin and thick discs can be same. Also, the bottom
surfaces of the discs can be located in either a different plane or in the same plane
depending on the disc holder mechanism (not shown) for supporting and rotating
the discs 300a and 300b during operation. The drawing has been modified to show
the difference in the thickness. The laser light passes through an aperture in the

30 disc holder, as is conventional. _

A general objective lens 200 is positioned in front of disc 300a or 300b.
The objective lens 200 having a predetermined effective diameter focuses an



present invention showing the states where a |ight beamis being focused
onto two 20 discs of different thicknesses, and FIGS. 7B and 7C are

enl arged views of the focal points shown in FIG 7A for thin discs
and thick discs, respectively; FIG 8 is a perspective view of

an objective lens of the optical pickup shown in FIG 7 &0
to the present MMREMEPn; - FIG 9 is a schematic df‘ggram o¥ an

“objective lens according to an 25 enbodi mentjqof the present invention
adopted for the optical pickup shown in FIG 7A, showing a state

where a |ight beam igideai fight 406 HoMCth Kot Sortcl000 and receives the light ffected dm iser
section view of an obj ectlve | ens havi % a_light control llgt? filmon
trgog

the surface thereof _QR)?rQ@bn At shownda HIE. gnﬁlﬂﬂ iscprevided 2 tralling member
invention;  FIG | ﬁ)lo“é ifzﬁ't épp'nnvblgﬂétﬁg 980 CQnichCis! £ 1CatfeCo¥ ﬁienﬁﬁegﬁt

still 30 another resent | nvention;
11 is a plan view Oﬁnvenumbj €Ttiei light! eomtrollingi ngnmesqoane ttargﬂ»uremomﬁrhzis a lighz

groove, according to angther, enbodient of t he present LIVeNti o viocking or
PCT/ KR96/ 00150 scattering, the incident light on its surface. The outer diameter 9f light controlling
film 101 is smaller than the effective diameter of objective lens 200. The light
controlling member is made of glass or plastic. Cr. CrO- or Ni. for example, can
be used as the light controlling film 101. Alternatively or additionally, any of the
10 surface irregularities discussed below with reference to FIGS. 12-17 could be used

on the light controlling member.

A collimating lens 500 and a beam splitter 600 are provided between light
controlling member 100 and light source 900, as shown in FIG. 7A. A focusing
lens 700 and a photodetector 800 are provided along the travelling path of the light

15 reflected from beam ‘splitter 600. Here, the photodetector 800 is basically a
quadrant structure.

In the optical pickup device having the aforementioned configuration
according to the present invention, the light controlling film 101 suppresses among
the incident light beams 400, the light beam 402 of the intermediate region passing

20 through the region between the near axis and the far axis regions, thereby
transmitting only the light beams 401 and 403 passing through the near and far axes
regions, as shown in FIG. 9. For example, a light controlling film 101 made of -
Chromium (Cr) would block: the light beam 402 from passing through the light
controlling member 100. Moreover, the light beam 402 can be scattered, reflected,

25 diffracted or refracted dependmg on the surface roughness of the light controlling
film 101.

The light controlling film 101 having the above-described function is
directly coated on one surface of objective lens 200, as shown in FIG. 10. As
shown in FIG. 11, the light controlling film 101’ may be modified in its shape to

30 have a polygonal shape such as a square shape or a pentagonal shape as shown in
FIG. 16, rather than a circular shape. Moreover, an additional light controlling
film 101 or 101’ can be provided to define the near axis region depending on the



FIG 12A is a schematic di agram of an objective |lens according to anot her
enbodi nent of the present invention, showing a state where a light is being

f ocused onto a disc, and FIG 12B is a cross-sectional view of an

obj ective Iens accordi ng to still another enbodi nent of the pr esent
“invention; FIG 13 is a perspective view of the obj KRS

showmn in FIG 1?/5?97’0859 FIGS. 14A and 14B are a plan v?g\};v an
partially enlarged view, respectively, olf t he objective | ens shovvn in
FIG 12A FIG 15A is a side viewof a nmold for manufacturing

an objective |ens ﬂnclmcé%‘?gﬁfycpq:&%)i(%ﬂplg}q@%%kgﬁﬁ eeﬁ?snfss%gnﬂfz?a?ﬁhtfm disc and

I nvention, FIG 15B 1s a plan view
frame of the nold shmrrespnndinanealrSakls Fdgion §HoGld be defimed. aTlmreferauaﬂdimﬁaldlght

nol d for manuf actur| n o ectlve Iens accor anot her

enbodi nent of the pf ?H‘“ &@%%Qﬁ%l%@%%@%ﬁ
i nsi de of therdgimerorfﬂieaﬂm faisctéteoﬁmigdtoSii@uﬁcmﬁssFl fn FIGC108B, ﬁﬁaddl’é&ml
through 15G are enl arged vi ew of ortion K shown in FIG

i |lustrating var Pou3nmiasdighheontrelli mggrgq’vq ﬁ‘r%@ﬂtm prige i onsimized Gdlsq_bﬂ'%d
151 show a manuf aCtH&l‘n&&e%@ﬁ{?ﬁ%\]ﬁﬂs the ob e&h)e%ﬁé t%griﬁ s fir chqléelgplﬁ@%g

the present invention 1's’a s de View o
| ens manuf act ur ed b;hlmsﬁrddbém GHomn ord . 2iuBs forléiampled 151 ;

FIG 16 is a plan view oi_-l | nve ﬁ%tiz‘f%&?ﬁegﬁ% F@e‘tﬁ?ﬂ%ﬁ#%%&?%% ! other

enbodi ment of the presen on
schemati c di agr ans efmbadimeij afcthé presémriﬂvmomr FIGS. 119 and 14A aré lai gekspective v1ew

anot her enbodi nent of, t resent vent i on hovm n tates where a |i
beamis being foPus®fH °3P q“'eﬂ eeHie gzléf 124 respestively %’ese

t hi cknesses, chBodRehts Vlﬁérhﬁ is provxdedahght deﬂeEﬁ:%%neah? Qsﬁé’ueﬁ&omou
t hr ee-di nensi onal plots showi ng the states where t 25 I | I'S focuse
onto a thick d| sc afgags F”rﬂtﬂe‘%l?’%éensr@peéﬂl yWO’G? Fﬁ@“qtﬁﬂgpmsciee a light

controlling groove 102 of an annular shape, for partially blocking, diffracting,
refracting, or scattering the incident light, is provided in the initial light receiving
15 side (FIG. 12A), or on the light emittiﬁg side (FIG. 12B) of the objective lens
200’. Moreover, the grooves 102 can be provided in both sides of the objective
lens 200’. Alfernétively, the light deflecting means 102 can take the form of a
projection or wedge-shaped rib 102 as shown in FIG. 15K, for instance. The
wedge-shaped rib 102 can also be placed on either side, or both sides, of the
20 objective lens 200’. The outer diameter of light controlling groove or light
controlling wedge-shaped rib 102 is smaller than the effective diameter of objective
lens 200°. '
Like the aforementioned light com}ouing film 101, the light controlling
groove or wedge-shaped rib 102 is provided in the light region between the near
25 axis and the far axis and functions to redirect (e.g., reflect, refract or scatter) the
' incident light in a direction irrelevant to the light focusing or suppress (e.g., block)
the incident light.
The objective lens 200’ can be manufactured by a general high-pressure
injection molding method (not shown) or a compression molding method, as shown
30 in FIGS. 15H through 15K, using a mold havmg a pattern corresponding to the
wedge-shaped rib 102.
The lower mold 1002a has a pattern having one or multiple grooves 103a



according to the present invention; FIGS. 21 and 22 are plan
vi.ews of each photodetector in the case of using a thick disc and a
thin disc in the optical pickup according to the present invention,
showi ng the states where light is incident to the photodetector from a

1. 2mm di sc 30 and froma 0.6mm di sc, respectively; FIG_ 23
Is a plan view dvoaﬂoqg?’ght-segrrent phot odet ect or adopted for t RET/KRI6/00150
optical pickup according to the present invent '&gn; WO 97/ 08691
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FI GS. 24-26 and 27- 2R @inicRRspbnGiie WHBWhS Betic M-l b 962 bof didpetefll B tight
formed on the ei ght-segérr(glnt phg%ygde_t e??@r, y anno%ﬁgéclfl?ve Fer@ﬁo%ﬂoﬁg
relative t o a intheingrmediatedegion,dsshown STFIGS: skSAcandviSBy so that the fabricated

Gt ooctsuese e, B Ll of Wi U 55 oo

conparing the changeopihe!siffadeqsTulie he] bk Wasl8c886dPA a groove Mhé B@scrigtion of FIG.
photodetector in the optical pickup according to the present invehtion

5 12A above or a light controlling means having a diffraction lattice. The groove

103a is formed at the intermediate region between the near axis region and the far

axis region. Also, the light controlling means 102 may in the alternative be

engraved, etched or scratched on the surface of the lens. As shown in FIGS. 15C

and 15D, an uneven surface formed by an erosion or etching treatment in the

10 portion K comprises the light controlling means 102 of the lens according to
another embodiment of the present invention.

FIGS. 15E through 15G illustrate various examples of the uneven surfaces
(rough, toothed, jagged surfaces) for forming the light controlling means 102,
which may be composed of just one form of surface unevenness or combination of

15 types. '

In FIG. 15F, the light controliing means 102 may have an evenly-stepped
shape forming grating pattern to diffract the incident light in the intermediate
region. The grating pattern has a pitch S which is less than approximately 200 gm
for a laser wavelength of 650nm.

20 FIG. 15H shows a lens material 200m such as glass or plastic is interposed
between the upper mold 1001 and the lower mold 1002a. As shown in FIG. 151,
the upper mold 1001 and the lJower mold 1002a are brought close to each other to
compressively mold the lens material 200m. Then, as shown in FIG. 157, the
upper mold 1001 and the lower mold 1002a are separated and the objective lens

25 200m is obtained.

The light controlling groove 102 is preferably formed for the bottom surface
of the objective lens 200 to be oriented by a predetermined angle § with respect
to a perpendicular of the optical axis, as shown in FIG. 14B. The light of the
intermediate region, reflected from light controlling groove 102, is preferably

30 scattered'or reflected in a direction not parallel to the optical axis.

FIG. 16 is a front view of an objective lens having a light controlling
groove as a light controlling means, where a light controlling groove 102’ of a



adopting two discs having different thicknesses: FIG 32 is a
fl.owchart show ng the sequence of driving the optical pickup 10 according
to the present invention; FIG 33 shows the position where the
focus signal is generated in a current- . versus-time graph dependi ng
on the focus current variation, in the flowhart of FI G éﬁ'ém 00150

FI GS. 34 and 35W&9%/0863} r ent - ver sus-ti ne graphs conparing the £ 6(gnal
15 with the first and second reference val ue§ used in the flowhart of

FIG 32, respectively; and EI G 36 is a block diagram of
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light controlling means, an annular or square light controlling groove 102” is
formed in a plane lens, as shown in FIG. 17, or a separately fabricated light
controlling film 101 having an annular or square shape is fixed or coated, as shown
in FIG. 18. Light controiling groove 102" transmits the light 402 of the
15 intermediate region without diffraction. Otherwise, light controlling groove 102"
reflects light in the intermediate region in a direction irrelevant to the light
focusing. Thus, the light 402 of the intermediate region is prevented from reaching
the light spot of a disc.
“A light controlling film 101 shown in Fig. 18 absorbs, scatters and/or
20 reflects the light 402 of the intermediate region, which is incident onto plane lens
200", prevents the light 402 of the intermediate region from reaching the light spot
of a disc. For example, when a dark color paint is used as a light controlling film,
the film absorbs the light. Also, the light controlling groove or the light controlling
film shown in FIGS. 17 and 18 can be modified to have more than one anmular
25 groove or film depending on the thickness of a disc. _
It should be noted that the lens device structure described above is not
limited to an objective lens used in an optical pickup device.
FIG. 19 shows the size of the light spot on a 1.2mm thick disc, as obtained
by the above embodiments. The objective lens adopted herein has an effective
30 diameter of 4mm, a diameter of the near axis region of 2mm and that of -the far
axis region from 2.4mm to 4.0mm. Thus, the light controlling means blocks the
light beams ranging from 2.0mm to 2.4mm in diameter. The inner diameter of
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region and forms a focus region adjacent to the margi nal focus. The
internediate region is the region between the near axis region and the far

axi s regi on. Alternately, a near axis regio M
axi s regi on canW@97¥8ned by the 5 optical aberration am)un?c? : ?é:'k
disc. An objective |l ens nust have very small anount of opt i cal
aberration (e.g., spherical aberration, cong, | stortion, etc.

General ly, an obj ecty Iy

0.04[err] (Me?%?ém@m%sg?%g mveﬁagﬁgégﬁﬁﬂaﬁg% l}tsr g\r@llslm tte
the lens) in order thOus8.0mm to opnmua thepfocusibg ppmhnphecﬂisu cAlsoAtheahpa(mamr
| ens havi ng opti cal a}_&%erﬁ]r at.i, on gﬁ ﬁr thaﬁ 10 [a#r] g cons 3
unaccept abl e for use®ieig ¢qf éqgiregans g be

the disc increases, {shh &°i.pAM) ﬁﬁ%ﬁﬁéén%‘l'aﬂﬁr@ﬂﬁﬁﬁ (stdAUsS: 0. Bmixﬁerespecuvely
obj ective | ens havi ng optical aberration bel ow 0. 04[ err] is used f

pre-defined or thet rangessare pessible depemylingjon ysigm roasiderationsge armunt of
optical aberration (mainly ge jione SO onfdl wef et doohdifiond, b e felsuit!lof the

(69 D measurement, thé diameter of the light spot at a point of 1/e* (~13%) of the
central light intensity was 1.3um. Compared to the device shown in FIG. 5, which
does not adopt a light controlling film, the light amount of the portion "B" shown

10 in FIG. 5 is reduced by more than 70% in the case of the device according to the
present invention, which adopts a light controlling film.

FIG. 20 shows the size of the light spot on a comparatively thin disc, i.e.,
a 0.6mm disc, under the above-described conditions. According to the
measurement, the diameter of the light spot at a point of 1/ (~13%) of the

15 central light intensity was 0.83um.

: As described above,. according to the present invention, a light spot can be
formed on a disc at an optimal state. As shown-in FIG. 7A, the light reflected
from disc is transmitted through the objective lens 200, the light controlling
member 100 and the collimating lens 500 and is reflected from the beam splitter

20 600 to then be transmitted through the focusing lens 700 to reach the photodetector
800 where it is detected and converted to an electric signal. The photodetector 800
is for obtaining a focus error signal by astigmatic aberration and is a generally a
quadrant detector.

Hereinbelow, the characteristics of the photodetector 800 in the optical

25 pickup device according to the present invention will be described in detail.

As shown in FIGS. 21 and 22, a spot formed in the center of the
photodetector 800 has central regions 901a and 901b corresponding to the light of
the near axis region and peripheral regions 902a and 902b corresponding to the
light of the far axis region. The "a" and "b" designations signify a light spot on

30 athick disc and on a thin disc, respectively. Specifically, FIG. 21 shows the case
of a comparatively thick disc, e.g., a 1.2mm disc, and FIG. 22 shows the case of
a comparatively thin disc, e.g., 2 0.6mm disc. The change in diameters is



15 Furt hernore, the unwanted peripheral light (B) showm in FIG 5
ogcurs where the optical aberration is between 0.04[err] and 0.07X
In order to conpensate the large optical aberration in a thick disc,
the near axis region is defined where the optical aberration isI bel ow
0.04[err]. And, the far axis region is defined where the | ~
aberEatiLn is gMOFOBnan 0.07[err]. Thus, the internediate rl’e%&?'glso
defined 20 between 0.04[err] and 0.07[err] t gqgsuppress the interference

occurred by the spherical aberration. Mre explanation of FIG 5 is
provi ded bel ow. oy in' $hel Bhrira . ey Bhek 50 .
bet ween the near axing’,lgz?rﬁf at én??i% FT}Q%%& s@ogeglyoﬂlseﬁaéﬂgﬁ%a%ﬁe Phe&radne s

| i ght path, there i drespestiveofi theidjset thickmetss.o Howeverytimrchange inlii_ianietami?igniﬂiam
-shape or a pol ygonal, ch.as_a_ s re.sh f.or..bl ockjng qr, 25 .
scattering light. T ?ﬁ?ﬁ.@t@ﬁ#’iﬁgﬁe AT ?an,t f ﬂfehgghtt ﬁei’lf)&ﬁfﬁi by,sths (Jight
far axis region contfsliing meinbéx f0Oct the central |ight portion of the

i ght spot but the light _of the | nternedi ate regi on between the near
axis and the far *xis do&ust, referring to FIG. 24, the gentmabyegion 91atcorsepponding tpitheht

{hi ckneas. of 0. 60, 1A A IsHioh s mibk offer o te pidRfcBiot 8O abdft BRfhera) esin,
having a refractive %mdsl%(bﬁotme@mr Tlia(t?,/lntengf:}qlats Ffﬁ%TQ?B:fb:Lw?en the
0 et 0,950 gy B 6 S et e 3l g Bk e
t hi ckness light is eliminated by a light controlling member. Since the peripheral region 902a
10 and the intermediate region 903a are substantially enlarged by spherical aberration
in this example where the reflective surface of the disc is near the paraxial focus,
only the light of the near axis is used in reproducing information from a 1.2mm
thick disc.
Referring to FIG. 22, both the central (i.e., near axis) region 901b and the
15 peripheral (i.e., far axis) region 902b are formed on the detection surface of the
photodetector 800 because, in this example, the reflective surface of the thin disc
is near the minimum circle of the beam focus. In other words, all of the light of
the near and far axes regions are used in reproducing information from a thin
. (0.6mm) disc, excluding the light of the intermediate region which is eliminated by
20 alight controlling member. Here, the diameter of the near axis region 901b, being

paraxial, maintains a relatively constant value irrespective of a disc type.
As described above, in order to read information from discs having different
thicknesses, the optical pickup device according to the present invention adopts a
photodetector 800 devised so as to receive only the light of the near axis region in
25 reading information from a thick disc and receive the light of the near and far axes
regions in reading information from a thin disc. Therefore, when a thick disc is
used, a signal corresponding to the light of the near axis region is obtained. When
" a thin disc is used, a relatively higher intensity signal, corresponding to the light

~ of the near and far axes regions, is obtained. '

30 FIG. 23 shows another type of photodetector 810, which has an octahedron
or eight-segment structure wherein a second detection region 812 is provided
around a first detection region 811 which is centrally located and equivalent to the
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1. 2+0. 1mm under the sane conditions as above. Referring to FIG 5, the

l'i ght t he spot, which has a diameter 2pm is relatively focused in a
central part (A) but is also focused in other parts (B). At this
tinme, the |ight W98ty of the other parts (B) is 5- 1FCHKRIGO0I5H
the central part (A). This is because the Iighé which is 5 incident onto
a region far froman optical axis is affected 9 spherical aberration,

t he degree of which i . GhaCat higkn o . .
descri bed above, thegﬁagaﬁgﬁhsopo egf%’?%‘eog%lﬁ(ﬁéét %li'ckﬁrocl'g%&?gwf%oﬂg%glo?ﬁ%mf%@s
formed on a thin disof founisghare Sfirslight-teceivings pletiensah 1,ABeJ ICAt & D1Alan@ - second

since the light incident_qnto.a f axis region, j.e., a region
relatively far from W"BBﬁgé%ﬂsﬁ"?Bs‘s‘éS? urf@s Redssanddighireseiving siements A2,
di fferent (surroundi gg)ctaadphe optical axis and is scattered, the
light of the far axis region does not affect the focusing of the |ight
spot of the centr@ part 4/AQcuseporsigngl ohtaingd byrisingdthe betaedron photodetectotr Bihis

present. bet we a | t far Is interf.eres,with the

focusing of the i gh?{&(\#ﬂﬁ FIE! éofﬁiéa}@g&mggﬁg,m ﬁ@%ﬁbﬁﬁ‘%f"‘fn?‘%ﬁﬂ%ﬁ@%
light (B) of the focfremdhé fighlighteeseivig regibh 81 loaly i€ indidateddyedolidding A arldBat
l'ight in the internedi até‘?eq e |€&Pﬁ§%¥s§§&g 2‘6 n 'q?ﬁlggeé)\fig%&gtio{se 'ﬁ{'ndaal% is
the far axis region ¢t E’H@e Q‘Wﬁ o

s not enployed, so indithte®®¥iardoRted kint Bght beanms (B) are generated around

the central l'ight beam (A), as shown in FIG 5. Such peripheral
li ght beans generl® |y ha®GS. 24 - hoand 877929 shown he Jightt receiying: states| of the

| i ght beam thereby bmmp,gwﬁéntd&%gﬂét@@%ﬁPﬁgghsl‘g&,%hi%%%&@&

maki ng accurate data recording and reprodu
FI G 6A shows graphsf{compactidiso}iistns¢di)respettivety.at i ng t he change in the |ight

POl ey £ 1" Eanes o A e L1 e TGN S b e g
(b) and (c) are region 811 should be optimized to receive the light from the near axis region
15  without loss when information is read from a thick disc, and not to receive the light
from the far axis region. Additionally, the first and second detection regions 811
and 812 have dimensions such that the light beams of the near axis and far axis
regions are all received when information is read from a thin disc, as shown in
FIG. 24. When information is read from a thick disc, the light of the far axis
20 region impinges on the second light receiving region 812, as shown in FIG. 27.
FIGS. 24, 25 and 26 show the light receiving states when an objective lens
is in focus with respect to a thin disc, when the objective lens is positioned too far
from the disc, and when the objective lens is positioned too mear the disc,
respectively. Similarly, FIGS. 27-29 show the light receiving states when an
" 25 objective lens is in focus with respect to a thick disc, when it is positioned too far
from the disc, and when it is positioned too near the disc, respectively.
In the photodetector 810 having the aforementioned structure, the entire
signal, i.e., that from both the first and second light receiving regions 811 and 812,
is used in reading information from a thin disc, and only the signal from the first
30 light receiving region 811 is-used in reading information from a thick disc.
FIG. 30 shows the focus error signal changes by the signal from the first
light receiving region (solid line A) and by the entire signal from the first and |



obt ai ned when the light controlling neans is adopted and graphs (a) and (d)
are 25 obtai ned when the light controlling nmeans is not adopted. At this
time, an objective | ens having a nunerical aperture of 0.6 and an
‘effective radius of 2mmis used. As an exanpl e of the |ight

controlling nmeans for blocking or scattering the |ight, an r
shaped |ight coNOPHP86Phg fil m having a central height of 1. 4%@@?@@
optical axis and a width of 0.25mm i s .adopted 30 Under the

above conditions, graphs (c) and (d) are curvgé shovm ng the change

in Iight spot si zes i n of adoptin rrm an hs and .(.b)
are ones in case ofS gﬁﬁ ?g@shﬁqglpg g %&'t‘é‘%{%’g&hﬁa{’%r%ﬁg‘#k

t he spot Wi/ Qﬁﬁ&ﬁffcrence between the shapes indicated by the solid line A and the

PCT/ KR96/ 00150

state present when 49iedJinesB comes, fzom ﬂ'@rﬁm%“néd%ﬁ?%fed light in 2 thick dis¢. jlg the
FIG 5 05 within 3ogdentin®RisiodelboRRO81C] Eandted G (B BObndifled fromk  large
controfling 5 fipherical abberation of thexthighdiseyf sde@crs@mamls by thmmmhctqdnt@ctor
Che o ot o TR by b il 1] e e
in the amplitude _of the focus error signal which resulted an unstable focus error
signal as shown in the dotted line B. And in turn. when only the detected light
impinging on the inner photodetector 811 is used, it can be possible to reduce the

10 effect of the scattered light on the S-curve as shown by the solid line A. In
practical use, the focus error signal as denoted by A is better than B since it has
a single zero-cross point for the focus error signal and the symmetry of the signal
at the zero-cross point are important characneﬁstics to identify the on-focus position
of a objective lens.

15 As understood from the above, when information is read from a thick disc,
the focus error signal components are obtained by using only the light of the near
axis region, thereby obtaining a stable focus error signal as shown in FIG. 30.

As described above, in the focus controlling method of the objective lens
device and optical pickup device adopting the same according to the present

20 invention which has a size reducing effect of the light spot, i.e., the light amount
of the portion "B" of FIG. 5, and a focus error signal stabilizing effect, since only
a single focus error signal is generated irrespective of a disc thickness, an
additional focus control means is not required in order to use the different thickness
discs.

25 Also, the magnitudes of the detected focus error signals are different
depending on the disc thickness. In other words, as shown in FIG. 31, all of the
light of the near and far axes regions reach a photodetector in the case of a thin
disc, and only the light of the near axis region reaches the photodetéctor in the case
of a thick disc, thereby easily discriminating the disc type.

30 The operation of discriminating the disc type will now be described in detail
with reference to the flowchart of FIG. 32.

If a thin or thick disc is inserted (step 100), focus current (which controls



of adopting a 1.2mm di sc. Therefore, as descri bed above,
according to the present invention, the |ight passi ng through the

i nternmedi ate region between the near axis and the far axis - regions is
controlled. For this purpose, there is provided along the Iight path a 10
light controlling means for controlling (e.g., blocking, scatterin

di ffracting, w bing or refracting) the light in the i M Fﬁgﬁng%
regi on, thereby suppressing an i ncrease 52 the size of the peripheral
i ght of the light spot and reducing the pherical aberration which

woul d ot herw se occ
optical pickup devi cU%e gg%%?r} %t;;mﬁ?g ec_uL@ @"%Zéﬁ“ ‘1%\}2 %ﬁlggﬁév%r%s%éra? 5?%&?%
a first enbodi nent odisarimingse Gwennge nf/amt)bpcuve lens, la/.\hﬂleetypdﬁefhldisblas‘ﬂmeﬂ

states with respect [ t k di scs
and 7C are enl ar ged e\LI\i/S ﬂ)gc 5‘?“}3&0 W"TW%"’(’?ﬁlﬁaﬂi h)Wlthm

di scs and thick discs mRePes! fovsd )ﬁdjlﬁﬁne%ho‘ﬂibré Fibtaming By in &mﬁ %m the

obj ective lens 200 1s moved to focus the Ilght on elt

thick disc. 20 35 photodeiesto(adding tpaqtqu&mxgmlsx/frmeath aﬁthalc;ghct]nmmsrmda

200 and a light contg II|n a
In FIG 7A a refereng"(llaJ nurreﬁgnfl(g%{)a rep ese %%MW@ gﬁd:?he ocus
i nformati on recordi ms@ﬂm@mdl@ﬁmvemmm@mnaﬁﬁh&dﬁﬁﬂh@ﬁﬁemsedm
numer al 300b ra thick dis . 1.2mm
Chick disc. 1t shou I pEaesENd, £ eagisEs EPF?@“ f Sl Sorrmaple, B¢imt ForvemiomRl. an
di scs can be sane. A lanatidﬂethhebﬁﬂm mtbebel&dfd‘da%&)eﬁinehﬁﬂyﬁ'ﬁ%e&?& that

| ocated in either an‘glfferent | ane or in the same plane dependi ng

on the disc hol d&f rfbe pmplinids fogus,eRRgr signal fon g thintdise geprodnction lstfomgunes that

tsﬂgwdl °e0 BO?ﬁeagﬁf ?@?Entgigk:d?]gtlﬁgﬁ?ﬁéd nesslaf&l’ﬁ%lﬁl a{s%gsrﬁl [ ﬁﬁ@?%assgéﬁpﬁ&é\%fgh

an aperture in the Wwihpbothidise typasdad thaia focuscasrorasignabstatiilization is realized.
general objective |lens 20Qei gndifeide %@Hea’l ki ¥ o §99ﬁe ai»o‘?’e—&)escnbed

method to reproduce a signal recorded onto a disc. However, the spherical
15 aberration is larger than that of the optical pickup for the conventional compact disc
player, thereby resulting in the deterioration of a reproduction signal. Therefore,
" it is preferable that'a digital waveform equalizer is used, such as shown in FIG. 36,
which, assuming an input signal fi(t), produces an output signal fo(t) in accordance

with

fo(t) = fi(t+r) - K[i(t) + i(t+27)]

20 where 7 is a predetermined delay time, and K is a predetermined amplitude divider,
‘ as shown in FIG. 32 (steps 106 and 117).

" Once the focus error signal S; and the sum signal are obtained (step 101),
it is determined whether the focus error signal S, is greater than a first reference
signal for a thin disc (step 102). At this time, the sum signal may be also

25 compared with the first reference signal in accordance with the design conditions.
As shown in FIG. 34, if the first reference value is less than the focus signal

S; or the sum signal, it is determined that the disc is thin (step 103) and focusing

and tracking are continuously performed (step 104) in accordance with this
determination, thereby obtaining a reproduction signal (step 105). The

30  reproduction signal passes through a waveform equalizer (step 106) for a thin disc



The dbj ective lens 200 having a predeterm ned effective dianeter focuses an
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incident light 400 froma |ight source 900 and receives the light reflected
fromdisc 300a or 300b. As shown in FIG 9, there is proyi Loht
control ling men¥@9708691 100 in the rear of the objective | ens%fgg&gamlé(g
is a feature of the present i nventi on. light controlling nenber

100 is transparent and has a |ight 5 controlling film 101 of an annul ar

shape for suppressi C tt

light onits surfacgg %@%ﬂ?@ﬁ%%ﬁéqgﬂfglgnﬂll(sgﬁ iﬁ@nt‘r?(;‘)+elr;l'9r 1{‘&% dr&%féféﬁ&

101 is smaller than vahe B&f grester ﬂmndlhanﬁeusr exbr sigpﬂcs; oE tﬁaemZﬁghalThelslthgdnt
control ling nenber i rrade 0 s or stl C Cr O or

exanpl e, can i’"?‘ ﬁfﬂ‘@l&slgﬁ?@l% %‘F@F"d’&?"@l&?y

or additionally, anym%s wmm@fs@( dlfgggl arities discussed bel ow
with reference to FIGS. 12 1% coul d be use on the light controlling

menber 5 Acds shn’ammglqie% i6 s fnstireferpecerNalng| is greater gl the focus
Be shown i n PG 7t sipaal 08 el il il BREBES sockyerhilnign 05 or 0 E il i
provi ded al ong the tgreated thamt}pepectohd oéferehee valughistep 113), 1t is determined that the disc is
thick (step 114) and focusing and tracking are continuously performed (step 115).
thereby obtaining a reproduction signal (step 116). The reproduction signal passes
10 through a waveform equalizer (step 117) for a thin disc to obtain a waveform
equalizing signal (step 118).

If the focus error signal S; or the sum signal is smaller than a second
reference signal, an error signal is generated (step 123). The focus error signal and
the sum signal can be used to discriminate the disc type clearly and this method

15 using both signals reduces the discrimination error.

As described above, the lens device according to the present invention has-
various advantages as follows.

The lens device according to the present invention adopts a light blocking
or scattering means which is simple and easy to fabricate, instead of a complex and

20 expensive hologram lens. Also, since the light can be used without being separated
by a hologram lens, the lens device has higher light utilizing efficiency than that
of the conventional device. In addition, since a very small beam spot is formed,
the performance of recording and reproducing information can be enhanced. Since
the lens device with a light blocking, refracting, diffracting or scattering means has

25 a single objective lens, it is very simple to assemble and adjust the optical pickup
adopting the lens device. Also, since a signal which can discriminate the disc type
is always obtained regardless of the thickness of the discs, additional means is not
required for discriminating the disc type. In contrast, the conventional device using
hologram has to adopt additional means to discriminate some signals because the

30 device generates multiple signals. Among the multiple signals, one is used for thin
discs and another is used for thick discs.

While the invention has been particularly shown and described with



15 reflected frombeamsplitter 600. Here, the photodetector 800 is
basically a quadr ant structure. In the optical pickup
devi ce having the aforenentioned configuration according to the
present invention, the light controlling film 101 suppresses anong

~the incident Ilght beans 400, the |ight beam 402 of the '”ternﬁQh%bﬁmkﬁﬂhon
passing 20 thﬁﬁgammﬂﬁareglon between the near axis and the faraxis
regions, thereby transmtting only the |ipght beanms 401 and 403
passi ng through the near and far axes regions, as shown in FIG 9.

For exanple, a |ight 3Q8hdeh hipRfferiid dhbodimemeBerebt, it wil be%&%lddabér%&semnédj
bl ock the |ight beam 402 from passi ng through t-he |1 ght con l'ing

menber 100. Moreover in theeart mhyhtvanwnoth@zclmagesm fmmtwréaladwmﬁy é’ctwe thegin

diffracted or refracte en n the.su cero ness .of t ht

control ling r‘fﬂ 'g epar?fngqfrom tﬁ %“'ff"&ﬁ? ggl?ﬁ F‘HF‘P‘\‘%g P]I‘ » the
having the above- desﬁélathae(i)oﬁiﬁaﬁbfﬂi&d@smﬂle hgdtpaatchﬂbsméredim %nehamgr nigahe
of objective lens 200, as shown in FIG shown in Fl the

light controlling3fi Fﬂﬁtlme‘qﬁaﬁndbé"wmbédh‘? details of\the cvaripus Juethods, usipg the
pol ygonal shape suchg @r@l‘%g@p pent agonal shape as shown in
FIG 16, rather than a ci rrcul ar shape reover, an additional | i ght
controlling film 101 or 101' can be provi ded to define the near axis

region depending on yhGevica) Applicability
The present invention can be utilized in an optical system adopted in the
10 fields of recording media for recording/reproducing video or audio data.
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t hi ckness of a disc. For exanple, the objective lens is optimzed to a thin
di sc and a correspondi ng near axis region should be defi ned. -
Therefore, additional |ight controlling filmor groove can be

provi ded to defWR&"8¥9%Lppropriate internediate regi on fofCTKBOY/40159

di sc according to its thickness. In FIG |0B, ,an additi onal 5 annul ar

light controlling groove 102" is added in ord to optimzed a disc having

a thickness of O. 92@ Tl Q%ii Eie,obj ective lens 200 can be used for discs
havi ng t hi ck : 0.9mMm or 1.2mm for exanple.

FIGS. 12A and 12B il |l ustr.ate mnengldeticé combiptising according to a still another
enbodi nent of the present_inyentjon, FIGS. 13 and 14A are a perspective

view 10 and a front vidfepiocpsspelightintg 3 focalzone apdhgvinga predetermiped effective

respectively. In thgafeter; and €nbodi nents, there is provided a |ight
defl ecting means 102 as the light controlling . means in objective |ens
200" . 1n other wdrds, a kghtgentrnlling meansepravided in a light| paghof said lens foypreventingg

groove 102 of "an an . ' ki, diffracting, .
refracting, or scat P%ﬂrt%gﬁwgéea%@ :i‘lé%{# ?éfilgéiaglF%i%atgoﬁ?tﬂ ‘Fﬁ‘g"‘?ﬁ%ﬁ“f 5?”1
li ght receiving 15zomsj dsid (iffefinedisté\)axiad region tbeingl Jogdted etwebn A0ncar ARial Tegion
12B) of the objective.len 200'.. reover, the _groopves 102 can be
provi ded in both si 85{5 d?a?q?é %‘Eﬁn?{tqf\?égxbﬁ&' pafh.and ‘2@%‘ axial regipp, Jocated | rdialfy, o
l'ight deflecting negmwatiOiéor 34id irtérenctifzes deBiof] §H‘i¢ﬁghtcontrolﬁﬁ_|%dn@ﬁs'p@fhﬁ&fnglight
wedge-shaped rib 102 as shown in FIG 15K  for instance. The

wedge- shaped ri B010 saidnear apd far rpgianscof soid lightipath tof rgach sid fogalizopedes, of
the 20 objective lens 200'. The outer diameter of light controlling
groove or |ight control ling wedge-shaped rib 102 is snaller than the
effective dianmeter of ob}ect ifdensdevice aosprditOW claim 1, wherein said lens is an objective

- lens.

15 3. A lens device as claimed in claim 1, wherein said light controlling
means blocks the light in the intermediate region of said iight path.

4. A lens device as claimed in claim 1, wherein said light controlling
means scatters the light in the intermediate region of said light path.
20 '
5. A lens device as claimed in claim 1, wherein said light controlling
means diffracts the light in the intermediate region of said light path.

6. A lens device as claimed in claim 1, wherein said light controlling
25 means absorbs the light in the intermediate region of said light path.

7. A lens device as claimed in claim 1, wherein said light controlling

means reflects the light in the intermediate region of said light path.

30 8. A lens device as claimed in claim 1, wherein said light controlling
- Ineans transmits the light in the intermediate region of said light path in a direction
irrelevant to said focal zone.

) A L



Li ke the aforenmentioned light controlling film2101, the light controlling
groove -or wedge-shaped rib 102 is provided in the |ight region between the
near 25 axis and the far axis and functions to redirect (e.g., reflect,
refract or scatter) the incident light in a direction irrelevant to
the light focusing or suppress (e.g., block) the incident |ight.

The objective | ango@81 can be nmanufactured by a general hi gh- BEFEERA¢/0150

i nj ection nolding nethod (not shown) or a conpression nolding nethod, as
shown 30 in FIGS. 15H through 15K, using a ntA% having a pattern

corresponding to the - wedge-shaped ribh 102. . . .The lower_,
mol d 1002a has a pattern%havi g&"’@ﬁn@?"&e %WP@F’G&)%?’M‘GS‘&M light contygiling
97/ 08691 s s . . . 11 . et
PCT/ KROB/ 00150 means refracts the light in the intermediate regpn of said hghlt E?ath in a direction
formed in correspondcsvay drom sdid féeal zanght controlling rib 102 for dispersing

the Iight in the internmedi ate region, as shown in FIGS. 15A and 15B,
so that the fabricated |l ens is provided with a stepped or

wedge-shaped |igh§ contrqbling eBeasidRr Rldiisedh claim 2, Mhefchisaid! lifcon@blling e
| ens, but was receded as a groove in the description of FIG
means controls the light in the intermediate region between near and far axes of the
incident light beam by at least one of blocking, scattering, diffracting, refracting,

absorbing. transmmmg. and reflecting.

10 11. A lens device as claimed in claim 1, wherein said light controlling
means has a predetermined region for preventing light in an intermediate axial
region of said light path from reaching said focal zone, said predetenﬁined region
having an outer diameter smaller than the effective diameter of said lens.

15 12. A lens device as claimed in claim 1, wherein said light controlling
means is at least one light controlling film of a predetermined pattern located on

said lens.

13. A lens device as claimed in claim 1, wherein said light controlling
20 means includes a transparent member. ' '

14. A lens device as claimed in claim 13, wherein said transparent
member is spaced apart from said lens by a predetermined distance.

25 15. A lens device as claimed in claim 13, wherein said transparent
member includes at least one light controlling film of a predetermined pattern.

16. - A lens device as claimed in claim 1, wherein said light controlling
means includes at least one light controlling film of a predetermined pattern located

30 on said lens,

17. A lens device as claimed in claim 1, wherein said light controlling

Ay




5 12A above or a light controlling neans having a diffraction lattice. The
groove 103a is forned at the internedi ate regi on between the near
axis region and the far axis region. Also, the light controlling
means 102 may in the alternative be engraved, etched or scratched on
the surface of the lens. As shown in FIGS. 15C and 15D, an uneven
surface forned wWponsssr osi on or etching treatnment in the 10 PCI/KRW/H0KS0
conprises the light controlling neans 102 of the | ens according to

anot her enbodi nent of the present invention. 27 FI GS. 15E t hrough
15G illustrate various exanples of the uneven surfaces (rough,

t oot hed, jagged surmgansdyclades at leastiong surfacel irggulatitynefr apiedetgrnminetpatteie,

whi ch may be conposed of just one form of surface unevenness or conbination
of 15 types. In FIG 15F, the light controlling nmeans 102
may have an evenly-steppHl A lenssdwvite dsoclaiinied igr clain Q7P ahieein) sii@ afilédst ond

the incident light in_the interngdjate region, The grating pattern
has a pitch S whi chSyréace m&'?ﬁ?ﬁﬁ(ﬁf?&f’%p?"‘gg)ﬁ sjsle, wall of a prsdetgrmined slope

wavel engt h of 658NMyitk espect to an 'akisof baitl 1EhPpsn2a | ens material 200m such as
glass or plastic is interposed bet ween the upper nold 1001 and the

| ower nold 1002a. As shown in FIG 151, t he upper nold 1001 and the
| ower nold 1002a are br ht cl . conmpressi vel
nold the | ens materi al g%%m ‘%‘ﬁ%ﬁ?deg%e?%wq Ickqmll‘os\},w qgénsaﬁgmﬁgpérv-
mol'd 1001 and the |shaped.nol d 1002a are separated and the objective |lens 25
200m i s obt ai ned. The light controlling groove 102 is
preferably forned for the bottom surface of the objective |lens 200

to be oriented QP a predi@.er mines dvidecad ClhiedMr Blaine SIS Giherein saidt grodve has
per pendi cul ar of the optigcal axi as,shown in FIG 14B. The |light "of the

S .
i nt er medi ate regi onParplisl jsides and said)lens in g plangileps,| | i ng groove 102, is
preferably 30 scattered or reflected in a direction not parallel to the
optical axis.

21. A lens device as claimed in claim 17, wherein said at least one
surface irregularity includes a protruding wedge-shaped rib.
15
22. A lens device as claimed in claim 17, wherein said surface

irregularity includes a roughened surface.
23. A lens device as claimed in claim 17, wherein said surface
20 - irregularity includes a diffraction lattice for diffracting the light in said intermediate

region of said light path away from said focal zone.

24.  Alensdevice according to claim 1, wherein said Iens has a refractive

surface.
25
. 25. A lens device according to claim 1, wherein said lens is a diffractive
lens.
26. A lens device according to claim 1, wherein said lens is a planar
30 lens.

27. A method for manufacturing a lens comprising the steps of:

T




FIG 16 is a front view of an objective lens having a light controlling
groove as a light controlling nmeans, where a light controlling groove 102
of a WD 97/ 08691 '
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square shape is forned in objectlve | ens 200" according to still another
enbodi ment w@9$7/08682 present invention. Li ght ®EHERIFNALR,
groove 102' can be formed of a pol'ygonal shape such as a square

shape. Moreover, the objective Iens can be nod#&ied to have nore than 5
one |ight controlllng groove, to ntr t he {ncident It is, also
possi bl e to use anproyding 2, 99?4 P%%*ﬁfﬁ%gatwgnamgﬂ%%ﬁ“
rib, toothed, roughg Fgﬂdlﬁi‘ﬁgﬁ‘dﬁp . a separate transparent nenber such

as the light controlling nenbers 1b In the above
enbodi ments, a convex | eMmmﬁxamme&nm $aith dens Omrface pattam said

200', which m.ght be re a anan sing.a diffraction.

such 10 as a hol o&‘ﬂﬂf@?ﬁfs”ﬂa@ﬁ@sﬂé|‘°?§ﬁ3**§ﬁagu$#c%‘ l;egl%g ich AR _?'f s
is provided with 5 a cenler ®fitsaidOlehs ahd ianfir ARIAD Segion lovary | dially ofewaed Eroln gid
controlling groove 102" is formed in a plane 1l ens, as shgwn _ in FI G

17, or a separatel ymqum@am@nﬂmmdweamamﬂqnﬁgr Breyenting light incidegt ento
annul ar or square sRgPgrheliateCbeftn S8 BSde fons TRM reaching a focal region of said

molded lens;
providing a second mold part corresponding to said first mold part;
10 ‘placing lens material between said first and second mold parts; and |
forming said lens having an intermediate portion between said first and
second mold parts.

28. A method for manufacturing a lens as claimed in claim 27, wherein
15 said lens forming step includes compression molding.

29. A method for manufacturing a lens as claimed in claim 27, wherein
said lens forming step includes high-pressure injecting molding. '

20 30. A method for manufacturing an objective lens as claimed in claim
27, wherein said intermediate axial region has at least one shape selected from the
group consisting of a stepped shape, a wedge-shape, V-shape, and an rough surface
shape.

25 31. A method for manufacturing an objective lens as claimed in claim
27, wherein said intermediate axial region forming step includes etching said lens
surface pattern.

32. A lens mold for forming a lens, said lens configured to focus light
30 into a focal zone, said lens mold comprising:
a first mold part for forming one surface of said lens and havmg a lens
surface pattern on an inside surface of said ﬁrst mold part,

A




i'n FIG 18. Light controlling groove 102" transmts the |ight 402 of the
15 internediate region without diffraction. Qtherwise, light controlling
groove 102" reflects light in the intermediate region in a direction
irrelevant to the |ight focusing. Thus, the light 402 of the
internediate region is prevented fromreaching - ~the light spot of a

di sc. WO 97086%1ght controlling film 101 shown in Fi g.qum-ﬁ’s,
scatters and/or 20 reflects.the light 402 of the intermnedi ate region,
which is incident onto plane | ens 200", %?revents the i ght 402 of the

~internediate region fromreachi, the Light s . a disc. For - :
exanpl e, when a dark col or paf#i¢ q ﬂgéﬂg Fﬁﬁld%ﬁ?rww&t? jaxig] region

the fil'm absorbs theloédtéﬂ"ﬁetwé'nsaoneaigﬁaﬂﬂeﬂﬁhvﬂﬁéﬁﬁﬁi L0 oA Sa e d 1

control ling filmshown in 17 can to have
nmore than one annul awalzggugr m&doradiaﬂlb'npm&mﬁrm emdtmsrmhdleﬂenemomf said

glezgri bed above is ﬁ%eﬂﬁéﬂﬂt&:ﬁﬁr@@é@ﬂy&ﬂgﬂﬁ&gﬁ |v3'gi ust&(??lﬁh%ggtermmed

optical. pickup de¥i cpattern, said surface irregulafity i(ﬁnﬂllig)a\/hghmnﬁ'oﬂiﬁg adeafisis shiddbiis for

spot on a 1.2mmthick disc,..as.obtai nea. t he aboye epbodi ments. The
obj ective | ens adopt pnglight i co @Dmgéﬂné # dightopathy byt ngt Light
di ameter of the nearinaxdosresgmiing i ratsaiafh ath2fo £G4l Zome of
region from2.4mmto 4. 0mm Thﬁg, the Ii gh control It ng means aocks ﬁgo

li ght beans ranging &2 a&m to 2. 4nmin dianeter. The inner dianeter of
_ a second mold part for forming an opposing surface of said lens.
10
| 33.  Alens mold as claimed in claim 32, wherein said surface irregularity
includes a groove having a side wall of a predetermined slope with respect to an
axis of said light path. '

15 34. A lens mold as claimed in claim 33, wherein said groove is V-
shaped. '

35.  Alensmold as claimed in claim 33, wherein said surface irregularity
includes a parallel sided protrusion and said lens in a planar lens.
20 ' , .
36. Alensmold as claimed in claim 33, wherein said surface irregulaﬁty
includes a protruding wedge-shaped rib.

37.  Alensmold as claimed in claim 33, wherein said surface irregularity
25 includes a rougheped surface.

| 38.  Alensmold as claimed in claim 33, wherein said surface 1rregulanty
includes a diffraction lattice for diffracting the light in said intermediate region of
said light path away from said focal zone.
30
39.  Alens mold according to claim 33, wherein said lens has a refractive
surface.
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l'ight controlling nmeans having annul ar shape can be changed to be in the
range of 2.0 to 3.0mmto optimze the focusing spot in the disc.

Al so, the inner dianeter and the width of the |ight controlllngwreans
can al so be bet wxe97/08691 to 1.4nmm (such as 1.2mm) and bet REBKRY

0. 25mm (such as 0. 15m), respectively. 5 CI:t’ber ranges are possible
dependi ng on system consi der at i ons. In the light spot fornmed

under the above conditio the r s neasyrenent ...t he.
di ameter of the I|ight spg§ at AP agﬁor?'ﬁ%féafﬁg?n?’l %#@H@“Egmfha&we

central |ight intengedsy was 1.3pm Corrpared to the deV| ce shown in FIG 5.
whi ch ‘does not adopt a light controlling film the I[ight anount of
the portion "B" shown in FIG 5 is reduced by nore than 70%in the

f the devi
&1 ght control fﬁga?ff’ﬁf"ﬁ”g 0t old accorel 55 Bl B et st 1l ke

spot on a conpara¥iveisy thin disc, i.e. a 0.6mm disc, under the .
above-descri bed conditions. According to the measur enent, the
di aneter of the light spot at a point of I/e[err] (-13% of the 15

central [ight intensity was 0ASfehe@etice as clalmed in claimA7, AeRcRéinRAIl AR one
according to the present invention, a lig ;J)Ot can be formed on a

disc at an optimal JuEeee regulary A 4 WF‘EI‘"‘F paren forged orepn least ee surface of
fromdisc is transm hrough the objective I ens 200, the |ight

control ling menber 100 and the collimating | ens 500 and is reflected
fromthe beam'spl®tter 20 600 to then be transmitted through the

focusing lens 700 to r eac4t_3’ t h%npop%ﬁd%m%t&“ce comprising:
a light source;
an objective lens provided along a light path from said light source
projecting light onto a disc, said objective lens focussing light into a focal zone and
15 having a predetermined effective diameter; and
light controlling means provided in the light path of said lens for preventing
light in an intermediate axial region of said light path from reaching said focal
zone, said intermediate axial region being located between a near axial region
which includes a center of said light path and a far axial region located radially
20 outward from said intermediate region, said light controlling means permitting light
in said near and far regions of said light path to reach said focal zone. |

44,  An optical pickup device according to claim 43, further comprising:
a beam splitter provided between said light controlling means and said light
25 source; and
a photodetector for detecting the reflected light from said disc through said
beam splitter.

45.  An optical pickup device as claimed in claim 43, wherein said light
. 30 controlling means blocks the light in the intermediate region of said light path.

46.  An optical pickup device as claimed in claim 43, wherein said light

T 0 40 U




800 where it is detected and converted to an electric signal. The

phot odet ect or 800 Is for obtaining a focus error signal by
astignmatic aberration and is a generally a guadr ant detector.

Her ei nbel ow, the characteristics of the photodetector 800 in the optical
25 pi ckup device according to the present invention will be described in

det ai |l . WO 97/0869s shown in FIGS. 21 and 22, a spot f or nREI/KRIGU9ES0
center of the phot odet ect or 800 has central regions 90la and 901b
corresponding to the light of the near 3xi s region and peri pheral

regi ons 902a and 902b Cﬁrres ondi n t'glF ,hﬁ ) ) Iie%,ht of the far_ axis
region. The "a" and®emo H&‘qu{’é 355 k ip the intermediate region of said light pathc k
disc and on a thin disc, respectively. Specifically, FIG 21 shows the case
of a conparatively thick disc, e.g., a 1.2mnndisc, -and FIG 22 shows the
case af a conpar a41.vel 4n optical pickep deviee 3s claited imrclding 43, Whereintsaiddighi n
O e S opisy  conoufhg BBk biffracts the light in the intermediate region of gaid light path
insignificant in5the central region 90la by the light of the near axis

regi on, i rrespecti of ,the.disgc. thickness. However, the change in
di gmet ers is signi ff’cameEf Anopt.lcai pickup device as clalme%n claim 43, wheremgsald light

controlling means absorbs the light in the intermediate region of said light path.

49.  An optical pickup device as claimed in claim 43, wherein said light
10  controlling means reflects the light in the intermediate region of said light path.

50.  An optical pickup device as claimed in claim 43, wherein said light
controlling means transmits the light in the intermediate region of said light path
- in a direction irrelevant to said focal zone.
15
51.  An optical pickup device as claimed in claim 43, wherein said light
controlling means refracts the light in the intermediate region of said light path in
a direction away from said focal zone.

20 52.  An optical pickup device as claimed in claim 43, wherein said light
controlling means has a predetermined region for preventing light in an
intermediate axial region of said ‘light path from reaching said focal zone, said
predetermined region having an outer diameter smaller than the effective diameter
of said lens. '

25

53.  An optical pickup device as claimed in claim 43, wherein said light
controlling means is a light controlling film of a predetermined pattern located on
said lens.

30 - 54.  An optical pickup device as claimed in claim 43, wherein said light
controlling means includes a transparent member.

AT A



in the internediate region 903a, in which the light is blocked by the |ight

control ling menber 100. 5 First, referring to FIG 21, the
central region 90la corresponding to the near.axis region is in the
center of the photodetector 800 and t he peripheral region 902a

surrounds the photodetector 800. The internedi ate regi on 903a between the
central region 9%W0O®7e86dlt he peripheral region 902a is the port iREFHRIE(P1S0
whi ch the light is elimnated by a light _controlling nenber. Since
t he peripheral region 902a 10 and the inter med? at e regi on 903a are

substantially enl arged by_spherical. aberratjon . in this exgnple wher
the reflective surface ofsihe ‘{ﬂ 5’90‘?82 pickyp ‘*"H@epaér%&?‘?a ‘F‘oﬁlﬁ’? 5, wherelp, sgi
the Iight of the neagampirent Herhifceds sﬁacé@gaa%mrsﬂidu&iscuy@weaaeﬁiﬁaa isthngdI™M

thick disc. Referring to FI 22, both thé central (i.e., near
axis) region 901b and the 15 peripheral (i.e., far axis) region 902b are

formed on the detection sy fac . . 010 tor 800 Jhe se. . In.
this exanple, the refl ect‘}f{{ie slgt} %&%%?g?cﬁ“ﬁedﬁvﬁﬁgn&dgg%&ﬁ i dg\r% Sﬁ'é%% said
m ni mum circl e of 5t hgalispaent memiser olndes heleassone ighidontrofling ifitm! of Ghjredtermined
t he near and far axes regions are used in reproducing information froma

thin (0. 6nmm) dP¥EM-exc| uding the light of the i'ntermedi ate region
which is elimnated by 20 a light controlling nenber. Here, the dianeter
of the near axis region 901b, being. araxial, maintains a relativel

constant value irrespecti¥ ofAmopticebpickupedevice as claimed in claim 43¢ stheraie said light

above, in order to r&ﬁﬂ'nil Is LS i s .
t hi cknesses, the optica ‘yﬁg‘ﬁﬁ%‘gé@f‘{c"égﬁég‘%‘r I'n YSW‘%@Q‘E%%‘%%?%‘F

adopts a pHot opsttesst Iovated@ 06 said\lemsed so as to receive only the |ight of
the near axis region in 25 reading information froma thick disc and
receive the |ight of the near and far axes regions in reading

information froma thin dig&c. Ameptkabpickupdisviteas chimdd itticdimi 43, wherein s4ié tighta
signal corresponding to the [ight, of the near axis_region i,s optained. \\hen
a thin disc is used, “¥H% %W@?Pﬁpﬂﬁfe?t E?Ffé’ﬂ&% BWWWOPPQ%%%

the Iight pattern.

15 .

59. An optical pickup device as claimed in claim 58, wherein said
surface irregularity includes a groove having a side wall of a predetermined slope
with respect to an axis of said light path..

20 60.  Anoptical pickup device as claimed in claim 59, wherein said groove
~ is V-shaped.

61.  Anoptical pickup device as claimed in claim 59, wherein said groove
has parallel sides and said lens in a flat lens.

05 . . _

62. An optical pickup device as claimed in claim '58, wherein said at
least one surface irregularity includes a protruding wedge-shaped rib.

63.  An optical pickup device as claimed in claim 58, wherein said at
30 Ileast one surface irregularity includes a roughened surface.

64. An optical pickup device as claimed in claim 58, wherein said
I ——
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of the near and far axes regions, is obtained. 30 : FIG 23 shows
anot her type of phot odetector 810, which has an octahedron or
ei ght-segnment structure wherein a second detection region 812 is provided
around a first detection region 811 which is centrally |ocated and

equi valent to the WO 97/ 08691

PCT/ KR96/ 00| 50 WO 97/08691 . ) OPCT/KR96/00150
guadr ant phot odetector shown in FIG 21. Here, first detection region 811
consi sts of four square first-1li ght-recé3vi ng elements A, Bl, Cl and

D1, and second

etectiqgn.regi.on 812 consists, of four L-sh d .
second- | i ght - recei vi® °8|'Eﬁ€ﬁ%'¥y ,luc?cs a glf%?’,m@a'é’ﬁﬁ fﬁz&l#m“f:mg tﬁg?lghwq #id;s
error signal obtai nesletmediaty R@ioh/oF sHANPREPHR Aawh] Font! i@ §dcal zghe0 i S

shown in FIG 30, when information is read froma thick disc. Here, the-
si gnal . fromthe first light receiving region 811 only is indicated by

Focel ving reghons 811 ang 17 SPa Ebh OEBP Wibohdfe L Lihn 35 pRGERMd A

FIGS. 24 - 26, arfd 23 arfctiveosurfabe | i ght receiving states of the.

10

15

20

30

66. An optical pickup device according to claim 43, wherein said lens
is a diffractive lens.

67.  An optical pickup device according to claim 43, wherein said lens
is a planar lens. '

68. An optical pickup device as claimed in claim 44, wherein said
photodetector includes a first light receiving region for receiving only light in said
near axis region reflected from a relatively thicker disc, a second light receiving
region surrounding said first light receiving region; wherein said first and second
light'receiving regions receive light in both near and far axial regions reflected |
from a relatively thin disc.

69.  An optical pickup device as claimed in claim 68, wherein each of
said first and second light receiving regions of said photodetector include segments
parti.tioned in quadrants. |

70. A method for discriminating discs having different thicknesses,
comprising the steps of:

providing an objective lens for focussing light in a light path into a focal
Zone;

preventing light in an intermediate axial region of said light path from
reaching said focal zone, said intermediate axial region being located between a

near axial region which includes a center of said light path and a far axial region

located radially outward from said intermediate region;

permitting light in said near and far regions of said light path to reach said

A,




phot'odet ector, when a thin disc (digital video disc) is used, and when a
t hi ck disc (compact disc) is used, respectively. The
first detection region 811 has dinmensions such that the size of the first
. region 811 should be optim zed to receive the light fromthe near axis
region 15 wthout |oss when information is read froma thick disc, and

not to receive wueonosght fromthe far axis region. AdditPERER/001EH e
first and second detection regions 811 and 812 have di nmensi ons such
that the |ight beans of the near axis and far &&is regions are all
received when information is read froma thin disc, as shown in FI G
24. \Wen informati orfofd ZPR&d froma thick disc, the light of the far axis
20 region inpinges on t f dasthe JeB6 QWY disks GG Hiffdrént MfckHELSNini said
FIG 27. FIGS. 24, 25 and 26 show the light receiving states

when an objective | dhealzone; s in focus with respect to a thin disc, when
the objective lens is poshhionaMil@n’ i near end bW niGleofi AU 0’ B2
obj ective lens is positione ear e di SC, respectively.
Simlarly, FIGS. 27-d&i§t intoosledthie sighglhusing acjuudragt plicdddetectpen an 25
objective lens is in focus with respect to a thick disc, when it is

positioned too far obtaining at legstone of 7 suip sigoal a‘i%a&“&s%ﬁé@ﬂb@"ﬂeﬁid
the disc, respecti Ve(iu‘édram hotodetector by' ﬁc&ﬁﬁnfg%alﬁgﬁéﬁgfg%c&l&ﬁéﬁybmﬁiﬁ

an .
af orenenti oned structure, the entire” S1 , 1.e , that fromboththe
first and second | i ¢#xialpesition phgpid ebjeetive lgnsia predegnmined number of timesd i n
reading information from m}pglii{lk s Wi hfun?' | ofa, ;l'ifﬁ[
| i ght receiving region 81‘% S gdd&%%ler%e}go(ﬂgrﬁ% s|afr(1if or n%lg?%nmprsgﬁﬁéafshl C;Ssﬁgnﬁp
di sc. 10 Rwith aJirstakfevence ivelué correspending ts aghialdischanges by t he

signal fromthe first thtein!pug:Pgt glrrqgﬁ:\%i&{sicnig tﬂlgqf Sdid (aP %Lgtdonleio?%aié‘)su%ns?gn%y and

the entire signal fromt
said focus error signal is greater than said first reference value;

comparing said at least one of said sum signal and said focus error signal
with a second reference value which is smaller than said first reference value only
15 if said at least one of said sum signal and said focus error signal is smaller than
said first reference value; and | .
determining that the disc is thick if said at least one of said sum signal and
said focus error signal is greater than said second reference value.

20 71. A method for discriminating discs having' different thicknesses
according to claim 70, wherein both said sum signal and focus error signal are
simultaneously compare to first and second reference values, respectively.

72. A method for detecting focus on at least two discs having different
.25 thicknesses, comprising the steps of:
providing an objective lens for focussing light in a light path into a focal
Z0ne; S
placing one of said at least two discs having different thicknesses in said
focal zone;
30 preventing light in an intermediate axial region of said light path from
reaching said focal zone, said intermediate axial region being located between a

near axial region which includes a center of said light path and a far axial region
N
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second |light receiving regions (dashed line B) when information read froma
t hi ck disc. The difference between the shapes indicated by the solid

line A and the dotted line B conmes fromthe anount of scattered |ight
in a thick di scwWoi%1/0849¢ oct ahedr on phot odet ect or 810, scCREERMPOIS0ght
that is originated froma | arge 5 spherical _abberation of the thick disc
is detected mainly by the outer photodetector 33 812. This scattered

| i ght detected by the o(gter hot odet ect or 812 causes i ncrease in the
anplitude of the fo ted padiglly qubwand frorn spid ermediate ggioast abl e f ocus error

signal as showi in the dgifnffing hﬁ'ﬁlﬁsaﬂ’lﬂaﬂﬁdtfdf&gxdﬂﬁ'%f'sa?ﬂx tt[ﬂﬁl can&g’ tGfd

l'i ght i mpi ngi ng on the inner photodetector 'S use

possi ble to reduce fogal zomes effect of the scattered l'ight on the S-curve as
shown by the solid |ine anEﬁ he focu naJ
as denoted by Ais better t‘!ﬂan gglsllwggea?f{'éaﬁ f'%?’ﬁgﬁ“a ?é?cgedc

point for the foéusdmnMebctgnaigm]s;i the symetry of the signal

the zero-cross point are i 3 nt haracterlstlcs to identify the on- focus
posi tion of a obj e'tsﬁrgvp OF 9qus etgglon, electric signals ¢errespgading (o hothinear and

above, when i nf or mefa @fiai fegidaadvﬁ‘ef:%ﬁuqlghhis%ﬂéét&ﬁmm a rela Pbélﬁ i i Gid O
signal conponents are obtained by using onl ht o e near

axi s region, thereby obtYing & focus fémffélonoela@neusxgoals shmespbnding tthankp siic nEarG
30. axial region when said light is reflected from a relatively thick disc; and

10 ' detecting focus based on said used electrical signals.

73. A focus detecting method as claimed in claim 72, wherein said light
_ converting step includes receiving said light in quadrant photodetectors and said
detecﬁng step includes astigmatic focus detection.

15 |

74. A method for reproducing information from at least two discs havmg
different thicknesses, comprising the steps of:
' providing an objective lens for focussing light in a light path into a focal
zone; _

20 preventing light in an intermediate axial region of said light path from
reaching said focal zone, said intermediate axial region being located between a
near axial region which includes a center of said light path and a far axial region
located radially outward from said intermediate region;

permitting light in said near and far regions of said light path to reach said
25 focal zone; |
- | placing one of said at least two discs having different thicknesses in said
focal zone;
converting light in said near and far axial regions which is reflected from
said disc into electric signals in an inner photodetector and in a outer photodetector
30 surrounding said inner photodetector;
using electric signals corresponding to both near and far axial regions
converted in both said inner and outer photodetector when said light is reflected

A R



As described above, in the focus controlling method of the objective |ens
devi ce and optical pickup device adopting the sane according to the present
20 invention which has a size reducing effect of the light spot, i.e., the
| i ght anount of the portion "B".of FIG 5, and a focus error signal
stabilizing effect, since only a single focus error signal is
generated irrespeodessdnf a di sc thickness, an addi t i onZCTARE0150
control neans is not required in order to use the different thickness
discs. 25 Al so, the magnitudes of the d&t ected focus error signal s
are different dependi.n the disc thickness. In other words, as
showmn in FIG 31, al fr agﬂgw&y%%nd&pr of the near and far axes regions

reach a photodetector in ishf eléthtc signals &édtredpording to sbaf Sxialorégiofi tokivert2d ih iofilyt
of the near axis region_ reaches the photodetector i.n the case

letect ( . . of  a
thick disc, thereby %ifinner phatodetesion dthen gaif lightjisgeflecjedfrom ayelatively thick disc.
operation of discrimnating the disc type will now be described in detail
with reference to the flowhart of FIG 32. If a thin or
thick disc is insérted (sT®p 10Methddofon yecording rinfofmbtionhomr anleast! two discs havingO
97/ 08691 cer . . . '
PCT/ KR96/ 00150 different thicknesses, comprismg the steps of: 22
providing an objective lens for focussing light in a light path into a focal
zone;
placing one of said at least two discs having different thicknesses in said
10 focal zone; '
preventing light in an intermediate axial region of said light path from
reaching said focal zone, said intermediate axial region being located between a
pear axial region which includes a center of said light path and a far axial region
located radially outward from said intermediate region; and
15 permitting light in said near and far regions of said light path to reach said
focal zone. '

76. A lens device as claimed in claim 58, wherein said at least one
surface irregularity of a predetermined pattern formed on at I€ast one surface of

20 said lens.

77.  An optical pickup device as claimed in claim 43, wherein said
intermediate axial region is defined by a disc thickness.

25 78.  An optical pickup device as claimed in claim 43, wherein said disc
is of the type of DVD or CD.

79.  An optical pickup device as claimed in claim 43, wherein said disc
having a thickness of 0.6+0.1mm or 1.2+0. lmm.
30 _
80. An optical piékup device as claimed in claim 43, wherein said disc
is made of glass or plastic.
: I —

‘) O A



t he bosition of the objective lens relative to the disc) is i ncreased or

decreased to discrimnate the range of an objective lens, i.e., the
type of a disc, as shown in FIG 33. The objective lens is noved up
and down mtines (nel, 2, 3,...) within its range of focus

adj ustment, thereby obtaining a sumsignal fromthe 5 phot odet ect or
(addi ng toget heWaA708@ignal s from each of the eight quadrants)PEF¥RA6001S0
focus error signal (S[err]) (step 101). Since_a quadrant photodetector is
used, the focus ~ error signal ts obtai ned’ by a conventional astigmatic
met hod such as di scl osed U.S. Patent 4. 695, 158 to Kot aka et
al, for exanple. Being C%L\,e,éllegﬁgpwceaﬁ;cordmgto %%tWWWME@Fanﬁaﬁ@!
be bel abored. Exper regidtisakd defined BRthORRGun: 0P WPtiddl Aberratidn, t Ne anpl i tude of
the focus error signal for a thin disc reproduction i's four tinmes that

for a thick disc reproduction, that the light intensity is enough for

conpatibility W t hgpot h bﬁﬁcai .error.signal
stabilization is reali ze Al iﬁ%lill'lﬁﬁéelﬂcéf'rn) ?&(#qégﬁgﬁ%awhﬁm Wﬂ F'B?‘l
is reduced by thé abmoéﬁldemhdvmgadxfferentrﬂﬁdkmdssto r.eproduce a si gnal
recorded onto a disc. However, the spherical 15 aberration is larger than
that of the optical pickup for the conventional conpact disc pI ayer
thereby resulting in theg3let eAi melibd For Qfis dag&g %,ﬁgmmmT

it is preferable that a dl&ta’l wavef orm eﬂual izer 1s used, such as s

in FIG 36, pidlaging opg pf;and BY loakt two disas bamwt
signal fo(t) in accgifipde fo(t)
= fi(t+r) -K[fi(t) §$f|(t+gfl%l?lfﬁs§s]wgfhhe%gpg err‘ﬁr 'S a predet erm ned del ay
time, and Kis a predeterm ned anplitude divider, as shown in FIG 32.
(steps 106 and 117). Once the focus error signal S[err] and
the sum signal are obtai ned (step 101), _

[



it Ts determi ned whether the focus error signal Sf is greater than a first
ref erence signal for a thin disc (step 102). At this tine, the sum
signal may be also 25 conpared with the first reference signal in
accordance with the design. conditions. 38 As shown in FIG 34, if.
the.first reference value is | ess than the focus signal S[err] or the
sum si gnal , itAibM?to?rtﬁg ﬂﬁgnﬁ&flt the disc is thin (step 103) and focusing

and tracking are comntrnoousty performed (step 104) in accordance with this °
determi nation, ther @blensldevicaiwhictacam pe ased:a$ an objegtizé l¢nstinpn qipl pickuhe

BT et O B35 P49l (0SBt Ul e BB ik

PCT/ KR96100150 ' d havi etermined effective diameter, and liht controlling O
obtain a wavef SsronqaeocliuSgPP)z?nng %’.“bgn%? step 107). However, If tﬁgglfi rst ing

reference 5 mean$ UA00)s providedralomgrthe hliglitopath dor wontroljing! tef dight iar anhe
sumsignal, it _is then ) det er m ned ether the f.Qcus.ertor sjgnal, LS
greater than t fsemracdiatg W@?%Pmnmd araxesaﬁapgg Fﬂﬁ}é‘mm@h{h&

disc (step 113 rovidihe a simplified Afd fleRpnsive device 18P using dises of fifferingrthicknasce

value is greater t ocus .
in a single disc drive, by reducing the spherical aberration effect.



error signal Sf or the sumsignal and the focus error signal S[err] or the

sumsignal is greater than the second reference value (step 113), it
is determined that the disc is thick (step 114) and focusing and
tracking are continuously perforned (step 115). t hereby obtaining a

reproduction signal (step 116). The reproduction signal passes 10 through
a wavef orm eqi¥® P¥ass91(step 117) for a thin disc to obtain a waraire6m0150
equal i zing signal (step 118). If the focus error signal S[err]
or the sumsignal is smaller than a second reference signal, an error
signal is generated (step 123). The focus error signal and the sum
signal can be used to discrimnate the disc type clearly and this nethod

15 using both signals reduces the discrimnation error. As
descri bed above, the | ens device according to the present invention has
vari ous advantages as foll ows. The | ens device according to
the present invention adopts a |light bl ocking or scattering neans which
is sinple and easy to fabricate, instea b a conplex and 20 expensive
hol ogram | ens. Al so, since the |light can be used w thout being separated

by a hologramlens, the | ens device has higher light utilizing efficiency

t han t hat of the tiorfal device. In addition,IﬁIrjg agmery smal
beam spot is forned, t performance of recording spr a@uci ng
i nformati on can be enhanced. Since the lens device with a |ight

bl ocking, refracting, diffracting or scattering nmeans has 25 a single
objective lens, it is very sinple to assenble and adjust the optical pickup
adopting the lens device. Al so, since a signhal which can discrimnate the

di sc type is al ways obtained regardl ess of thgthickness of the
di scs, additi ogg—nEa ' 1 required r_dijscrim nafling the Hisc
type. In contrast, S ' evi ce usi § bhal o m has tp

30 device
sed for

adopt additional nmeans to di

generates nultiple signals. |JAnbpg the nultiple signals, ope

thin di scs ang e suised for thick discs,
2
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Whil e the invention has been particularly shown and described with

WO 97/ 08691 '

PCT/ KR96/ 00150 24

reference to a preferred enbodi nents thereof, it will be understood by

t hose skilled in the art that various other changes in form and
details may bewowuesspherei n wi t hout departing from t he PEBRIGOUAY
scope of the invention. For instance, the relative position of the
discs in the light path can be aItere@, %pereby changi ng t he 5 spot
patterns and consequently the details 6? t he various nethods using the
electrically converted spot pattern I ndustrical Applicability
The present invention can be utiIiziﬂBG};ﬂ1Einical system adopted in the
10 fields of recording nedia for recording/reproduci ng video or audio
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WO 97/ 08691
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PCT/ KR96/ 00150
What is clainmed is: 1 A |l ens device conpri sing:

a lens focussing light into a focal zone and having a predeterm ned
effective di aneter; and 5 light controlling neans provided

in alight paWO®¥086%i d | ens for preventing i ght in aRCI/KRO60HEHS at e
axi al regi.on of said light path fromreaching said focal zone, said

i nternmedi ate axial region being |ocated bﬁy n a near axial region

whi ch includes a center of said |ight pat d a far axial region |ocated
radi ally outward fromsaid internediate region, said |ight
controlling neans permitting light 10 in said near and far regions FF sai d
light path to reach said focal zone. 2. A |l ens device

according to claim1, wherein said lens is an objective | ens.

|
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15 3. A lens device as clainmed in claim1, wherein said |ight
controlling means bl ocks the light in the internediate region of said
| i ght path. 4, A lens device as clained in claiml,
wherein said light controllin means scatters the light in the
intermedi ate region of said light path. 20 5. A lens

devi ce as cl aiw@#7/088%1cl ai m 1, wherein said |ight controlling pcrkrosHBRNS
diffracts the light in the internediate region of said |light path.

6. A lens device as clainmed in claim1, wherein said |light controlling
25 means absorbs the light in the internedisd25region of said light path.
7. A lens device as clainmed in claim1l, wherein said |ight controlling
means reflects the light in the internediate region of said light path$
30 8. A lens device as clainmed in claim1l, wherein said |ight
controlling means transmts the light in the internedi ate regionjof
said light path in a direction irrelevant to said focal zone.
)
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9. A lens device as clained in claim1l, wherein said |ight controlling
means refracts the light in the internediate region of said light path in a
di rection away from said focal zone. 5 10. A |l ens

devi ce as cl ai NQI9%486| ai m 2, wherein said |ight controlling PCI/KRIGMOE0S
controls the light in the intermedi ate regi on between near and far axes of

t he incident |ight beam by at |east one of bl ocking, scattering,
diffracting, refracting, absorbing, transmtting, and reflecting.

10 11. A lens device as clainmed in claim1, wherein said |ight
controlling means has a predeterm ned region for preventing light in
an internedi ate axi al regi on of sabd25 ght path fromreaching said
focal -zone, said predeterm ned region havi ng an outer dianeter

smal ler than the effective dianeter of said |ens. 15 12. A

| ens device as clainmed in claiml1, VWFTIG(}'I sa@Ai ght controlling

Aa
oo £.~-

2

x‘lO.B(mm)



means is at |east one light controlling filmof a predeterm ned pattern

| ocat ed on said | ens. 13. A |l ens device as clained
inclaiml, wherein said light controlling 20 neans includes a transparent
menber . 14. A lens device as clained in claim 13, wherein
sai d transparent menber is spaced apart fromsaid | ens by a
predet er mi ned WOSA7&BRIL. 25 15. A | ens devi ce asPCI/ERYs0150N
claim 13, wherein said transparent menber includes at | east one
light controlling filmof a predeterm ned pattern. 16. A
| ens device as clained in claim1, wherein said light controlling

means i ncludes at | east one light controlling filmof a predeterm ned
pattern |l ocated 30 on said |ens. 17. A |l ens device as
claimed in claim1, wherein said light controlling

6/ 25
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WO 97/ 08691

PCT/ KR96/ 00150 27 nmeans
i ncludes at |east one surface irregularity of a predeterm ned pattern.
18. A lens device as clained in claim 17, wherein said at |east one

surface irregularity includes a groove having a side wall of a
predet er m ned WDIP086%1 5 with respect to an axis of said |i ghtPEERKRI600150

19. A lens device as clained in claim 18, wherein said groove is V-
shaped. 10 20. A lens device as clainmed in claim 18, wherein
sai d groove has parall el sides and sa?gé¥§ns in a planar |ens.

21. A lens device as clainmed in claim 17, erein said at |east one

FIG. 7A
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surface irregularity includes a protrudi ng wedge-shaped rib. 15

22. A lens device as clainmed in claim 17, wherein said surface
irregularity includes a roughened surface. 23. A lens
device as clained in claim 17, wherein said surface 20 irregularity
includes a diffraction lattice for diffracting the light in said

i nt ermedi ate WO97/0868yi on of said |ight path away from sai d fRETAHRIEONS)

24. A |l ens device according to claim1, wherein said |l ens has a
refractive surface. 25 25. A |l ens device according to
claim1l1, wherein said lens is a diffractive | ens. 26.
A | ens device according to claim1, wherein said lens is a planar 30 |ens.
27. A nmet hod for manufacturing a |lens conprising the steps of:

8/ 25
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providing a first nold part having a |l ens surface pattern on an inside
surface of said first nold part; form ng an internediate
axial region in said | ens surface pattern, said i nt ernedi ate axi al

regi on being | HKAPUPHet ween a near axi al regi on which i ncl udeET/KRS6/00450
center of said lens and a far axial region |ocated radially outward from

said intermediate region, said integyegfate axial region for
preventing light incident onto t he L ntergedi ate region of a nol ded
| ens fromreaching a focal region of iﬁl . nol ded | ens;

provi ding a second nold part corresponding to said first nold part; 10
placing lens material between said first and se fod nold parts; and
formng said | ens having an internedi at e _peit L.on between said first and
second nold parts. ‘ manuf acturing a | ens
as clainmed in claim27, wherein step incl udes

conpr essi on nol di ng.

101




29. A nmethod for manufacturing a lens as clained in claim 27, wherein

said lens formng step includes high-pressure injecting nolding. 20

30. A nmet hod for manufacturing an objective lens as clained in claim

27, wherein said internediate axial region has at |east one shape sel ected
fromthe roup consisting of a stepped shape, a wedge-shape, V-shape,
and an rough SYY%%’B&” shape. 25 31. A net hBEI/KB96/00150
manuf acturi ng an objective lens as clainmed in claim 27, wherein said
internedi ate axial region formng step includes etching said |ens

surface pattern. 32. Alens nold for formng a |lens, said
| ens configured to focus light 30 into a focal zone, said lens nold
conpri si ng: a first noldygyrpdor formng one surface of said
| ens and having a | ens surface pattern on an inside surface of said

first- nold part, FTG;lOA_

200——-

101 101
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said | ens surface pattern including an intermnedi ate axial region

| ocat ed between a near axial region which includes a center of said | ens
and a far axial region located radially outward from said

i nternedi at e MQPUMWIsai d i nternmedi ate axi al region i NnCICIG{RYG/00%S0

| east a surface irregularity of a predeterm ned 5 pattern, said surface
irregularity forming a light controlling nmeans in said lens for

permtting light in corresponding near and far regions of a |ight path, but

not |ight in a corresponding internmediate region of said |ight path,
to reach a focal zone of said lens: and a second nold
part for form ng an opposing surface of said lens. 10 33.

A lens nold as clained in claim32, wherein said surface irregularity
includes a groove having a side wall of ajpfe@deternm ned slope with respect
to an axis of said light path. 15 34. A lens nold as

claimed in claim33, wherein said grqugltz Yt()IB shaped.




35. A lens nold as clained in claim33, wherein said surface irregularity
I ncl udes a parallel sided protrusion and said lens in a planar lens. 20

36. A lens nold as clained in claim33, wherein said surface irregularity
i ncl udes a protrudi ng wedge-shaped rib. 37. A lens nold
as claimed in claim33, wherein said surface irregularity 25 includes a
roughened sur f WOS7/08691 38. Alens nold as cl ai rREI/KRI6ODIED m
33, wherein said surface irregularity includes a diffraction lattice
for diffracting the light in said internmedi ate regi on of said |ight
path away fromsaid focal zone. 30 39. A lens nold
according to claim33, wherein said quz/gas a refractive surface.

1 5 '
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40. A lens nold according to claim 33, wherein said lens is a diffractive
| ens. 41. A lens nold according to claim 33, wherein said
l ens is a planar 5 | ens. 42. A lens device as clained in
claim17, wher¥OP78%9H at | east one surface irregul ari tRCTatRS/00150
predeternlned pattern fornmed on at |east one surface of said | ens.

10 43. An opti cal pickup gynge conpri si ng: a

| i ght source; an objectiive provi ded along a |light path
fromsaid |ight source projegi;1 Ilgﬂiépﬁﬁo a disc, said objective

| ens focussing light into a focal zone and aving a predeternined
effective dianeter; and l'ight controlling means provided in
the Iight path of said lens for preve light in an internedi ate
axial region of said light path fropfreachi ng sarny focal zone, said

i nternedi ate axi al region being | g€ated v Pt region

whi chr i ncludes a center of said region | ocated
radially 20 outward fromsaid p R vaid [ight controlling
means permtting |ight i nfsaip . egilons of said |light
path to reach said focal zone. 102’
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44, An optical pickup device according to claim43, further conpri sing:
a beamsplitter provided between said |ight controlling neans and said

light 25 source; and a phot odetector for detecting the
reflected light fromsaid disc through said beam splitter.

45. An optical yickup device as clainmed in claim43, wherein said |ight
30 control | i nVH¥488%p| ocks the light in the internediate re@CIKRIEONS0 d
| i ght path. 46. An optical pickup device as clained in
claim43, wherein said |ight WO 97/ 08691

PCT/ KR96/ 00150 : 14/ 25 31
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controlling neans scatters the light in the internedi ate region of said

i ght pat h. 47. An optical pickup device as clained in
claim43, wherein said |ight controlling neans diffracts the light in
the intermediate region of said |ight path. 5 48. An

optical pickup device as clained in claim43, wherein said |ight

control ling mo%R8786%rbs the light in the internedi ate regi ®&TAHRIGHIIH0

| i ght path. 49. An opti caI i ckup device as clainmed in
claim43, wherein said light 10 control 11b gé) Teans reflects the light in

the internediate (on of M lig 0. ptical
pi ckup devi ce as Eeggéd i:'ﬂaEi m 4gFmrei rlglE | ngIGTS 910561 ling
nmeans transmits the light in the internediate regi on of said li'ght path

in a direction |rrele\pa*nt‘*t-o said focal zoerre~_ —-5J, An
optical pickup devi € as clal (nsd in clafmda3s whgrel n sm?/ﬁ ght ~
controlling neans refracts the |ight i Tht eryredi ate fegion of said
light path in 'a Ton away al zonew—\ 52.
An optical pickup dgvice as clsai med |n aim 43, /Wnerel n d light / .
control ling means has_a predeterm ned regl on for/preventi hg l'i ght |,44 an

i nternedi ate axi al regh(m-erf said |ight path_f+rom reachi ng sai_d_fetal zone,

sai d
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predeternined region having an outer dianeter smaller than the effective

di anet er of said lens. 25 53. An optical pickup
device as clained in claim43, wherein said |ight control ling neans
is alight controlling filmof a predeterm ned pattern |ocated on

said | ens. 30 54. An optical pickup device as clainmed in claim
43, wherei n sawo 9/phaght controlling neans includes a tr®CIKRICDILI50
menber . WD 97/ 08691

PCT/ KR96/ 00150 : 32

55. An optical pickup device as clainmed in claimb54, wherein said

transparent nenber is spaced apart fromsaid |l ens by a predeterm ned
di st ance. :
16/25
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56. An optical pickup device as clainmed in claimb54, wherein said 5
transparent nenber includes at |east one light controlling filmof a

pr edet er mi ned pattern. 57. An optical pickup device
as claimed in claim43. wherein said |ight controlling neans includes
at least one light controlling filmof a predetermned 10 pattern |ocated
on said | ens. WO97/08691 58. An optical pickup devi ce aBCT/KRp6®asoi n
claim43, wherein said |ight controlling neans includes at |east one
surface irregularity of a predeterm ned pattern. 15 59.
An optical pickup device as clainmed in claimb58, wherein said surface

irregularity includes a groove having a side wall of a predeterm ned sl ope
with respect to an axis of said light path’ 25 20 60. An optica

pi ckup device as clainmed in claimb59, wherein said groove is
V- shaped. 61. An optical pickup device as clainmed inaclaim
59, wherein said groove has parallel sides and said lens in a f?qg
| ens. 25
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62. An optical pickup device as clainmed in claim58, wherein said at
| east one surface irregularity includes a protrudi ng wedge-shaped rib.

63. An optical pickup device as clained in claim58, wherein said at 30
| east one surface irregularity includes a roughened surface.
64. An optical Pickup device as clainmed in claim58, wherein said
WO 97/ 08691 WO 97/08691 PCT/KR96/00150
PCT/ KR96/ 00150 33
surface irregularity includes a diffraction lattice for diffracting the
light in said intermedi ate region 9§ /9ayd |ight path away from said
focal zone.
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65. An optical pickup device according to claim43, wherein said | ens 5

has a refractive surface. 66. An optical pickup device
according to claim43, wherein said | ens is a diffractive |ens. 10
67. An optical pickup device according to claim43, wherein said | ens

Is a planar |ens. 68. An optical pickup device as clained
in claima4, WEP20%9%3 d phot odet ect or i ncl udes a fi r PCTIHRIHN0150

receiving region for receiving only light in said 15 near axis region
reflected froma relatively thicker disc, a second |ight receiving
region surrounding said first light receiving region; wherein said first

and second | i ght receiving regions receive light in both near and far
axi al regions reflected froma relﬁg'v%k¥ thin disc. 20
69. An optical pickup device as clained A ai m 68, wherein each of

said-first and second |ight receiving 3?T<§E§ciai?id phot odet ect or i ncl ude
. 70. A. net hod for

segnent s partitioned in quadrant
di scrimnating discs having different thicknesses,

FIG. 22
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25 conprising the steps of: provi ding an objective |lens for
focussing light in a light path into a focal zone;

preventing light in an internmedi ate axial region of said light path from
reaching said focal zone, said internedi ate axial region being |ocated
between a 30 near axial region which includes a center of said |ight path

and a far axi AVOPERRESN | ocated radially outward from sa&QI/KR96/00150
i nternmedi ate region,; permtting light in said near and far
regions of said light path to reach said WO 97/ 08691

PCT/ KR96/ 00150 34

focal zone; pl aci ng one of said at |east two di scs having
di fferent thicknesses in said focal zone; converting

light in said near and far axial regions and reflected fromsaid 5 disc
into.electric signals using a quadrant photodetector;
obtaining at | east one of a sun1signa12@gxtgifocus error signal fromsaid

FIG. 23 FIG. 24
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guadr ant phot odet ector by increasing and decreasing focus current
controlling an axi al position of said objective |lens a predeterm ned
nunber of tines; conparing said at | east one of said sum
signal and said focus error signal 10 with a first reference val ue
corresponding to a thin disc; determning that the disc is
thinif said so%mgetn one of said sumsignal and sai d pEOKRI6/60150
signal is greater than said first reference val ue; conpari ng
said at | east one of said sumsignal and said focus error signa
with a second reference value which is smaller than said first reference
value only 15 if said at |east one of ng un1signa| and said focus error
e

signal is smaller than said first rence val ue; and

determning that the disc is thick if f 22§’St one of said sum signa
and . said focus error signal i ter an said second reference
val ue. 20 71. A nethod for discrimnating discs having

di fferent thicknesses accordjng to cl.ai-m_70, wherein both said sum
signal and focus error signal are .-, s]ﬁHPtaneoust conpare to first
and second reference val ues, raspectively. s . 810 72 A nmet hod
for detecting focus on at Ieast tmb d1sc~ -Qas ng diffe ent 25 thicknesses,
conprising the steps of: ‘ -,-gnp Tdrq- rabeehj'ective lens for

focussing light ina light path-lntd AN w:-ZZUHQ;
pl aci ng one of said at |east tmn“dr.j'z' 111X er'ent. t hi cknesses in said
focal zone; 30 ' T ‘ érnedlate axi al region
of said light path from

902b
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reaching said focal zone, said internediate axial region being |ocated

bet ween a near axial region which includes a center of said |light
path and a far axial region WO 97/ 08691
PCT/ KR96/ 00150 35

| ocated radially outward fromsaid internedi ate region;

permtting |igwo97m86ai d near and far regions of said |ight pPRCMKRIE/0EAChH
sai d focal zone; converting light in said near and far
axial regions and reflected fromsaid 5 disc into electric signals;

using, for focus detection, electric signals corresponding to both near and
far axial regions when said |ight isn%?iﬁ?%pd froma relatively thin disc;
and usi ng, for focus detectl el ectric signals corresponding
to only said near axi al regi on when sqidghmgthi§ reflected froma
relatjvely thick dj and detegtjHq, f 3 based on said used
eIectricaY signaIgIPI(}- E!{; _Q‘lhg_"qd' '
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73. A focus detecting nmethod as clainmed in claim72, wherein said |ight
converting step includes receiving said |ight in quadrant photodetectors

and said detecting step includes astigmatic focus detection. 15

74. A nmet hod for reproducing information fromat |east two discs having
di fferent thicknesses, conprising the steps of: provi di ng an
obj ective | enswiboresgocussing light in a light path into a foceCT/KRI6/0015ne;
20 preventing light in an intermediate axial region of said |ight
path from reaching said focal zone, said internediate axial region
bei ng | ocated between a near axi al region which includes a center of
said light path and a far axial region | ocated radially outward from
said internedi ate region; permtting light in said near and

far regions of said light path to reach sapg/2% focal zone;

placing one of said at |east two discs having different thicknesses in said
focal zone; converting ligh saiﬂ?ﬂ ar and far axia

regions which is reflected from sai ive'c i | ectric signals in an
i nner . phot odet ector and in a outer photodetector 30 surrounding said inner
phot odet ect or; using electric signals corresponding to both
near and far axial regions converted in both said inner and outer

phot odet ector when said light is reflected

oy
o~
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e
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PCT/ KR96/ 00150 36 from
a relatively thin disc; and using electric signals
correspondi ng to near axial region converted in only sai d inner

phot odet ector when said light is reflected froma relatively thick disc.

5 75. WORMEHY for recording information on at | east HOWKRH6BOISO
havi ng di fferent thicknesses, conprising the steps of:

provi ding an objective lens for focussing light in a light path into a

f ocal zone; pl aci ng one of said at |east two discs

havi ng different thicknesses in said 10 24445 zone
preventing light in an internediate athglgggiogﬁga said light path from

reachi ng said focal zone, said interne axi egi on being | ocated
bet ween a near_axi al region which includes a center of said |light
path and a far axi gl region | ocated radially outward fromsaid
internmediate regior; and 15 "“1cKérnitting light in said near and far
regions of said |ight paiph to reach said focal zone.
i
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76. A lens device as clained in claim58, wherein said at | east one
surface irregularity of a predetermned pattern fornmed on at | east one

surface of 20 said |ens. 77. An optical pickup device
as claimed in claim43, wherein said internedi ate axial region is
defined by a di "%; yﬂ kness. 25 78. An optical pickup device as
clained in clai R 8 er ein said disc is of the type of pEViRrRoy00LH0.
79. An optical pickup device as clained in claim43, wherein said disc
having a thickness of 0.60.1mm or 1.20.1mm 30 80. An
optical pickup device as clained in clai B%&25werein said disc S

made of glass or plastic. FIG 38

FIG. 36
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. 81. A |l ens device according to clai m 44, V\her'gi;ﬁcs‘e{i%?ﬂéar and far axi al
regi ons are defined by the anmount of optical aberration. 8
An optical pickup device as clained in claima44, wherein said di g
the type having a PCTErent t hi ©oEBEELLECTUAL PROPERTY ORGANREION - A et Nggs
di scriyﬁi nat i n"'gdi'scs havi ng.di fferent t HFRRRESTeE . according to claim
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(57) Abstract
300b.
A lens device which can be used as an objective lens in an 00a
optical pickup apparatus includes an objective lens (200) provided
along a light path facing a disc (300a or 300b) and having a
predetermined cffective diameter, and light controlling means (100) 2

provided along the light path for controlling the light in an intermediate
region between near and far axes of an incident light beam (400), N\ /]
thus providing a simplified and inexpensive device for using discs of
differing thickness in a single disc drive, by reducing the spherical
abemation effect. - : '
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