17 Decenber 2003 1 DESCRI PTION Optical Head and Recordi ng/ Reproduci ng .
Apparatus Technical Field The present invention relates J',g) an ggtjro@gl head
for recording signals on, and reproduce signals from aflu SF? d ordi ng
medi um such as an optical disk. The invention also relates to a

recordi ng/ reproduci ng apparatus having an optical head of this type.
Background Art Hitherto, various typ of optical recording nedia have been
proposed as recording nedia far as video data, audio data or
conput er progranms. Anmong thes@%&ﬁpﬁ&% pl ayback optical disk, a

phase- change optical. di sk, a magneto-optical disk, an optical card and the
li ke. OpticAd@edd yedRecotdingRdgodheingnippasatusg demanded that the recording
density and storage capacity of these optical recording nedia be
incre?&q}m& MEger to increase the recording density of such optical
recording nedia, some neasure should be taken in an optical head desi gned
to wite a read data signals on and fr ) an optical recordi

medi um It BreSelt mpeniipn IRtates mp@tlﬁgl?léqq%g%t re mgu?gn@ﬁﬁl{’gqﬂatghe
objective lens or shorten the wavel ength of the Iight source,  thereby to
decr easpratheediignals dromof anheptinadresqrding orediwmauchies abppéealvdiskerdie

converges a light beam The nunerical aperture of the objective lens is

0.45 ghdeftivh alkauel 801 plcdrbimgli B@dﬁ@ﬁ%@ppmuiﬁﬁhuﬁmg fnop6dal k&ahpict
Di sks) (trademark), i.e., 17 Decenber 200

this type.

Background Art

Hitherto, various types of optical recording media have been proposed as
recording media for data such as video data, audio data or computer programs. Among
these media are a playback optical disk, a phase-change optical disk, a magneto-optical
disk, an optical card and the like. In recent years, there is the incréasing demanded
that the recording density and storage capacity of these optical recording media be
increased.

In order to increase the recording density of such optical recording media, some
measure should be taken in an optical head designed to write and read data signals on
and from such an optical recording medium. It is effective to increase the numerical
aperture (NA) of the objective lens or shorten the wavelength of the light source,
thereby to decrease the diameter of the beam spot formed as the objective lens
converges a light béam. The numerical aperture of the objective lens is 0.45 and the

wavelength of the light source is 780 nm for CDs (Compact Disks) (trademark), i.e.,



2 digital optical disk which were put to practical use in the relatively
early stage of optical recording. For DVDs (trademark) i . digital

optical disks on which data is recorded at higher densiggnﬁﬁmﬁggf%pﬁe
nunerical aperture of the objective lens is 0.6 and the wavel ength of the
light source is 650 run. As nentioned above, it is.-desired that the
recordi ng density and storage capacit of these optical recording nedia be

increased. Therefore, it is desirable to increase the K nunerjcal a%ture
of t haligitaboptival dishswhishaweed pet tor peacsical nas i the zplativelyseasiy siage
wavel ength of the light source to a value | ess than 650 run. However,

var i OyshtRIPbE&ITEINY. | FoRDVEBs (frall B@aridis | dititalpptical diské ohhehiohjdacd isve
l ens i s increased and the wavel ength 'of the |ight source is shorted in the
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may occur, mainly due to a. nmanufacturing error in the thickness of the
| ens @nd therwavelangthreisbedight seurceds S8Rt substrate of the opti cal
recording medium In the case where the objective lens is conposed of a
plurality ofsnieanieed abbeespiseiesical thabthrerat omimgdgnsiycand sfora ge eapacity
assenbling error in the gaps anong the |lenses. As for.the error in the

LN ckNghot! ol HEARERA! BBYIaMIARLFALE] OThéreforeOR S Sadirdbe QY idong:sadies um

for exanple, re i mensi onal spherical aberration resulting fromthe
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of the nunerical aperture (NA) of_ the obj ive lens as seen fromthe
equat | wavéleng efthelipinsourewto 2yatyedess than 650 nm.

However, various problems will arise if the numerical aperture of the objective
lens is increased and the wavelength of the light source is shorted in the opti.cal head
described above. These problems are spherical aberration and chromatic aberration,
both being optical problems.

Spherical aberration may occur, mainly due to a manufacturing error in the
thickness of the lens or in the thickness of the transparent substrate of the optical
recording medium. In the case where the objective lens is composed of a plurality of
lenses, the spherical aberration may occur due to an assembling error 1 the gaps
among the lenses. As for the error in the thickness of the transparent substrate of the
optical recording medium, for example, the three-dimensional spherical aberration
resulting from the error in the thickness of the transparent substrate of a disk of “CD”
standards or a disk of “DVD” recording is proportional to the fourth power of the

numerical aperture (NA) of the objective lens as seen from the equation [1] given



bel ow. Therefore, the influence of the thickness error beconmes prom nent as
the nunerical aperture of the objective |ens increases. zfp = ét/%% X (n2
~-1) /n2 x NA4 [1] In the case of disks of the "CD' standaPSEBYe %R sk of
the "DVD' standards, the manufacturing tolerances are of such values as to
sufficiently reduce the spherical aberration resulting fromthe error in
the thickness of the transparent substrate. In the manufacture of these

di sks, _.a specific technique is applied, setting the error in the thickness
of t he belams pehasaforeyt mflusnaptofi theathpeknassigreer besospesmprominent as the
therefore, not necessary, in particular, to correct the spheri cal

aber r atin@gierical hﬁ@l—mﬂgt(bf:mle chy edtire khs indieaggt i cal head. If the nunerical
aperture of the objective léns is further increased, however, the

tolerance for the thickness error of the transparent substrate will becone
extrenely small, The thickness tolerance At for the substrate of, for

exanpl e, the "DVD' . stand i .03 mMm To naintain the sane tol erance
as this, th tfocffgé&) ﬁégir}éﬁg?ﬂ%o’hf\ll‘égpressed by the fgjllt]]owi ng equation [ 2]
must be satisfied, as seen fromthe equation [1]: dt ~ 0.00388 / NA [2]

17 Decenber 2003 4 Fromthi:s relation the thickness tolerance for the
substrate of the disk nay be obtained. The tolerance At is 0,016 mmif the

nureri cal  apefiatReWRdtkslofeh RN Bt MRIard €882 Bk S f the DYEPOsthh@irds! thehe
nunerical aperture NA of the objective lens is 0.8, and 0.0074 iron if the
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aberration resulting from the error in the thickness of the transparent substrate. In the

manufacture of these disks, a specific technique is applied, setting the error in the

thickness of the transparent substrate within a prescribed tolerance. It is, therefore,

not necessary, in particular, to correct the spherical aberration in the optical system of

the optical head. If the numerical aperture of the objective lens is further increased,

however, the tolerance for the thickness error of the transparent substrate will become
extremely small.

The thickness tolerance At for the substrate of, for example, the “DVD?”

standards is (0.03 mm. To maintain the same tolerance as this, the following relation

expressed by the following equation [2] must be satisfied, as seen from the equation

[1]:

dt < 0.00388 / NA* [2]



substrate, because the error in the thickness of the substrate thickness .
depends on the nethod of form ng the disk substrate. For_the existing disk
substrate it is difficult.to reliably reduce the thickndé&esember 309310 gin
or less. If the disk substrate is produced in large quantities, the yield
will be | ow. Hence, the substrate may not be fit for mass- production. The
error in the thickness of the | enses #onstituting the optical system of the
optical head will be considered. For nolded lenses it is difficult to
reliably atFeém thisakelatorsthel thidkneskdsmnce footheasubsoratgobihe disk maghbe

thi ckness error of the lenses is alnbst equivalent to the thickness error

f th P CKrl
0 ePEEag‘??i‘faTIn S4REL Aeteer0.016 %niﬁ}ié ﬁﬁﬂfe@ﬁlqle 5 rhile NA&OTPhe bBjcttife

optica € case where t obj ective used has a | darge
nunerical aperture, the thickness error of the Iglnseﬁ. w.ll. like the

t hi cknkegs iePrbrtlod09hmm if thesprnerieal spsstFaNa of Hirsebiertivy lengpi €-8s8Rdr i cal
aberration which woul d adversely influence the reproduced signals. An

obj ect bpg)7ANS) FHhB Sutndridd ApBHIRS Neabf eiestjecdveler® i§ 0085.nore needs to be
conposed of a plurality of |enhses. Even if the spacers nmade of synthetic

resin or tal ,.which. are interposed, bet At C W th
hi gh preci gﬁoﬁ d*fy&b\ﬁi POWVBECM%IFB %ﬁfr\égﬁboé'l g?ftkl ?cr@lf {kn{egé g)ggfrh gaggﬁt he
error in the gap between each_ | ens _and a i)the to 1 q%g] or le%@' Stglch an
error mestl’?éegwabéft hsegTTamin filwﬂne&h}l@‘@é?'ét e sRbetsatgrhiokpeshierandsontbss  na
cause spherical aberration, like the thickness error of the transparent
subst r aiethed of fhenieptthealisk eslsstditelg Foe diciexisiihg dgkpsubistrate ithe dififionlt to

adversely influences the signals. In consideration of the spherical
aber r ap Lo 10¢CHIde 18 thitkhBEs GRb: P10 LREBF FsBIIf the disk substrate is produced
in large quantities, the yield will be low. Hence, the substrate may not be fit for mass-
production;
The error in the thickness of the lenses constituting the optical system of the
optical head will be considered. For molded lenses it is difficult to reliably attain such
a small thickness error as 10 pm or Jess. The thickness error of the lenses is almost
equivalent to the thickness error of the transparent substrate, if it is regarded as the
error in the optical path. In the case where the objective lens used has a large
numerical aperture, the thickness error of the lenses will, like the thickness error of the
transparent substrate, cause intolerable spherical aberration which would adversely
influence the réproduced signals.
An objective lens having a large numerical aperture of 0.8 or more needs to be

composed of a plurality of lenses. Even if the spacers made of synthetic resin or

metal, which are interposed between the lenses, are process with high precision, it will



mediumand in the optical head, it is virtually difficult to reduce the
spherical aberration, in terns of the thickness error of_the transparent
substrate of the medium to 10 mor less in the case whéf PeGyBLer200dde of
an optical systemthat conprises an objective |ens having a nuneri cal
aperture of 0.8 or nore and conposed of a plurality of lenses. If a

sem conductor | aser that exhibits a short em ssion wavel ength is used, the
probl em of spherical aberration will arise, too. It is desired that not
only spher. berrati but. also chromatic .aperration. be rrected.

i sol ours Gicnds RGBT B HE rpine al Boiih e fron 8¢ pBlhSTigdd daf ot
consideration of the foregoing. The object of this invention is to provide
an opt i cdessh&ueh ewsper i Ky 2ap bejween any £0 wkiacent lesses of dhé obisatiee kans| aser
havi ng an em ssi on wavel ength of 440nmor |ess, an objective |ens conposed
of a pl umady tausetpleticakbsbenratiohaikedie ahickinags ictdt offiRrttanspareht subs@aterofnor e,
in which the spherical aberration resulting fromthe manufacturing errors

of the ophd GRkic lePé?:'bfﬂi{:?g AEALR AR ﬁgﬁee&&nﬁf;e%fm%ngg%}?el rﬁglisi de§ the

aberration resulting om a sem cornduct or ser, 1T use the |1 ght
source of.th? optical head, is sufficiently 17 Decenber 2003 6 decreased.
Furt her, St8%'S nvention ainms to reduce the spherical aberration that occurs
when the sane optical systemis used to |ight beanms having different

wavel engt hs. Ancohsiderabiprof thsf sphiericali abgaatipwecewring ip s dplécah recording
recordi ng/ reproduci ng apparatus conprising such an optical head as

descri bednati@veand fin Whe @ptichie heL o di ngrtdensidifficuRN® sddRicaafe GpRagedly of an
optical recording medi um can be enhanced and increased. As indicated above,

it is eXta'b@HEl.Jiéh,% tdrSWrttnd GiGRE! &35r b\ %B%e@&ﬁt%h&gaté b &e medium,

to 10 um or less in the case where use is made of an optical system that comprises an
objective lens having a numerical aperture of 0.8 or more and composed of a plurality
of lenses.

If a semiconductor laser that exhibits a short emission wavelength is used, the
problem of spherical aberration will arise, too. It is desired that not only spherical
aberration, but also chromatic aberration be corrected.

Disclosure of the Invention

The present invention has been made in consideration of the foregoing. The
object of this invention is to provide an optical head comprising a light source which
is a semiconductor laser having an emission wavelength of 440nm or less, an
objective lens composed of a plurality of lenses and having a numerical aperture of
0.8 or more, in which the spherical aberration resulting from the manufacturing errors
of the optical recording medium and the lenses, and the chromatic aberration resulting

from a semiconductor laser, if used as the light source of the optical head, is sufficiently



of the optical conponents so much as to reduce the spherical aberration to.
a negligible degree in an optical systemthat conprises an objective |ens
conposed of a plurality of lenses and having a nuneri call” &§eembere200RA) of
0.8 or nore. It is desired that sone neasures be taken to cancel the
spherical aberration that results fromthe manufacturing error of the
optical conponents, The spherical abérration in the optical system can be
given as the sumof the aberrations occurring at the optical surfaces.
Thus, deBRasederfaabr,ahefiniadntivn aiasuotredgee flrecphenicahabruitaiomihahge@hsor of
the optical conmponents can be corrected by arranging optical conponents

t hat cguse.spher.i . I t QRRAS i15¢ diffaenewaselenpoths. t he

opti céﬁleﬁ’a B S@ﬂeeﬁgﬂl%ag%sjrg%?nﬁ#ﬁgsﬁtghlgg]stource lgigm?%e opti cal recg?ldi ng

medi um The optical, system.of the optical.,head rdi l.S,+hfpéent i on
has a gr ouW@h%@éﬁ%@h@?ﬁ@ﬁ?‘?%ﬁSE%PT%Vﬂg%g?eﬁéglé/ﬁkﬁ@£6%£#ﬁ§?@%
spherical aberration of the sign opposite to that, of the saher' cal. .
aber r abigigegench ed aticahbeaprs dascrsbed albwe, in whieh thp e S when
data signals are witten on, or read from the optical c;mﬁ;jdqi ng nzdi um
The ahenrat iqn- #¢ b bSheditint wan beeshar IncEease

posi til%@((ai %ﬁg&%ﬁlﬁ%é%@dﬁﬁgﬁﬁﬁgp a negative |lens group which are
spaced fromeach qthey. It. is l1GI \f BRFin étror
respective%ﬁéﬁ?ﬁ?&@ggﬂﬁm@g& iglﬁeélﬁrdl ecP#éog o%?ﬂ%ﬁ%ﬁl ens — group may
consist of a single lens or a plurali

of lenses. The .. . -
aber r atfithmopcalacmmpenerdn s@ BIGHHASIA T 'tg? sﬁheq%g}ge %019591%“8%16%}8156, are
arranged between the light source and the objective |ens. Thfe sggc bet ween
the | efgre@imanoptisahdweeini that bemppsean objectivefenneonpesechd! a PATBHY t hus
generating spherical aberration that is opposite in polarity to the

spher i gab, ahefi@tiAg deReR& @l abBrthe(MeA) bf .8 or more. Itis desired that some

mmeasures be taken to cancel the spherical aberration that results from the
manufacturing error of the optical components,

The spherical aberration in the optical system can be given as the sum of the
aberrations occurring at the optical surfaces. Thus, the spherical aberration resulting
from the manufacturing error of the optical components can be corrected by arranging
optical éomponents that cause spherical aberration of the opposite sign somewhere on
the optical path extending from the light source to the optical recording medium.

The optical system of the optical head according to this invention has a group
of aberration-correcting lenses. These lenses generate spherical aberration of the sign
opposite to that of the spherical aberration generated at the optical surfaces in the
optical system, when data signals are written on, or read from, the optical recording

medium. The aberration-correcting lenses consist of two lens groups, 1.€., a positive



optical system wth respect to the wave front of the |ight beam passing
through the objective lens. In the optical head, the. spherical aberration
is therefore cancell'ed at the wave front of the |ight bdadResambeeP0Br om
the light source, transmtted through the objective lens and focused. As a
whol e, the optical systemis a system in which the spherical aberration is
corrected well. Assune that the transparent substrate of the optical

recordi ng medi um has a thickness error dt. .Then the.fol lLow ng.equatd on [ 3]
der i vdens group ascsdis leas graup Whigloars thacgd fom gash thf)f- /“%fsg“gﬁf«ﬁﬂ%‘f%]
Hence, positive spherical aberration will occur if the transparent

subst rijkse Instdreupopte regpectieclyrphisitgvermatl negdtag ia teang of paweknEesh densor, and
negati ve spheri ca? aberration wll occur if flat transparent substrate of

the op jgﬁﬁggéf?g{lgispgfggﬂfg{tjﬂ%e@g’t@urﬁﬁy@]%@nber 2003 cancel the

spheri ron, It adj Ust the space between the groups of

aberration-gorrecting | enses. _and geneyat,e negat | i ratdon if
the transp L“’eﬁgegafi ’tl'rcé’f@cﬁgg?‘m%ﬁ’ Wﬁﬁbg??§§éog%§$?‘géll&gi At gfl:’]d if the
transparent substrate is thin. The spherical aberration generated bﬁ/

adj ustamangdicbetpaen thelighesourbe and e ebjectve ssr ddeispges gﬁ%’“"gﬁl‘cﬁﬁﬁée Shi ch
are arranged between the |ight source and the objective |Iens, has negative

pol ari %ﬁbubfs i4 ReoPRRELIREbPEEI ddeof drs ogricalpystesn dhas ganerhting sphesical ve
polarity It the space is increased. This holds true unless the |ight beam

R R A o L R e
S e gy e vt e ascs g e wave S O IRRAF BeRE! YRS fifob R Eng" OuPS
objective lens.
In the optical head, the spherical aberration is therefore cancelled at the wave
front of the light beam emitted from the light source, transmitted through the objective

lens and focused. As a whole, the optical system is a system in which the spherical

aberration is corrected well.

Assume that the transparent substrate of the optical recording medium has a

thickness error dt. Then the following equation [3] derives from the equation [1]:
dw,, = (dt/8) x (n? - 1) /n® x NA* 3]

Hence, positive spherical aberration will occur if the transparent substrate of the
optical recording medium has a large thickness error, and negative spherical aberration

will occur if the transparent substrate of the optical recording medium is thin. To



emtted diverges nore than before, nmaking the spherical aberration smaller .
than in the case the transparent substrate of the opticaz recothg% medi um
is thick. Wien the space between the |ens groups is incnb&HSEMO#HRU0B; ght
beam em tted converges nore than before, rendering the spherical
aberration smaller than in the case where the transparent substrate of the
optical recording mediumis thin. Thé& polarity of spherical aberration
remai ns unchanged even if the positive lens group and the negative |gns

gr oup @hReEehpneeidal sbarestid,dnsuffiens éo adjustidesspase briveen thingeann group
is arranged before the other |ens group. The actual optical system has

manuf aﬁgi{%&%-ﬁ@%%ﬁ%??ﬁ&st il %ﬁﬁi@@é ChRsive SphaticA! abheatiornidptirent

substr Fecor Ium- The space between 17 Decenber
2003 9 the aberration-correcting l.ens QupSy | ar ef @r j o]

at t ai riTanpapRiE: SPoEIte| 18 thigh drt B%EYevﬁ%lﬁ‘P’é‘e%é‘BFi%gg% ff; ‘E‘Sﬁ%ﬁ%ﬁgn@i gnal
reproduced is being nonitored. In an optical head of this type, the | arger
t he nusbstaed isaber.t ure of the objective lens, the greater the spherical
aberration generated by the manufacturing error of the objective |ens or

t he manuf aC’EHéi %}glégcraﬁra%gd& eRhéaddd NBCodftisingehi wpackV bétwdea phesent
i nvention, however, the spherical aberration can be reduced sufficiently

on, Rovever’, the aberra . ficle
i cetbetatipepiFa g Roera iy i S R e e N e

the environnental changes. This is because the groups of _ .

aber r abbjentive lenschangegaheaolanty liﬂfi%ﬁ@?é‘&slﬁé\"ﬁé%%ﬂff s g Qs isdsgreased g ¢ he
objective lens in the present invention. As the neans for a jgséi ng t he
space fepysitine poaritydfifise spacatisinatazed. Tlishodds yenatess dhe Lgat RN Ay be

used an actuator of so-called voice-coil type, a )
the position where the aberration-correcting lens groups are provided is a converging

or diverging one that can hardly be used in the optical system of an optical head.
| That is, when the space between the lens groups is decreased, the light beam
emitted diverges more than before, making the spherical aberration smaller than in the
case the transparent substrate of the optical recording medium is thick. When the
space between the lens groups is increased, the light beam emitted converges more
than before, rendering the spherical aberration smaller than in the case where the
transparent substrate of the optical recording medium is thin. The polarity of spherical
aberration remains unchanged even if the positive lens group and the negative lens
group are exchanged in position. Hence, it does not matter which lens group is
arranged before the other lens group.
The actual optical system has manufacturing errors other than the thickness

error of the transparent substrate of the optical recording medium. The space between



pi ezoel ectric actuator or the like. A recording/reproduci ng appar at us
according to the present invention conprises such an optical head as
described above. It is designed to record data signals oh/ BRCCBRariZo8s
recordi.ng nmedi um and to reproduce data signals therefrom As a speci al
solution, the aberration-correcting | ens group may function not only as
means for correcting spherical aberr_aﬂi on but also as collimator |enses, in
the optical head according to this invention. In this case, the ntl’[ger of
conponhsabepnatioheortatingdsas grapsrie ilyeredonesdlinsied e atthivethgleest RBSYILICequi r ed
for manufacturing the optical head and, ultimately, to | ower the

manuf acidiogs, e fle RPGnfflldidabr MRS diondPreprodived ib beBgcanitor2f03 10

speci a ron, t erration-correcting |l ens group may be arranged

between a collinat | ens.and an.obj ective | en I LSt el , a
beam spl i tt@ra}n%ﬂmazh%cg?f)@il%tyﬁpi e gred ﬂéelwlﬁgﬁgaalgfpgttﬂg%gfﬁlf a ?gﬁzﬁgd,

together with the aberration- correcting lens group, in the glgrth ?f t he

|i ght leesrthergreatedtlia spherical slgrratinn generated by themanitagBr Mg erTeReT heyht

beamemtted fromthe collimator lens is a parallel beans. An

aber r aéurjeetw@[ern%ri {8 hARFA QB et @fitharprionbivicordinganedinyn. b¥Vitk chie

together in the optical head according to this invention. If so, it is

gﬁZimr)?%ﬁ%%l%ﬁp%grﬁi%ﬁgnﬁ\%egﬁek,gt&bgsgpéﬁ | eﬁﬂzr}a‘%@ GnUtrelBced %ﬁffﬂﬁ@nﬁ? eveen the

rvelens. is 1s because, if the
ananorphjc prismis, arranged between the obj.ectiwve,.l en n
aber r atf ithe IRYRHASRITHIE $IEPKISGPIBINCHH AT SXER Efgﬂ'te rgﬁl&cgvgﬁﬁ{hﬁgg Ioitrrg%]h%tS Oh{)t%am to
the ananorphic prismw |l change, inevitably causing asti ]gglati sm _l.n order
to prelenpthssefttheasiriopseipitoal tleomnds vary dugyto the enyicpasnepl ehangesocilg t he
aberration- correcting |ens group at the output side of the ananorphic
Pri smis because the groups of aberration-correcting lenses are arranged between the hight
source and the objective lens in the present invention.
As the means for adjusting the space between the groups of aberration-
correcting lenses, thereby may be used an actuator of so-called voice-coil type, a
piezoelectric actuator or the like.
Arecording/reproducing apparatus according to the present imvention comprises
such an optical head as described above. It is designed to record data signals on an
optical recording medium and to reproduce data signals therefrom.
As a special solution, the aberration-correcting lens group may functionnot only
as means for correcting spherical aberration but also as collimator lenses, in the optical
head according to this invention. In this case, the number of components can be

decreased, thereby to reduce the time and labor required for manufacturing the optical

head and, ultimately, to lower the manufacturing cost of the optical head. As another



The optical systemof the optical head according to the present invention
may conprise a plurality of Ienses and an objective Ien? havi ng a | arge
nunmerical aperture of 0.80 or more. If this is the case]’Pseempeiop
systemis structured, effectively to correct the spherical aberration
caused by that objectlve |l ens. This is because, the |I|arger the nunerical
aperture and the shorter the wavel end®h used, the worse the spherical
aberration in the optical system and al so because an obj ective | ens

conposgcil slwlion aflict sbeartati@nseseennt passgeainmay baragmngaddrategenapert ur e
is likely to have | arge manufacturing errors. 17 Decenber 2003 11

Mor eo c%lhn’i%lﬁ} rlﬁn@ Q{ddc ah Y Eﬁ{?% %né herfopi q@'theeé’ékeacac Qe ginngpliteert, hen

i nvention SOUI’C sem COI’]dUCt or aser havi ng an em ssi on

S?Xﬁ'pea%%én'?@%l%?w%&tﬁeal = aﬁe&ps@v A0 Bt 'ﬁwav‘gﬁ%tﬁggBF@EC‘ nce of

1.4 mmor nore and be nade of vi treous materl aI whose d |ine has,an Abbe
nunbercafe@ig®lens gress, inlthepailsoptire light| keam eadded from sheieellimaipelantat each
| ens group should be conposed of two | enses, one being a positive |lens

that hpgie b@ggﬁs%@?ghtcﬁeaﬁ?m%ﬁé@ﬁ%@ﬂ% sdlinnitbelenbds agasaliddeninve | ens

t hat has an Abbe nunber of 35 or less. In the case where a short vvave beam

lsghg : L;fegégr&qrrnsth ﬁgggﬁﬁgéré& &P%ué)r %gﬁa@lﬁél%%h@gh rrect aI t oget her
Vi t r cclogotherani F QRaiAeh e doaes C°”§e‘p¥15%%p” e hamitrs v Afaft, o
that corrects both the spheri cal aberrat ion and the chromatic aberration
i n t healsasatiokheomectng bens groapecamm ged betatenithe apempsphici pyesan |aafié¥1
objective lens. This is because, if the anamorphic prism is arranged between the
objective lens and the aberraﬁon-corrccting lens group, the incident angle of the light
beam to the anamorphic prism will change, inevitably causing astigmatism. In order
to prevent such astigmatism from occurring, it is desirable to locate the aberration-
correcting lens group at the output side of the anamorphic prism.
The optical system of the optical head according to the present invention may
comprise a plurality of lenses and an objective Jens having a large numerical aperture
of 0.80 or more. If this is the case, the optical system is structured, effeétively to
correct the spherical aberration caused by that objective lens. This is because, the
Jarger the numerical aperture and the shorter the wavelength used, the worse the
spherical aberration in the optical system, and also because an objective lens

composed of a plurality of lenses and possessing a large numerical aperture is likely

to have large manufacturing errors.



The aberration-correcting |l ens group provided in the optical systemof the.
optical head according to the invention has a considerably small nuneri cal
aperture. . The spherical aberration generated by noving 1%@39%W§”698%p in
the optical axis is, therefore, mainly of third order. By contrast, the
spherical aberration caused by the thickness-manufacturing errors ofthe
obj ective lens and transparent substllate includes high-order aberration,
i nevitably because the objective lens has a | arge nunerical  aperture.

Consequent hyerddier dRehé aptiedt seteneofithgoptcal hgadapcardmepio thompyettedy cancel
17 Decenber 2003 12 the spherical aberration that has resulted fromthe

thi ck e ettty {)rfég 51#@ lgegﬁgéﬁé 1@{9’(011 Ité@eﬂpi\%% h¥ @nlisyien adeldnpiis pard0t

subst rica erration nust be further corrected if the

aberration-correcting | ens group corrects fails to np Ly | the
spher nombor dbss ad tla Objs%mﬂﬁgs P PORBTISR R 1588 ZEARPT i&%t'eﬁrai%“dﬁ%?‘rg@r s of
the objective | ens and transparent substrate and there remgins saqne

aber r abegire of (.8@ opphorza havy stfecsl distdncetafahd rom o rrose aRA B &t hs may
be applied, in which case it is necessary to cancel the aberration

resul Rr"tit.?@o&g 1%%%% \Qﬁe‘)éﬂ g%ehais B ABYEheRUER oASD/Igt Ibes el flghpatimar.  Thi s

aberration can be cance by virtue of the spherical-aberration

correcting effect. that aberyation- ty] R 1BASes, ochiPweiRY , the
aberr&@F"oﬂt%Séi‘?ﬂr@i?g&‘@?Sﬁ?ﬁ%{?gs\%@@g%%@aﬁcﬁ%@ﬁgg{ TRy Rot  be canié%r ed
conpl etely because it includes high-order aberration .dependin t he
type afpadiave kinsrthat hamare dbbsaimlien §F BGE© B’%‘i(t}.le pthef ﬁg%%geéﬁg\%e t he
obj ective | ens conprises two | ens groups, each consisting of tw or nore
| ensegend ot RaGE ABbyvaambehefl3éns lgsoups may be changed to generate

spherical aberration, in the same principle as applied to the
aberrat i on-1G0offeCideNIhERNS short-wave beam is utilized, chromatic aberration may
become a problem. Nonetheless, spherical aberration and chromatic aberration can
be corrected altogether if the aberration-correcting lens cénstituting the group are
made of vitreous material having the above-specified Abbe number. The structure that
corrects both the spherical aberration and the chromatic aberration in the case where
a short-wave beam is used will be described later.
The aberration-correcting lens group provided in the optical system of the
optical head according to the invention has a considerably small numerical aperture.
The spherical aberration generated by moving the lens group in the optical axis is,
therefore, mainly of third order. By contrast, the spherical aberration caused by the
thickness-manufacturing errors of the objective lens and transparent substrate includes

high-order aberration, inevitably because the objective lens has a large numerical

aperture. Consequently, the aberration-correcting lens group cannot completely cancel



groups descri bed above. Thus, the spherical aberration generated by

changi ng the space between the aberration-correctin
( . ; gle r oups be
conbined with the spherical aberration generated by chaHZiE%meﬁrei%ace

between the I ens groups constituting the objective lens. This makes it
possible to correct spherical aberration of a higher order. Brief
Description of the Drawi ngs 17 Decent}@r 2003 13 FIG 1 is a side view

showi ng the optical systemof an optical he ccordin .th
i nvent thersphiehiGal 2ferration thasbas r¢s®t§drfa@mﬁgctf ' ﬁ@%ﬁéﬁ"iaeﬂfa‘%‘gfé’?% E{T?’iﬁewg?m
occurring in the optical systemshown in FIG 1; FIG 2B is a. graph

|11 ustpal piactife 1 aat diiMebhgsarescabstnge.i Thuletheppheritalshermtionsmosh® n FI G
1; FIG 2C%is a graph illustrating the distorted aberration occurring in

e ol ST IR G S o g ety

| atera an ang of 0.5 in the optical

systemshown in FIG 1; FIG 3B is, a gra ] th . '
ont hecaptd] dae SpherscabemalioBJEr Y AP 2 RTae SR P ot ip et o "
side view of the optical systemshown in FIG 1, with the éberr.ation-

cor r ecflig\gbjeetive Jerund eanspetenthubstiatd gncithpra sRRINSEOMe EPHF2EeR el ati on

E:gﬁ;)eﬁlggt gi fz([??nce t.he. aberrat. I on- correc.ti ng lens group is noves to

hé BFtit4lisGies SligHtantf of digferemnwaadlemiths may be applied, in
which case it is necessary to cancel the aberration resulting from the difference in
wavelength among these light beams. This aberration can be canceled by virtue of the
spherical-aberration correcting effect that aberration-correcting lens group has.
However, the aberration resulting from the wavelength difference may not be canceled
completely because it includes high-order aberration, depending upon the type of the
aberration-correcting lens group used.

In the case where the objective lens comprises two lens groups, each consisting
of two or more lenses, the space between the lens groups may be changed to generate
spherical aberration, in the same principle as applied to the aberration-correcting lens
groups described above. Thus, the spherical aberration generated by changing the
space between the aberration-correcting lens groups may be combined with the
spherical aberration generated by changing the space between the lens groups
constituting the objective lens. This makes it possible to correct spherical aberration

of a higher order.

Brief Description of the Drawings



substrate has with the wave-front aberration in the optical systemshown in

FIG 1; FIG 6 is a side view of the optical system of tical d
according to the present invention (used a -nunerical ap r@g‘f’ éﬁ@fzggg or

nore); FIG 7A is a graph illustrating the spherical aberration occurring
in the optical systemshown in FIG 6; 17 Decenber 2003 14 FIG 7Bis a
graph illustrating the astigmatismoktturring in the optical system shown

in FIG 6; FIG 7Cis a graph illustrating the distorted aberration
occurring i1 Heisapsiile aiew shistviig tieooptidat sstam of awppticaldgasl accgr
represents the lateral aberration occurring at an angle of field of 0.5 in

the optigal in FIG 6; FIG 8B is a graph showng the |ateral
i e BSTERNS

aber r at'i ical axis of the optical systemshown in FIG 6; FIG

9 is agraph illustrating.the relation that _th i . agj on-
correcting E@@%F%Eﬁﬁlm%tm% ¥ ﬁ’é’ﬁ[ @b?li?tgqrﬁéwlé?nes?gggppor of the
transparent substrate has with the wave-front aberration in the optical

systerglysfmmmhanFihGICB;l;Fl G 10 is a side view showi ng the structure of an
optical head according to the present invention; FIG 11 is a bl ock

di agram s hojg% DBjS ggp«fﬁ 9strafng dhe heipranpan alcarrigr tott opticad syses
| S

i nvention; i de view showi ng the structure of an opti cal

system, (of . dirent 1), which has two aberration-correcting | ens groups,
each ’H%EHEEE?' L,

FIG. 2C is a graph illustrating the distorted aberration occurring in the optical

system shown in FIG. 1;

FIG. 3A is a graph represents the laterél aberration occurring at an angle of field
of 0.5° in the optical system shown in FIG. 1;

FIG. 3B is a graph showing the lateral aberration on the optical axis of the
optical system shown in FIG. 1;

FIG. 4 is a side view of the optical system shown in FIG. 1, with the aberration-
correcting lens group removed;

FIG. 5 is a graph illustrating the relation that the distance the aberration-
correcting lens group is moves to compensate for the thickness error of the transparent
substrate has with the wave-front aberration in the optical system shown in FIG. 1;

FIG. 6 is a side view of the optical system of an optical head according to the
present invention (used a numerical aperture of 0.8 or more);

FIG. 7A is a graph illustrating the spherical aberration occurring in the optical

system shown in FIG. 6;



two lenses; FIG 13A is a graph |IIustrat|ng t he spherlcal aberratlon
occurring in the optical system (of Enbodinent 1); FIG T‘SP @
illustrating the astigmati smoccurring in the optical syst o

2003 15 (of Enmbodinent 1); FIG 13Cis a graph iII,ustrating t he di storted
aberration occurring in the optical system (of Enbodinent 1); FIG 14A is
a graph represents the lateral aberrBion occurring at an angle of field
of 0.5 in the optical system (of Enbodinment 1); FIG 14B is a ]?raph show ng

the |ateral @%’ ftsté. }tﬁ’ﬂﬁh‘@ﬁ‘aﬁﬁ%tlwdlst@m&tlmﬁ ot erringpinithaloptipsk smtess
Enbodi nment 1) |s a graph illustrating the relation that the

di stan e the 1‘3 r atlon- correcting lens group is noves to conpensate for
the t lekﬁje r of the transparent substrate has with the wave-front

aberration in the optical, system (.of (Enb nt .1 ge view
of an opti JdIG.Sisisareranh iHvsbalAgHic @1)'5’(01%)94 %"?%W?atég% ufﬁgérﬁ%tﬂ?onpcorrectl ng
| ens groups conposed of two |lenses, with an air gap between the | enses; B

FI G jsgpet{d.lﬁ sho@MapIFIG. 16 st rat i ng the spherical aberration occurring in the
optical system (of Enbodi ment 2); FIG 17Bis a graph illustrating the

astigmatis ”mg%{ i hﬂ r%];}‘:csé}ﬁ% eat HBARMationf o donndng mem aille offigld 17C i s

a graph illu orted aberration occurring in the opti cal

of 0.5° in the optical system shown in FIG. 6;

FIG. &B Iis ; graph showing the lateral aberration on the optical axis of the
optical system shown in FIG. 6;

FIG. 9 is a graph illustrating the relation that the distance the aberration-
correcting lens group is moves to compensate for the thickness error of the transparent
substrate has with the wave-front aberration in the optical system shown in FIG. 6;

FIG. 10 is a side view showing the structure of an optical head according to the
present invention,;

FIG. 11 is a block diagram showing a recording/reproducing apparatus
according to this invention;

FIG. 12 is a side view showing the structure of an optical eystem (of
Embodiment 1), which has two aberration-correcting lens groups, each composed of
two lenses;

FIG. 13A is a graph illustrating the spherical aberration occurring in the optical |
system (of Embodiment 1);

FIG. 13B is a graph illustrating the astigmatism occurring in the optical system



system (of Enbodinment 2); FIG 18A is a graph represents the |ateral -
aberration occurring at an angle of field of 0.5 in the L cal em ( of
Enbodi ment 2); 17 Decenber 2003 16 FIG 18B is a graph gﬁ@%’erc@mtr%éééateral
aberration on the optical axis of the optical system (of Enbodi nent 2);
FIG 19 is a graph illustrating the {ﬁl)ation that the distance the
aberration- correcting lens group is ves to conpensate for the thickness
error of the transparent substrate has with the wave-front aberration in

t he ool Eatbedistemtnl)pf Enmbodi ment 2); FIG 20 is a graph showi ng how t he
Strehl value changes with the change in wavelength in the optical, system

(of Embodi &, 120G isH %‘rapﬁlllhﬁrﬁiﬁg e distentedfabamratipniccarsgsinghe pptical
Enbodi ment 3), which haS an aberration-correcting | ens groups conposed of

two | enses L0 jang.air p between the lenses; FIG 22A is a graph

il ust%ﬁ%‘%&&ﬁ@%@ﬂ%gi aberration occurring in the optical system (of
Enbodi nent 3); FIG. 22B is a graph jllustrating,the I; ] cuFring
in the optildér MAdemereph f@?ﬁwtﬁéh?l@?fal@lﬁﬁr‘%&?& chﬁéng aphﬁig}]g%s rating
the distorted aberration occurring in the optical system (of Enmbodi nent

3); Flﬁld?ﬁmsgh@ﬂﬂi@%ﬁcdl%ﬁ&t@&e(ﬁﬁm’md{lﬂbﬂ#h]; aberration occurring at an
angle of field of 0.5 in the optical system (of Enbodinent 3); FIG 23B is

a graph shoyjno, tRq l.al eralshaRehs e R abBfrafibhi sitthergpticalfatihief the
optical system (of Embodiment 1}; |
FIG. 15 is a graph illustrating the relation that the distance the aberration- .
correcting lens group is moves to compensate for the thickness error of'the transparent
substrate has with the wave-front aberration in the optical system (of Embodiment 1);
FIG. 16 is a side view of an optical system (of Embodiment 2), which has an
aberration-correcting lens groups composed of two lenses, with an air gap between the

lenses;

FIG. 17A is a graph illustrating the spherical aberration occurring in the optical

system (of Embodiment 2);

FIG. 178 is a graph illustrating the astigmatism occurring in the optical system

(of Embodiment 2); -

FIG. 17C is a graph illustrating the distorted aberration occurring in the optical

systemn (of Embodiment 2);

FIG. 18A is a graph represents the lateral aberration occurring at an angle of

field of 0.5° in the optical system (of Embodiment 2);



optical system (of Enbodinment 3); FIG 24 is a graph illustrating the
relation that the distance the aberration 17 Decenber 2003 17 correcting
lens group i s noves to compensate for the thickness errol’ Bgcaner 2003
transparent substrate has with the wave-front aberration in the optical
system (of Enbodinment 3); FIG 25 is a graph representing the wave-front
aberration observed in the optical sy&tem (of Enbodi nent 3) when both the
aberration-correcting |l ens group and the objective |lens correct the

spheri cal gijey rie anageaph chowidg dm Jdierat hbagetion onithe optical et of theed: and
FIG 26 is a graph.show'ng the inter-|lens distances observed in the optical

system (of ., Enhodi oth the aberration-correcting | ens group and

t he d}i](t’é;@” eﬁne@gri%ggbg;ﬁ?&ﬂh *spherical aberration resulting fromthe

change in the wavel ength used. .Bes fo [ryng. oufy t ) tion

Specific enféyi Heig @ @’ﬁpbﬁﬁuﬁﬁé%%tﬂt“? ’\ﬁ/g]gﬁpflotj?a i-p %b%g easthrel Eggﬁlgfrils etail,

with reference to the acconpanyi ng draw ngs. [ Opti cal Sy%&jgrr] As showt in
ed 25 ia

FIG Igorkdiingilbhegtousyis iowesito epmyenisatal fondwdhukasstiewgr agsPar&Pknt i on
conprises an aberration-correcting lens group 1. Table 1 presented bel ow

§]“°W5 SR RS A NBHE S aQh- £ B SatRptAHA inTN6 bptival K sRaceftfanbadisert)f Tabl e

FIG. 20 is a graph showing how the Strehl value changes with the change in
wavelength in the optical system (of Embodiment 2);

FIG. 21 is a side view of an optical system (of Embodiment 3), which has an
aberration-correcting lens groups composed of two lenses, with an air gap between the
lenses;

FIG: 22 A is a graph illustrating the spherical aberration occurring in the optical
system (of Embodiment 3);

FIG. 22B is a graph illustrating the astigmatism occwiring in the optical system
(of Embodument 3);

FIG. 22C is a graph illustrating the distorted aberration occurting in the optical
system (of Embodiment 3);

FIG. 23A is a graph represents the lateral aberration occurring af an angle of
field of 0.5° in the optical system (of Embodiment 3);

FIG. 23B is a graph showing the lateral aberration on the optical axis of the
optical system (of Embodiment 3);

FIG. 24 is a graph illustrating the relation that the distance the aberration-



bj ective lens NA I Focal distance/ Entrance pupil cp (0.85/2.353nm 4. OOmﬁ

Wavel ength | F: 63511111 Surface Radi us of curvature Axi al terval Fl exion
rate Nd / Abbe Flexion rate N (nun) (nun) nunber yd at dﬁﬁﬁ‘éer%tger@g 8Him oBJ
0.0 0 STOR -25.0C. 0.0 S1K:0.0D:0.01.6 1.620136.3 1.616405 A'0.0E:0.0 B: O
F:0.0 0. R17.055C. 0.0 S2K:0.0D: 0.01.521325 A:0.0E: 0.0 13:0.0F:0.0

R 19.00C: 0. 0 S3K: 0.0D:0.02.0 1.51633164.1 1.515014 A:0.0E: 0.0 B: :
R -19.00C 0.0 : 0. :0.0F: 0.0

correcting lens group is moves to compensate for the thickness error of the transparent
substrate has with the wave-front aberration in the optical system (of Embodiment 3);

FIG. 25 is a graph representing the wave-front aberration observed in the optical
system (of Embodiment 3) when both the aberration-correcting lens group and the—:
objective lens correct the spherical aberration resulting from the change in the
wavelength used; and

FIG. 26 is a graph showing the inter-lens distances observed in the optical
system (of Embodiment 3) when both the aberration-correcting lens group and the
objective lens correct the spherical aberration resulting from the change in the

| wavelength used.

Best Mode for Carrying out the Invention

Specific embodiments of the presént invention will be described in detail, with
reference to the accompanying drawings.
[Optical System] |

As shown in FIG. 1, the optical system of an optical head according to this

invention comprises an aberration-correcting lens group 1. Table 1 presented below

shows the design values of this optical system.



S4K:0,0D:0.03.0 A 0.0E: 8:0.0F: R 2,46917C. -.55616x] 0"

S5K: - 0. 177274D: -. 991159x 10° 2. 962612 1, 4955/81.6 1. 49412

A -.353215x10' 2E: . 128023x1 0' ' B: -.452433x 10'' F: .. 159371t/1igecember 2003

R: - 12. 58525C: 0. 242782x10"" S6K: - 13. 032252D: - . 981829 x10-' 0. 505533

A 0.3707368 x10' E: -. 324027 x]0 4 B: 0,799138x104F: 0. 162258x104 17 Decenber
2003 19 R 1.25 C 0.0 S7K 0.0 D: 0. 01, #955351. 51633164. 11. 515014 A: 0.0 E:
B:0.0 F: S80.0- S90.098295 S100.11.5295 S110.0 | M. 0 -The aspherical shape

i s def{Tabte by the following equation [4]. This holds true for Table 2
Table 5, which will be presented |ater. te

Objective lens NA / Focal distance /Enirance pupil ¢ (0.85/2.353num/4.00mm) Wavelength 7= 635nm
Surface Radius of curvature Axial interval Flexion rate Nd/ Abbe Flexionrate N
(mm) (mm} number vd ai d line al 635mm
OBJ ® ’ o
ASTO o 0.0

) R:-25.0 Cc:0.0

s1 K:0.0 D:0.0 1.6 1.620/36.3 1.616405
A0.0 E:0.0
B:0.0 F:0.0
R:17.055 C:0.0

52 K:0.0 D:0.0 1.521325
A0.0 E:0.0
B:0.0 F:0.0
R:15.00 C:0.0

83 K:0.0 D:0.0 2.0 1.51633/64.1 1.515014
A0.0 E:00
B:0.0 F:.0.0
R:-19.00 C:0.0

54 K:0.0 D:0.0 3.0
A:0.0 E:
B:0.0 F:
R:2.46917 C:-.55616%10"

85 K:-0.177274 D:-.991159x%10" 2962612 1,4955/81.6 1.494122
A-353215%107  E:-128023x107
B:-452433x107  F:159371x10°
R:-12.58525 C:0.242782x107

86 K:-13.032252 D:-.981829 x107 0.505533
A:0.3707368 x107  E:-324027 x107
B:0.799138x10™ F:0.162258x10"




Equat i on of

Cy8 + DYID + EY12 + FY14 where:
Decenber 2003 20 Y: Height fromthe opti cal

Spherical Surface

axi s

R Par

Y2/ R X= 1+(1-(1+K)(Y/ R 2)1r2 + AY4 + BY6 + -
X: Depth fromthe apex o

h f 17
 Dssarter @008 ne

constant A: Aspheric-surface coefficient of termY4 B: Aspheric-surface
coefficient of termY6 C. Aspheric-surface coefficient of termY8 D
Aspheric-surface coefficient of termM%10 E: Aspheric-surface coefficient

of term Y12

F: Aspheric-surface cq

efficient

f termYid [4
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The aspherical shape is defined by the following equation [4]

for Table 2 to Table 5, which will be presented later.

Equation of Spherical Surface

X

Y*/R

T 1+ {1-(1+ K)¥ /R

+ AV + BYS+ CY 4+ DY + EY? + FY™

where:

X: Depth from the apex of the surface

. This holds true



spherical aberration occurring in the optical system An objective |ens 20.
is provided, which is conposed of two | enses 20a and 20 | n TabISS | and
Tables 2 to 5, to be presented later, OBJ denotes an obj HcPecssi&200%T0
desi gnates an aperture di aphragm S1, S2, S3, indicate the surfaces of the
| enses, in the order the |lenses are arranged, and | M5 denotes the recording
surface of 17 Decenber 2003 21 the &ptical recording medium i.e., the

i rnage-fonning surface. The spherical aberration in the optical systemis
shown in FI'GG Hé#shttfremn thebpgoataxds in the systemis illustrated in FIG 2B,
and the distorted aberration in the systemis shown in FIG 2C Further,

t he Iateral%alb&ra_gé%%__% occurring at an angle of field of 0.50 in the

systemis shown in 3A, and the |ateral aberration on the optical axis
of the systﬁ_mis illustrated in FIG 3B. The optical systemshown in FIG |
is a so-callFeHOPRCORF@B system in which an object point is located at an

infinite distance. The aberration-correcting lens group 1 is arranged
bet ween a | AgAkpberic-serfapotosimient eliférmhé obj ective | ens 20. The group |
conprises the first lens 2 and the second Jens 3. The first lens 2 is a

bi concave |BNg s Rac-k0EREEdobFRcithsf tehal¥” source. The second lens 3 is a
bi convex | ens aﬁd | ocated near the objective lens 20. Nothing but air

exi sts bet g%éﬁﬁ%?é'gg%g%?ﬁéf i@lﬁdofljéﬁn?’bcond l ens 3. The optical system

conpri ses e space between the firs and second | enses

2 and 3 of the aberration-corpectin roupgrel. The neans, for exanple, a
uni axi al sopéﬁépbe%\@‘tsuéff%@?,COPéf?QEE’FMgﬁ%E@ othe first lens 2 or the second

lens 3. The aberration-correcting |ens gﬁr{gup. 1 generates spheri cal
aberrati on BsAspkespandace coefficient of term

F: Aspheric-surface coefficient of term v
[4]

The optical system is used to record data signals on and reproduce data signals
from optical recording media such as an optical disk, a phase-change optical disk, an
optical card and the like. These optical recording media have a transparent substrate
101 each. That surface of the transparent substrate 101, which faces away from the
optical system is the signal-recording surface. The aberration-correcting lens group
1 is composed of a first lens 2 and a second lens 3 and is designed to correct the
spherical aberration occurring in the optical system. An objective lens 20is provided,
which is composed of two lenses 20a and 20b.

In Tables 1 and Tables 2 to 5, to be presented later, OBJ denotes an object
point, STO designates an aperture diaphragm, S1, 82, 83, indicate the surfaces of the

lenses, in the order the lenses are arranged, and IMG denotes the recording surface of



between the lenses 2 and 3 is adjusted. The spherical aberration, thus
generated, has the polarity that is opposite to that of her i cal
aberration occurring at another optical surface. Hence, 1? %‘B‘Pleér%o@él
aberration and the spherical aberration occurring at another optical
surface cancel each other at the focal point. As a result, the entire 17
Decenber 2003 22 spherical aberrati®h in the optical systemcan be

corrected well. The aberration-correcting lens group 1 has a considerably
smal | gy Egh'cﬁlaﬂlecoﬁcllﬁgtlﬁé&unhq\&evtﬁe imbipe-fophétg safaceber rati on generated as
the | enses 2 and are noved in the optical axis is, therefore, of mainly

P RS CRbRAn R AR 1A, biScaSENipCR, smbara £R0, nesuile no

from the t uring errors o e objectlve | ens 20 and
transparent substrate 101 i cI ude hi der err o) Thi cause
the. obssgurasiem shiheaysitas isilavgen R OB Aagane oS abeiipfigh i B
aberration-correcting lens group 1 al one cannot conpletely cance{ﬁtfe

he

spher i gafenaheslicindn FIh 2¢.dEurther, the taterdebenationgacchpang §haaeag
spheri Ccal aberration, it is necessary to determ ne the novenent of the

rol r?i%ﬁ”’é@?%‘{}?ﬁﬁ gstkﬁﬂﬁég@%ggn 1! BAPEAG i cTficrd] ARt IoATH 6 optialod i s

enpl o e marn Iight beam and the OPD of the
anbi ent g beans.. The Ienaééﬁ ag 3 are set at such positions as to
m ni mazesp ghe gystemrisadustple @h Ds calculated, i.e., the root nean

square of the spherical aberrations. Let us consi der t he spherh]yg_{
aberrat i on Thabptiesl system shownhie IH&sd 1rese-called inflrite sistem. Hbw #hg lens
group is renoved fromthe optical systemof FIG 1 as is illustrated in

FIG 4o I@@Q&m ?é%%ﬁf%decftra@rmﬁhltbfﬁ&st@hb@CThuabbﬁaaoﬁ&mmgdms gebupol be
about 16 or each lens. The error in adjusting the space between the

I enses. %?—raanged between a light source (not shown) and the objective lens 20. The group

1 comprises the first lens 2 and tﬁe second lens 3. The first lens 2 is a biconcave lens
and located near the light source. The second Jens 3 is a biconvex lens and located
near the objective lens 20. Nothing but air exists between the first lens 2 and the
second lens 3.

The optical system comprises means for adjusting the space between the firs
and second lenses 2 and 3 of the aberration-correcting group 1. The means, for
example, a uniaxial solenoid actuator, is connected to the first lens 2 or the second lens
3. The aberration-correcting lens group 1 generates spherical aberration as the space
between the lenses 2 and 3 is adjusted. The spherical aberration, thus generated, has
the polarity that is opposite to that of spherical aberration occurring at another optical
surface. Hence, the spherical aberration and the spherical aberration occurring at

another optical surface cancel each other at the focal point. As a result, the entire



and 20b conposing the objective lens 20 is estimated to be about 10 [Lm at .

maxi mum  Further, the thickness error of the transpareni) @ubstrat 0l is
estimated to be about 10 u n, too. In view of these err f &c rﬂ%ﬁfggﬂ rical

aberration will be too |large to neglect 17 Decenber 2003 23 if the
objective lens 20 has a particularly_large nunerical aperture and if the
spherical aberration is not correct®t at all. The wave-front aberration in
the optical systemshown in FIG 4 is 0.002 rinsa,. if t he thickness of the
t r anspphefitalsabestatatentihe apfimab sestemp cam bncozpefe vl aberration will be
generated. This spherical aberration can be well corrected as indicated by

the broken }i06,sH9MBnLdbridd@ngblendYgroyi Nhat hecbisidérablnsmail mmyerical
aberration-correcting lens group 1 used'in the optical systemof FIG 1. In

FIG 5, the .novenent,of the aberrati.aon- | Whré meved

r epr eSRTREC PRI [HF spﬁgmc@&iﬁgg%ﬁlg?l \r%ggﬁ{tﬁg%ﬂg%%%@% %giih gcor{stli fute the
aberration-correcting lens group., In this optical system the exf ront
aber r anithe apicabexsufs, ithersderey Ofdpmglé‘?jﬂub‘?/ Ollrg?/‘i' nénc ﬁ’e@ P%‘ﬁg hgﬁ&t Flﬁeé group
1, which is nore renote fromthe objective lens than the qther, | ens, by a

di st angchidaDefdrnatbriebdving o teethithmssmhenifactsingresrars S B eRieeVa 01” has
a thickness error of approximately 10 m Ad = -34.458 At (Ad: the distance

one | ens - 0Bs reAt i 106eddr dbermmiead Tt is badaase
t hi ckﬁlgg %@rabg&l%ﬁ%%e tsﬁgﬁg%r@étmggtdgt%g% e) Generally, the Marchell's

S T ol PR IR T i g

re; P 25 - hzgg r:gcrgﬁp t1h glo(:l%t cannot actoln(ljprnlle{erl]y candel Hl%aslplhte%caf ASSI60Y. TGl Ghness
minimize the root méan square of the spherical aberration, it is necessary to determine
the movement of the aberration-correcting lens group 1. In practice, a ray-tracking
method is employed, calculating the OPD of the main light beam and the OPD of the
ambient light beams. The lenses 2 and 3 are set at such positions as to minimize the
difference between the OPDs calculated, i.e., the root mean square of the spherical
aberrations.

Let us consider the spherical aberration that may occur in the case where the
aberration-correcting lens group is removed from the optical system of FIG. 1 as is
illustrated in FIG. 4. The thickness error of the objéctive lens 20 is estimated to be
about 10 pm for each lens. The error in adjusting the space between the lenses 20a
and 20b composing the objective lens 20 is estimated to be about 10 pm at maximum.

Further, the thickness error of the transparent substrate 101 is estimated to be about

10 um, too. In view of these errors, the spherical aberration will be too large to neglect



the transparent substrate can be alnost negligibly small in this case. If .

the objective Ilens has a thickness error or an assenbling error concerning
the space between the 17 Decenber 2003 24 |enses, the sifdéecepbengers t he

| enses of the aberration-correcting lens group is changed in the sane way,
thereby to correct the spherical aberration. If the spherical aberration

is not corrected, aberration too pr@inent to neglect will remain as is
indicated by the solid linein FIG 5. In tg;benbodi nel%i@%ge(r) Elélnc G 1,

t he aberrati.on-cofr i I rke mSnmeswap spetunes ar dor two
Ienseéf,etilp.Oi’l?&fwgefl??gth%?g@@m&ﬁéﬁgE\)a f]gs a negative lens and the second

l ens 3 which i s a positiye ns. Nonetheless, it suffices for the
aberrabbn‘ationrlfﬁé@tp%eq:t@ﬁ@@ﬁoup 1 to have a group having negative power

and a group having positive power. Each of these gr )se a
plurality ofhd ®asedronthberatien m tmeop’c@@hm?@nlsgﬁwaf’ﬁgf é%bt%r%%ési tive

| ens group may be arranged in the reverse order. Inthis case, the

spher i cal APerLAL Ol AENELALSALY sathumb! 101 chengemby +Ba 8o sPheEsd | ens

gr oup§ termned by the space between the |ens

groups, not by the order in which the.len AngsdlectEteas
aber r afjeprativor malltbengeneratedyr ddys &8 EPF&%%%@%%%@% the function of

a collimator. If this is the case, the nunber of conpgne i ing
t he O%idﬁ%lted ¢he Broken dier stlased, InnBIEng, iRY %Wg%ﬁﬁaﬁ% algﬁgféef P#;e
a ad a

optic d to lower the manufacturing cost of the og#[iﬁfd}e? d. In
t he enfodi nent ¥ NS 1 dsBd i9fid opticad pystem oEFIGR §.nm Y g@%tem in
whi ch quqrhﬁgﬁé%g{delgg&(s%t 1ghown) collinmates the Ii ghtabbeam em'@::fttﬁd from
the light source, as a special ' bapthe ceaitedm ¢amme OLith§ | ens
gr oup. movemsat; off ihg zﬁ@naﬁﬁ)n-co‘}re&ﬂ{é’ len8rblp R

space between the lenses that constitute the aberration-correcting lens group.

In this optical system, the wave-front aberration can be sufficiently suppressed

by moving the lens of the group 1, which is more remote from the objective lens than

the other lens, by a distance Ad defined below, provided that the transparent substrate

101 has a thickness error of approximately £10 pm.

Ad=-34.458 At

(Ad: the distance one lens of the aberration-correcting lens group 1s moved, At:

the thickness error of the transparent substrate)

Generally, the Marchell’s criterion regarded as the minimum requirements for

good images that have optically reached diffraction limits is wave-front aberration of

0.07 rms(. Hence, the deterioration in image quality, caused by the thickness error of

the transparent substrate can be almost negligibly small in this case. 1f the objective

i ¥ ' n the
lens has a thickness error or an assembling error concerning the space betwee



optical system a beamsplitter or an ananorphic prismcan be easily
arranged between 17 Decenber 2003 25 the collimator |en 7 nd the
aberration-correcting |l ens group. Neverthel ess, the optiiaﬁec%’%?r@r%oaf t he
optical head according to this. invention can be constructed in the form
of a finite system In the enbodi nent described above, the objective |ens
Is One that conprises two |ens grou%‘%, each consisting of one |ens.

I nstead, the objective lens may conprise three or nore |enses. The ,optical
syst effendest fhe spatt batwdzerttic derses of thy aherrationpearsetiing lanegronp AS chanesdt i vel y
works to correct spherical aberration, particularly when its objective |ens

s comReRedfl Dby tocifed ogsend] Hoenatian gthcgihetipaiabermtion 0. 8 or

nor e. ws € optical systemof an optical head according to the

i nvent.i on, which, ijncorporates an j.ectl | NG |

aper t df BObpoEeEiedrpbETy ?’?ﬁoaﬂ pr?ﬁ??%ﬁqtgﬁiaegyet%ﬁgﬁ 92%’%3‘# vasglégﬁs c()i\/\llrgj?;j1 iihne t he
following Table 2. 17 Decenber 2003 26 [Table 2] Objective Ilens NA / Focal
di st arsodid/lirtBntty BKgeS pupi | N (0. 80/ 2. 648nm1 4. 237nm) Wavel ength )= 660nm

Sul f at eRadi us of curvatureAxial interval Flexion rate Nd / AbbeFlexion rate

N OBJ( mm) ( ManheiHibedinvsht ahotml inrfeid. 6hemb&iedon-cRntetioglengroup 1 is
Si K:0.0D:0.02.0 1.51633/64. 11. 514207
composed of two groups, or two lenses, i.e., the first lens 2 which is a negative lens
and the second lens 3 which is a positive lens. Nonetheless, it suffices for the
aberration-correcting lens group 1 to have a group having negative power and a group
having positive power. Each of these groups may comprise a plurality of lenses.
Moreover, the negative lens group and the positive lens group may be arranged in the
reverse order. In this case, the spherical aberration generated by adjusting the space
between these lens groups has polarity that is determined by the space between the
lens groups, not by the order in which the lens groups are arranged.
The aberration-correcting lens group described above may have the function of
a collimator. If this is the case, the number of components constituting the optical
head can be decreased, making it easy to manufacture the optical head and to lower the
manufacturing cost of the optical head.
In the embodiment described above, the optical system is an infinite system in
which a collimator lens (not shown) collimates the light beam emitted from the light

source, as a special solution to the aberration-correcting lens group. In the infinite

optical system, a beam splitter or an anamorphic prism can be easily arran ged between




A:0.0E:0.0 B:0 F:0.0 0. R-19.0C. 0.0 S2K:0.0D: 0.01.523091 A .0.0E:0.0

8:0.0F:0.0 R-17.055C: 0.0 S3K: 0.0D: 0.01.6 1.620136. 31. 6147885 A.o.ggbé).o
13:0.0F: 0.0 R 25.0C 0.0 S4K: 0.0D: 0. 03.0 A: 0.0E: B:0.0F: 1/ December

R 2.43644C: -, 216921x] 04 S5K: - 0. 530603D: -.526207x102. 306044
1.4955/81. 61. 493482 A: 0.462792x10""' E; 0.0 B:-.131930x10"'"'F: 0.0
R 19. 29810C: 0. 502887x104 S6K: - 26. 403411D: 0. 01. 039076 A: -.838023 x 10-3E: 0.0

the collimator lens and the aberration-correcting lens group. Nevertheless, the optical
system of the optical head according to this invention can be constructed in the form
of a finite system.

In the embodiment described above, the objective ler:s is one that comprises two
lens groups, each consisting of one lens. Instead, the objective lens may comprise
three or more lenses.

The optical system of the optical head according to the present invention
effectively works to correct spherical aberration, particularly when its objective lens
is composed of a plurality of lenses and has a numerical aperture of 0.8 or more. FIG.
6 shows the optical system of an optical head according to the invention, which

incorporates an objective lens having a numerical aperture of 0.8. This optical system

has the design values shown in the following Table 2.



B: 0. 455037x10-'F: 0.0 17 Decenber 2003 27 R 1.50881 C.0.579591 x 10'1

S7K: -0.198463 D:..317005x10"' 11. 4988341. 58913161. 31. 586056 L‘? 999579x10' 1
E:0.0 B:-.127468x10'1 F: 0.0 S80.0 - S90.300751 8100. 11.53 @@ﬁe’g%@Q%I M30. 0
FIG 7A illustrates the spherical aberration occurring in this optical
system FIG 7B shows the astigmati smoccurring in this optical system
FIG 7C shows the distorted aberrat?®n occurring in the optical system
FIG 8A depi cts the lateral aberration occurring at an angle of field of

i shovvs the |l ateral aberration on the optical axis of the
opt| cal system The wave-front aberration in the optical system sh in
FIG 6 000 TmEX 11 The Transparent, subsfrate hg,g a1k g.kness Brror
0 2 ength 2 01
of 20| Qe e P s ey P OB R 2 e e e
spher { Cabmoablr r at | Omsuekdiyaiet SUF f i [cesuitlereby e Bee e ¥dbhe at i |FHERBEFett i ng
| ens @roup. by a predet %_QBI ned distance @smis i|hmstdadied in pl@mm 9. |If the
t r ans parent—pubstrate—has—athrckness—error—of [ about 10 gm [the wave{front
aberr qti@m generat ed by‘*’t his error can bé& suffjciently suppriessed, ngrely
by nmow-rg—tpe—enses—ef—the—abertatTon-Torrecying 1ens group by Ad defined
bel ow] sTO - 0.0
R:15.0 C:0.0
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Ad = -19.685 At 17 Decenber 2003 28 (Ad: the distance one |lens of the

aberration-correcting lens group is noved, At: the thlckﬂﬁis error of t he
transparent substrate) If the spherical aberration is no

aberration too promnent to neglect wll remain as is indicated by the
solid line in FIG 9. As the equatlog [11 shows, the larger the nunerical
aperture, the worse the spherical fration. Theref ore, spherical
aberration tpo |large to neglect—will—oecur—i—the—obiecttvetens—tas) a
nunerifcal appriwmese of @s@ssonomore [and if the [spherical aberiration i§ not
correg¢ted, TNE Ysksof spGhe@neoptical ekgarnt desciiahedsabove camssuppress
spherijcal aperration. This facilitjates the use of a |lens hgving a | arge
NA, king if*p88%Bie ¥ increasel the recordj ng density ard storage
capacity of 1 herzapriotal Freecordi ng nedium_As descri bed abovd, spheri ¢al
aberri g cpn be sufticlently suppresseg, in the optical sylstemof §he
optical head|according to the presept inventiop. This renderjs it easgy to
use am objective lens having a |arge nunerical japerture. Asja result] it is
possi bl e to enhance the recording density and ptorage capacijty of th
opti caql recording nedi-um [Optical Fb%q%ﬁThe bpt i cal head gccordingjto
this iHaventi-pn nn"pf:°e° steh—aR—epHcar—system—ashas beernydescribed
above|. #8 shown in FIG= 10, the optical®head |s designed tao &8t d|and
reprocucgldaia signals qQn and from pan op§d cal fecording nedijum such as a
phase T,llallgc Uptl cat—disk—t+t+—TFhe P |abe-(,'nange Op[i cal disK [IT, on Whi ch
the opti®&l head 10 perfiorns the 0.0

174

FIG. 7A illustrates the spherical aberration occurring in this optical system,
FIG. 7B shows the astigmatism occurring in this optical system. FIG. 7C shows the
distorted aberration occurring in the optical system. FIG. 8A depicts the lateral
aberration occurring at an angle of field of 0.5°. FIG. 8B shows the lateral aberration
on the optical axis of the optical system.
The wave-front aberration in the optical system shown in FIG. 6 is 0.001 rmsA.
If the transparent substrate has a thickness error of 220 pm, spherical aberration will
be generated. To correct this spherical aberration well, it suffices to move the
" aberration-correcting lens group.by a predetermined distance as is illustrated in FIG.
9. If the transparent substrate has a thickness error of about £10 pm, the waveé-front
aberration generated by this error can be sufficiently suppressed, merely by moving

the lenses of the aberration-correcting lens group by Ad defined below.

Ad =-19.685 At



17 Decenber 2003 29 recording and reproduci ng of data signals, conprises a
transparent substrate 12, a signal-recording |ayer, and _?Pprot ective |ayer

13. The substrate 12 has a thickness t2 of, for exanpl e]’ PeSeHRR#008. 6 nm
The signal -recordi ng | ayer undergoes phase changes to record data signals.
The protective |layer 13 has a thickness t3 of, for exanple, 0.1 iron.
Light is applied not to the transparéht substrate 12, but to the
protective layer 13 that is nuch thinner than the transparent substrate 12,
thereby to (Adeks distdraeai® lens bfithesibgmaltionegwratiing lensmioupns masedddti ng
signals fromthe signal- recording |ayer. Nevertheless, the optical head 10

of thig ipventio I f QN With an optical recording nmedi um
whose tﬁﬁéﬂ{c ﬁ§sp§17§ﬁ8f§ﬁebe{s}?¢%%&%%brgg%§ ves light so that signals may be
recorded on_ the signal-recording | ayer or eproduced fr

si gnal - r ecotfdhagpherye .at@ﬁétl%ﬁ Bef g%’é?&gedl_@{jﬁlgéﬁ?ﬁ ;E%%pltoéﬁﬁ?ielpfonl\}%te “Hn,
which is designed to record and reproduce data signals,on fromthe

n
phase-@laragaiondsi is ahdidhteld Wy thehsndidding gt IG dur Ae the penatiib )8?19% c
collimator lens (not shown, either). The |light source nmay be, for exanple,

a sem I%Prgk%t@é ﬂ{uﬂe?ﬁﬁg Jetalre Sifetworde bl wbiekitabsbearaticed Tieseforbesphenaal ng

em ssi o0 engt 635 urn. The light source emts a | aser beamof a
specifi.c intensi.t i N order .10 _repi . i | h&ed1B8erture
Phase. AAFOTE e taegicE] wiltgob R ERE 8 s ap e aerture e
optical disk 11, the light source emts a |aser Pecﬂm whose intensity is
modul a0£0.8 or metorudatthomphericababprraiion MAtLOTIEG%he optical head
according to the present invention, the wavel ength of the |aser bea
em tted froThtheel dRiicks amropticak elententidestubied agam: icen| WPprefsuphenica
Decenber 2003 o .
aberration. This facilitates the use of a lens having a large NA, making it possible to
increase the recording density and storage capacity of the optical recording medium.

As described above, spherical aberration can be sufficiently suppressed in the
optical system of the optical head according to the present invention. This renders it
easy to use an objective lens having a large numerical aperture. As a result, it is
possible to enhance the recording density and storage capacity of the optical recording
medium.

[Optical Head]

The optical head according to this invention comprises such an optical system

as has been described above. As shown in FIG. 10, the optical head is designed to

record and reproduce data signals on and from an optical recording medium such as

a phase-change optical disk 11.

The phase-change optical disk 11, on which the optical head 10 performs the



30 sem conductor laser that emts a | aser beam having a wavel ength shorter.
than, for exanple, 635 inn, nay be used. If so, it mnulq e desirable to
apply a |laser beam having a wavel ength as short as possi bPgcepBer 3008

pur pose of further increasing the recording density and storage capacity of
the optical recording nmedium In thiz case, the spherical aberration can
be corrected nore effectively. In ad ?tion, the present invention can be
applied to the case where | enses, .each having so |arge a n ric b

aper t upeonskngiant rgpnedurieg @ﬁt@tﬁéﬁnaiﬂaéﬂl%ﬁlil%ﬁﬁ %franﬁwpnbélﬁﬁf%a ng a
wavel ength of 635 nmor nore. Adiffraction grating diffracts the |aser
beam efigridladcbrding Ifer] aigha psetectiee lablee 13| iTitet substmte £2 hhenadhigksetsit? into a

Oth -order beamand a first-order beam The collimtor |ens (not shown)

conver - of b t hi . n?e@ 8 b9 phapar al | el
| i ght egéﬁhg’i%{e]mea?é?q@gaﬁ]@mﬁ‘gﬁgn'p?t& aelf %lgﬁ Blé)f/gcg) gl ol ?Frrrgt gf’goengh ai S
applied to the signal- recordi surface 11 a o he phase-ch tical
di sk rhanggs &gﬁc%rﬁgé@tarSIMS-b P%%PF*&Y%;J‘%H, {%ilii&- %ﬂ@%@?%?p?%t e 15,
an aberration-correcting lens group 1 and an objective lens 20. The |aser
beam appindd, 0ol nme. phage-is edapti toathedranspatent mbsirgise t2.chutcia Hie

pol arization as it passes through the 1/4-wavel ength plate 15. The

obj eckjm@edtﬁfeqaﬁ& { Debsas rhiivh laessr theathemrahbsarshndistraes O2 diege ace
1lla. uni axi al “actuator 21 can adjust the space between the |ens groups

that _consfit h [ | r | [ - head
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recording layer. Nevertheless, the optical head 10 of this invention can used in

. combination with an optical recording medium whose the transparent substrate 12
receives light so that signals may be recorded on the signal-recording layer or
reproduced from the signal-recording layer.

The optical head 10 according to the invention, which is designed to record and
reproduce data signals on and from the phase-change optical disk 11, has a light source
(not shown) and a collimator lens (not shown, either). The light source may be, for
example, a semiconductor laser that emits a linearly polarized laser beam having
emission wavelength of 635 nm. The light source emits a laser beam of a specific
intensity, in order to reproduce data signals from the phase-change optical disk 11. To
record data signals on the phase-change optical disk 11, the light source emits a laser
beam whose intensity is modulated in accordance with the data signals.

In the optical head according to the present invention, the wavelength of the

laser beam emitted from the light source is not limited a particular value. A



a phot osensor 19. The photosensor 19 receives the |light beamrefl ected by
the signal- recording |ayer and applied through the objective | ens 20,
aberration-correcting lens group 1, polarized beam spli {f Becamberr2§88si ng
lens 17 and nulti-lens 18. That is, the incident |ight beam applied to the
signal -recording surface 1la of the Ehase-change optical disk 11 is

refl ected by the signal-recording sufface 11 a and applied back to the
optical head. The beam thus applied back propagates alo he, opt.i cal

pat h, seasisbndudtor dargh thieemiisexidsee beamsh@ongrdvareleasdy ﬂ%ﬁqnﬂ]@ar cting
|l ens group 1. Thereafter, the beamis applied to the 1/4-wavel ength plate

15. As i 5651t IF eaidh wodd bé4tesiublestogapplylataser beam
r ot at e#a?ﬁe%hgﬁg&é fro Iqt?efle direction in which it was polarized when

applied t.oward the optical disk, | } ' byhcsOLyes tledl to a
| i neaﬁF%V‘BSIaaWWg&n Lt Sifﬂlgrf‘sb%%%ihjl %’_f(%g%\lerﬂg’??g%:ét égrfqul)i/&t %le r eP?gecti ng
surface of the polarized beamsplitter 14.. The beam ref .ectefj tﬁs&

r ef | ectecordisg density and stesage Fapacidifas APESR: keCardpg MU S FHUEG t ne
focusing lens 17 and the multi-lens 18 and is detected by, the photosensor
19. Th@enHetichPaberkibs can lbencorhested nare syfféattiely.aln additum dbe presdtand a
concave emtting plane. The nulti-lens 18 inparts astigmatismto the input

light . %ﬁﬂ‘gﬁ%aé*@eta BQELSHREE YR wheRaAkn By ehéh Heviaetsedatpe amanseridal t he

so-cal st gmat i'sm net hod. e photosensSor 19 conprises six

phot odi odes. Eac hot odi ode outputs an I i onds
o t neaperteissrs YUbECRHat Fate s anraarr o HESt by 10 & My R BEp S
is perforned on the electric signals the photodi odes have output, 17

Decenbé35 2008r BoreA f ocus servo signal and a tracking servo signal are
t her eby gener at ed.

A diffraction grating diffracts the laser beam emitted from the light source. The
light beam is thereby split into a Oth -order beam and a *first-order beam. The
collimator lens (not shown) converts the 0Oth -order beam and the *first-order beam,
each to a parallel light beam.

The laser beam, made parallel by the collimator lens, is applied to the signal-
recording surface 11a of the phase-change optical disk 11, through a polarized beam
splitter 14, a 1/4-wavelength plate 15, an aberration-correcting lens group 1 and an
objective lens 20. The laser beam applied to the phase-change optical disk 11
undergoes circular polarization as it passes through the 1/4-wavelength plate 15. The
objective lens 20 focuses the laser beam on the signal-recording surface 11a.

A uniaxial actuator 21 can adjust the space between the lens groups that
constitute the aberration-correcting lens group 1.

The optical head 10 further comprises a focusing lens 17, a mutlti-lens 18, and



In other words, the photosensor 19 detects the |ight beamt6 which the
multi- lens 18 has inparted astignati smand outputs el ecéri c signals form
whi ch a focus servo signal can be generated by the so-c WP%‘EFW?B%tism
method. In the optical head 10, the focus servo signal drives a biaxial
actuator 16, thus performng a focus Pervo control. The photosensor 19
detects the first-order beamthat has' been diffracted and slit by the

diffraction grating first-order beam ,The_ photosensor .19 tputs. an

el ect raphcﬁjogmﬂorflr%rﬁﬁlmlmiowlsﬁé&ﬁW@l‘é@rf\]ﬁ@q@i"éﬁﬁﬂ“&ﬁﬂeg@gg’é’%%{%%y t he
so-called three-beam nethod. In the optical head.10, the tracking servo
si gnal redbi RS 141te idaapipiled thedupdt the otfectivecienb? 0aabenratpdi-shitegtingtengki ng

1
servo controg. Mor eover, the photosensor 19 outputs electric signals, each

correspondi 0. 1 | ' i IAgi {-1dnQ iI®1e phot odi ode. A
prescrﬁlﬁ’é‘g f;gjé’ﬁ%ﬁ‘%e ?“{s“%g@ﬁ’?%ﬁg& %%ﬁlgr}g]g%qglaggt@?@ signals so that the
electric signals may, be reproduced, as. ,data signals, -for f he
phase- chang&hafpsi the m@}d;g@t Bﬁﬁt ﬁSmH@;P@?ngéa tﬁ%é\é,aﬁf $rr g%mc]%?&seyfsfw of the
optical head 10 according to this invention ponPrl ses. a lens g oug}éor
cor r ecthienthasphbuhgeabptibslrdisk i bns reflestedhy the sigpa ceaordingcania : o#d i cal
aberration resulting fromthe manufacturing errors of the optical system

This @]5;@ | b2 8ARY 721 BBa®biT8E e, ks appNédback propagatasnalong ahe
apertur .%dt]sals th%lrreg%ﬁére po%si bl e teo i'ncr eaigght he reiéor di ng density and

L e
ggf : gggfoutpol.r %ﬁgrrc%ﬂae?,d th%ei)%;i%dilsj %Sp 12& fo ﬁieg{ﬁl-\%age e%Q% ;f)lgt%nl 8 .hisqﬂgﬁfgh? hange
beam passes through the 1/4-wavelength plate 15, it rotated through 90 from the
direction in which it was polarized when applied toward the optical disk. The light
beam is thereby converted to a linearly polarized beam. Then beam is then reflected

by the reflecting surface of the polarized beam splitter 14.

The beam reflected by the reflecting surface of the polarized beam splitter 14
passes through the focusing lens 17 and the multi-lens 18 and is detected by the
photosensor 19. The multi-lens 18 is a lens having a cylindrical incidence plane and
a concave emitting plane. The multi-lens 18 imparts astigmatism to the input light
beam so that a focus servo signal may be detected by means of the so-called
astigmatism method.

The photosensor 19 comprises six photodiodes. Each photodiode outputs an
electric signal that corresponds to the intensity of the light beam applied to it. A

prescribed operation is performed on the electric signals the photodiodes have output,



di sk 11. Nonet hel ess, the optical head can be nodified to record and
reproduce data signals on and fromvarious types of optical recording

nedi a such as a playback optical disk, a magneto-optical? Beekmbes2083¢t cal
card and the like. [Recording/Reproducing Apparatus] As shown in FIG 11, a
recordi ng/ reproduci ng appar at us accoggi ng to this invention is designed to
record and reproduce data signals on“and froman optical recording nedium
such as the above-nentioned phase-change optical. disk 11. The apparatus
conpr i Adecuhseruptsigr] ané@dtra@uﬂgé@W@a%g%@&#eM@PV&E@B%@%%%. The

recordi ng/ reproduci ng apparatus is designed to record and reproduce, data

si gnal s on néthkr eortifahplpeeosenangto dptactathedighit bbam Mowhicthgreamitig t hi s,
the apparatus according to the invention can be nodified in various nodes

as a jreceopsling/r LR rrﬁpgf%.mﬁﬁ Rhedt 4 Efuskead havi ng
an objlgﬁ ?ggasﬁ@%&é%%{féﬁ%}&ﬁﬁgag%@é%?‘%ecor ialng rrédi um on and from which
t he apparatus records nd.repro es..data signals e pti cal
di sk, M@ﬁ&bﬁgﬁﬂﬁéﬁﬂ% @@,SOa%qfégﬁtSPSg}a%éH} eﬁ?°‘1~ @‘i‘ﬁ%koﬁl%gg%lg’
recordi ng/ reproduci ng apparatus 30 conprises a spindle notor_ 31, an

opt i cahehfeeds kerva sfgnall drivesra Biaxial antdatbrtlioe thuk pedorainga OCRE $FTVA3, a
servo control circuit 34, and a systemcontroller 35. The spindle notor 31

r ot at ﬁﬁ)&tﬂﬁ phase- change optical disk 11. The optical head 10 is used for
recording and reproducing data 17 Decenber 2003 34 signals. The feed notor

Cracks. of - haC pHauBeBRampL6Retcle fiskotdbr tEIFRR hAEL AT AL AN 01
circuit 33 effects specific nodul ?.t! on and denodu] ati on. TTS C’sue,[r1\1/tos E(I:I('l)nt r ol
ci r cuidlit3y the diffraction grating *first-order beam. The photosensor p
electric signal from which a tracking servo signal can be generated by the so-called
three-beam method. In the optical head 10, the tracking servo signal drives the biaxial
actuator 16, thereby accomplishing a tracking servo control. |

Moreover, the photosensor 19 outputs electric signals, each corresponding to
the intensity of the light incident to one photodiode. A prescribed operation is
performed on these electric signals so that the electric signals may be reproduced, as
data signals, form the from the phase-change optical disk 11.

As described above, the optical system of the optical head 10 acéording to this
invention comprises a lens group for correcting spherical aberration. The lens group
can cancel the spherical aberration resulting from the manufacturing errors of the
optical system. This makes it easy to use an objective lens having a large numerical

aperture. It is therefore possible to increase the recording density and storage capacity

of the optical recording mediumn.



perforns predeterm ned servo control on the optical head 10. The system .
controller .35 controls the entire recordi ng/reproduci ng apparatus 30. The
servo control circuit 34 controls the spindl e notor 31, gﬁpéﬁﬂp@”@pp%en at
a prescribed speed. The phase-change optical disk 11, on and from which
data signals wll be recorded and rgproduced, is chucked to the drive
shaft of the spindle notor 31. The gﬁindle notor 31, controlled by the

servo control circuit 34, rotates the disk 11 a %iﬁg rfscri befj speed. The
optical hedd the ampbbdavent Haswibageabove ¢ eob%(ééeh Hgé 1§ pVERIORi Sk 11
being rotated, as nentioned above, in order to record data signals on or
repr oQleeRmAdaltd reShid @l Brdproticd Hatapigrads ohandefrantthe phast-shauge offiealhead 10

al so detécts the light beamreflected fromthe optical disk 11. The

optical: head, 40 i n ' IRBdGES Gatiat 33.
In or diéﬁik ? g ;\io&?ﬂielg&dgﬁébgﬁ%énlg}efaﬁaagq%ﬁ?&% gﬁé@é}/ ﬁggw%&%ﬁé@peci fic :

nodul ation on the signal supplied ffrqm an .external cjrcui si gnal
nodul #tgnals en gugfraneyaneus tpes pt pplaea Fi%%f?fdﬁtﬂm?ﬁ'@SBBbF‘EaPia}é’i’g‘&k%gﬁ%%lp| ies a
| aser beamto the phase-change optical di-sk 11. This |aser beam has been

i nt ensditly-a Magdnttateptical disi;andeptical watchandthesligmal s supplied fromthe

nodul ati on/ denodul ation circuit 33. To reproduce a data signal, the

optic g]égg%ngg%%@gphglﬁlgﬁA?qﬁhﬂeam of a particular intensity to the

phase-change A Signal is reproduced from 17 Decenber 2003

'S supp i ect SHOMReIT AL dil dnSRRSRE SPF e SEPe Y R R e 1o
is connected to the servo control cirquit 34, too, At the.tine of recording
or repnveRizomes dasigned GpaPeordaay EQEP%BC% 8atAsigngfaen éﬂg frowy %%%PH&SF
recording medium such as the above-mentioned phase-change optical disk 11. The
apparatus comprises the optical head 10 that has been described above.
The recording/reproducing apparatus is designed to record and reproduce data
signals on and from the phase-change optical disk 11. Notwithstanding this, the
apparatus according to the invention can be modified in various modes as a
recording/reproducing apparatus that comprises an optical head having an objective
lens. That is, the optical recording medium on and from which the apparatus records
aﬁd reproduces data signals may be playback optical disk, a magneto-optical disk, an
optical card or the like.
The recording/reproducing apparatus 30 comprises a spindle motor 31, an
optical head 10, a feed motor 32, a modulation/demodulation circuit 33, a servo

control circuit 34, and a system controller 35. The spindle motor 31 rotates the phase-

change optical disk 11. The optical head 10 is used for recording and reproducing data



servo signal are generated fromthe |ight beamreflected fromthe )
phase-change disk 11 which is rotated. These servo signhals are supplied to
the servo control circuit 34. The nodul ati on/ denodul at i o7 &eperber 2893 s
connected to the systemcontroller 35 and the external circuit 36. The
nmodul ati on/ denodul ation circuit 33 rﬁﬂgei ves a signal fromthe external:
circuit 36 and nodul ates the signal der the control of the system

controller 35, thereby to record the signal on the ;?Qﬁgﬁ-changf opti cal
di sk $ignalsTahefeedduotor32dapsowidgd 4 mcr\@rfilﬁmﬁﬁﬁ 2l VRGO sk 11,

t he nodul ati on/ denodul ation circuit 33 receives the signal fromthe optical

head }Qdanfer Se8ROF Meqshasbehangaaptivalddisk e Trntoduladfor demegslasion
controller 35. The signal thus denhodulated by the circuit 33 is output

desi giutios s aiftet et bifafhab g dctstiilatt, ThEsceBEomm prg %

ptical_hea Ina radial direction

t
phase-change optical .digk 11 to a desjred.. iti0 i-n arder d or
r epr oecormstpredetprmined syrocestroksnd e?Ptlggﬁb‘?ﬁ\dvg% Jgﬁ‘aéy&F%E@%&@?‘%{ of
the control signal supplied fromthe servo control circuit 34. That is,

t he f@adcanttsls the ehfire meondiapgédptalucing spparatusofl.rol circuit 34, which
controls the feed notor 32. Under the control of the systemcontroller 35

the servo QvoTdntidl kirdtit FPEéKIBbIE thb@gfrﬁﬂd matbe 813 hiclcts diredn she
optical head 10 noves to a predeterm ned 17 Decenber 2003 36 position

‘Qﬂﬁ[ ?@} Iglrgp&gﬁgq g'pgqp%f gﬂiegﬁ}ﬁég-c&gﬁg% S]E)ﬁ]@ﬁrlﬂﬂc Pf,tdlféﬂd Ejrbgiiwii%h Jdi8 sEfiayo

. t e spi ndl’e not or Thus, it controls
S T TG MO X N A S
dat . STgnepindhmoton Bhcoauodleddehe sgre contrabprtons 34, rotates the sk 1 af "¢
the prescribed speed.
The optical head 10 applies a laser beam to the phase-change optical disk 11
being rotated, as mentioned above, in order to record data signals on or reproduce data
signals from, the phase-change optical disk 11. The head 10 also detects the light
beam reflected from the optical disk 11. The optical head 10 is connected to the
modulation/demodulation circuit 33. In order to record a data signal, the circuit 33
performs specific modulation on the signal supplied from an external circuit 36. The
signal modulated is supplied to the optical head 10. The optical head 10 applies alaser
beam to the phase-change optical disk 11. This laser beam has been intensity-
modulated in accordance with the signals supplied from the modulation/demodulation

circuit 33. To reproduce a data signal, the optical head 10 applies a laser beam of a

particular intensity to the phase-change optical disk 11. A signal 1s reproduced from



phase-change optical disk 11. The servo control circuit 34 is connected to.
the optical head 10, too. To record a data signal or %duce t he sane,
the circuit 34 receives the data signal and a servo si gﬁz ePeBhet4983
optical head 10. The circuit 34 controls the biaxial actuator 16 nounted
on the optical head 10, in accordanc% with the servo signal. Focus servo
control and tracking servo control are thereby acconpl i shed. Further, the

L S ek i Bt B e LA e R cEATE BRIE L L e

the aberration. In the recordrng/reproducrng appar atus descri bed above, the
aber r afhieanedulativaédémgdilatisngimui 3ount ed on the optical head 10 cancels
the spherical aberration resulting fromthe manufacture error of the

opti cal SySTﬁ‘g‘oPH%QPHcad 10i{8 c%ﬁﬁé’ctta@ tHQBe aBrvoodumesticiieulitedss, ol cAt ¢herpri ses
a plurality o enses and which has a large nunerical aperture. It is

therefore ssi bl.e to enhapce €, recordrn It

of thet ”@Bt(? SFOTHES it RYT Wﬁr‘?atér%%[m ﬁ)&%@%&é&\((ﬁ%&%@%&% S 0 t%e
optical head according to_ the present i nven |on 37 be
descr i fralo Isigralare gEndwEdrEnm e gl bepm & I%ﬂFeuE @ﬁce&%ﬁngpﬁg pti cal
systemincorporated in this enbodi nent. Table 3 present ed bel ow shows the
val ues] s ethitlni$ hgtateed | Thésesyesvesignbaresubliébetie seavd enstmhcrlrcmi&ﬁl

di stance | Entrance pupil (P (0. 85/ 1. 765m1 3. 00mm) Wavel ength 7. = 635nm
The modulation/demodulation circuit 33 is connected to the system controller
35 and the external circuit 36. The modulation/demodulation circuit 33 receives a
signal from the external circuit 36 and modulates the signal under the control of the
system controller 35, thereby to record the signal on the phase-change optical disk 11.
To reproduce a data signal from the phase-change optical disk 11, the
modulation/demodulation circuit 33 receives the signal from the optical head 10 and
demodulates the signal under the control of the system controller 35. The signal thus
demodulated by the circuit 33 is output from the circuit 33 to tiae external circuit 36.
The feed motor 32 is designed to move the optical head 10 in a radial direction
of the phase-change optical disk 11 to a desired position, in order to record or
reproduce data signals. The feed motor 32 is driven under the control of the control
signal supplied from the servo control circuit 34. - That is, the feed motor 32 is
connected to the servo control circuit 34, which controls the feed motor 32.

Under the control of the system controller 35, the servo control circuit 34

controls the feed motor 32 such that the optical head 10 moves to a predetermined



Surface Radi us of curvature Axial interval Flexion rate Nd | Abbe Fl exion

rate N (nun) (nun)nunber vd at d line at 635nm OBJao STONNQ.0 R 19.0 C. 0. 0
SIK:0.0 D:0.02.01.51633/64. 11. 15014 A' 0.0 E 0.0 B: 0.0 F: Y Begembes 260%: 0. 0

S2K: 0.0 D:0.01.523091 A:0.0 E:0.0 B:0.0 F:0.0 R -17.055 C. 0.0 S3K: 0.0
D: 0. 01. 61. 620136. 31. 616405 A:0.0 E: QO B:0.0 F:0.0 R25.0 C 0.0 $4K: 0.0
D:0.03.0 A0.0 E B:0.0 F: R 1.62730°%: -.0.749875x 104 85K: - 0505660

D: -.204775x10"' ' 1. 6397931. 4955/ 81. 6 4122 A -. 207
B: - . 9gueeion ewhere ¢he head 10 opposes t lle phase-change 0p’uc§'l6 glskollz T &rvo

control circuit 34 is connected to the spindle motor 31, Thus, it controls the spindle
motor 31, too, under the control of the system controller 35. Namely, the servo control

_circuit 34 controls the spindle motor 32, which drives the phase-change optical disk
11 at the prescribed speed to record data signals on or reproduce data signals from the
phase-change optical disk 11.

The servo control circuit 34 is connected to the opticél head 10, too. Torecord
a data signal or reproduce the same, the circuit 34 receives the data signal and a servo
signal from the optical head 10. The circuit 34 controls the biaxial actuator 16
mounted on the optical head 10, in accordance with the servo signal. Focus servo
control and tracking servo control are thereby accomplished. Further, the circuit 34
controls the uniaxial actuator, whereby the space between the lens groups of the
aberration-correcting lens group is adjusted to correct the aberration.

In the recording/reproducing apparatus described above, the aberration-
correcting lens group mounted on the optical head 10 cancels the spherical aberration
resulting from the manufacture error of the optical system. Hence, it is easy to use an
objective lens which comprises a plurality of lenses and which has a large numerical
aperture. It is therefore possible to enhance the recording density and storage capacity
of the optical recording medium.

Embodiments

Specific embodiments of the optical head according to the present invention will



17 Decenber 2003 38 R 89.45684 C.-.332978x10'"' S6K:0.0

D: 0. 921202x10"' =0. 252358 A:-.291281 x]0'' E: 0.0 8:0.459860x10-= F: 0.0

R 1.30215 - C 0.206089x10'; S7K:-0.503781 D: 0.01. 31405211%58ecesmter 2863 587011
A: 0. 193338x10" E: 0.0 5:0.720697x10" F: 0.0 S8000.0 89000. 149962 S

100. 11.529500 00 S I IM).O IA~0.0 F{;? 13A illustrates the spherical
aberration occurring in this optical "system FIG 13B shows the

astigmati smoccurring in this optical system FIG 13C shows the distorted
aber r &y descobedbeleny. i n the optical system FIG 14A depicts the lateral
aberration occurring at an angle of field of 0.5. FIG 14B shows the
IateraﬂElﬁb@dﬁTagﬂtqu on the optical axis of the optical system The

wave-front aberrafion in this optical systemis 0.002 rnsX.. If the
transpar e“tFIi}!b§hf %@»9%365&{%&&@%@% i caf s%@tdﬁl inpbydramd abehisat i on
will be generated. To correct this spherical aberration well, it suffices
to nove } he aberrat i on- _ . .
embogiment. "[a;ble 3 presented below shows the Values set in the optical system.
{Table 3]
Objective lens NA / Focal distance / Entrance pupil ¢ {0.85/1.765nm/3.00mmy) . Wavelength %= 635nm
Surfhce Radjus of curvature Axial interval Flexion rate Nd/ Abbe Flexion rale N
{mm} A (mm} number vd at d line al 635nm
OBJ oo o
STO o 0.0
R:15.0 C:0.0
381 K:0.0 D:0.0 2.0 1.51633/64.1 1.15014
A0.0 E:0.0
B:0.0 F:0.0
R:-19.0 C:0.0
sS2 K:0.0 D:0.0 1.523051
A:0.0 E:0.0
B:0.0 F:0.0
R:-17.055 C:0.0
83 K:0,0 D:0.0 1.6 1.620/36.3 1.616405
A:0.0 E:0.0
B:0.0 F:0.0
R:25.0 C:0.0
54 K:0.0 D:0.0 3.0
A00 E:
B:0.0 F:
R:1.62730 C:-.0.749875%10™
85 K:-0.505660 D:-204775%107 1.639793 1.4955/81.6 1.494122
A207368%10? E:.0.0
B:-.999092x10? F:0.0




correcting lens group by a predeterm ned distance as is illustrated in FIG-
15. If the transparent substrate has a thickness error ﬁl about %% g\ the
wave-front aberration 17 Decenber 2003 39 generated by ch%ml?eg N
sufficiently suppressed, nerely by noving the | enses of the

aberration-correcting |l ens group by defined below, as is indicated by
the broken line in FIG 15. Ad = -417438 At (Ad: t he di stance one | ens of
t he aperratier—correetRg—ens—grogp—t+sovedTAt—thettigkmess ery or of

t he t[anspargehio4sibst r #-eP7PH0°t hi s |case, the spherical aberrdation resul ting
from { hegt hi ckaess errCﬁ‘ogﬂﬁozhh’e t rlanspaeant gubstrate becones al nost
negl i gi bl e. II SR | IaEr error occurs at any jconponent othgr than the
aberrati on-cprrec I'éis group, however, spherical aberration toojlarge
to neglect w 1P=?-45?8@ﬁ*éh n B i ndicated by the sollid line shownlin FIG |15,
Consequent | y| z.0aa -Si grab&ussa@not be recorded jor reproduced|in a desirable
mannef . Errbodl rrent 2]. FIG 16 shows tructur he qpt| system
i ncor por &t ed| FA*PHE pr%’sent enbodi rrenrtl?]% abl e pfr%égg;emrll%ed Rel J(')5\(1/;vrmslhov\/s t he
val ue$ set inMH@SSw’ﬂl dflo system 17 Decenber 2003 40 [ Tabl g 4] Objeftive
| ens NA / Fotgb.ébsisancgoel Entrancel pupil 9
(0. 85— 765T M3 00un)y Yavetength )| 41Z4 SurfTjaceRadr us of durvat ur eAxi al
i nteryal B exj on rate Nd=/ AbbeFlexijon rate N

39 oo 0.149962

s10 o0 0.1 1525500
511 . 0.0
IMG o 0.0

FIG. 13A illustrates the spherical aberration occurring in this optical system.
FIG. 13B shows the astigmatism occurring in this optical system. FIG. 13C shows the
distorted aberration occurring in the optical system. FIG. 14A depicts the lateral
aberration occurring at an angle of field of 0.5°. FIG. 14B shows the lateral aberration
on the optical axis of the optical system.

The wave-front aberration in this optical system is 0.002 rmsA. If the
transparent substrate has a thickness error of 20 pm, spherical aberration will be
generated. To correct this spherical aberration well, it suffices to move the aberration-
correcting lens group by a predetermined distance as is illustrated in FIG. 15. If the

transparent substrate has a thickness error of about £10 pim, the wave-front aberration



(nun) (mM) nunber vd at d lineat 41 Owm OBJCo00 STQ000.0 R 7.16382C. 0.0 .
S11::0.0D: 0, 01. 251. 51633164, 11. 529569 A 0.0E: 0.0 B:0.0F: 9, Q R -9. 94781C: 0, 0
52K: 0.0D:0.00.5 A:0.0E: 0.0 8:0.0F: 0.0 R -9.0C. 0.0 7 December 2003

S3K: 0. 0D: 0. 01. 01. 75520127. 51. 803040 A: 0. 0E: 0.0 B:0.0F: 0.0 R 15.0C: 0.0

84K: 0.0D:0.03.0 A:0.0E: B:0.0F: R 1.35730-.0. 749975>, 104

S5K: - 0. 50566D: - . 204775x10" 1. 5706191. 4955/ 81. 61. 504869 A: -, 207368x10" 2E: 0. 0

B: -.999092x1Q" ' F; 0. 0 R 89.45684C, -.332978x10-2 .
generated by th?s error can be suf%c:lent y suppressed, merely by moving the lenses of

the aberration-correcting lens group by Ad defined below, as is indicated by the broken
line in FIG. 13.

Ad=-41.438 At

(Ad: the distance one lens of the aberration-correcting lens group is mox}ed, At:
the thickness error of the transparent substfate)

In this case, the spherical aberration resulting from the thickness error of the
transparent substrate becomes almost negligible. If a similar error occurs at any
component other than the aberration-correcting lens group, however, spherical
aberration too large to neglect will remain as indicated by the solid line shown in FIG.
15. Consequently, data signals cannot be recorded.or réproducea in a desirable
manner.

[Embodiment 2]
FIG. 16 shows the structure of the optical system incorporated in the present

embodiment. Table 4 presented below shows the values set in the optical system.



86K: 0. 0D: 0. 921202x) 0" 30. 350169 A:.291281 x10-2E: 0.0 13:0.459860x10"2F: 0.0
R: 1. 30215C: 0. 206089x10' 3 S7K: -0.503781D: 0. 01. 2785411. 58913/ 61. 31. 604471
A: 0.193338x10*' E: 0. 0 B: 0. 120697x10"' F: 0.0 17 Decenber 2003P28emkei28¢3 c: 0. 0
0.0 K0O.0DO.0 A0.0 EO0.0 >3:0.0 F: 0.0 S90.134864 CO

S100. 11.51633/64.11.529569 .00 511w0..0 IM30.0 FIG 17A illustrates the
spherical aberration occurring in t hit optical system FIG 17B shows the
astigmati smoccurring in this optical system FIG 17C shows the distorted
aberr gfflable ¢curring in the optical system FIG 18A depicts the lateral
aberration occurring at an angle of field of 0.5 FIG 18B shows the

later ql—IObjeacp"glI;ng ]@:‘Il Ichxﬁldislance / Entrance pupil o (0.85/1.765mm/3.00mm) Wavelength 2= 410mn
Surface Radius of curvature Axial interval Flexion rate Nd / Abbe Fiexionrale N
_ (mm) (mm)} rumber vd at d line at 410nm
oB! o ' "
STO " 0.0
R:7.16382 C:0.0
81 K:0.0 D:0.0 1.25 1.51633/64.1 1.529569
A:0.0 E:0.0
B:0.0 F:0.0
R:-9.94781 C:0.0
52 K:0.0 D:0.0 0.5
A:0.0 E:0.0
B:0.0 F.0.0
R:5.0 C:0.0
33 K:0.0 D:0.0 1.0 1.75520/27.5 1.803040
A0.0 E:0.0
B:0.0 F:0.0
R:15.0 C:0.0
5S4 K:0.0 D:0.0 3.0
AQ0 E:
1B:0.0 F:
R:1.6273 C:-.0,749875% 10"
85 K:-0.50566 D:.204775%107 1.570619 1.4955/81.6 1.504869
A:-207368%10° E:0.0
B:-.999092x10% F:0.0
R:89.45684 i C:-.332978x%107
86 K:0.0 D:0.921202x10° 0350169
A-29]1281 %107 E:0.0
B:0.459860x10°  F:0.0
R:1.30215 €:0.206089x10°
87 K:-0.503781 D:0.0 1.278541 1.58913/61.3 1.604471
A:0.193338x10" E:0.0
B:0.120697x107 F:0.0




on the optical axis of the optical system The wave-front aberration in
this optical systemis 0.003 nnsX. If the transparent substrate has a
t hi ckness error of 20 gin, spherical aberration will be TgbRepmber00$o

correct this spherical aberration well, it suffices to nove the aberration-
correcting lens group by a predeterm’ped distance as is illustrated in FIG
19. If the transparent substrate ha! a thickness error of about 10 gi n,

t he ve-front aberration —generated by thi-s—agrrer—eafr—be——sy-fHcrentyy

suppr ¢ssed, nhppely by mpying the | gnses of the aberration-¢orrecting |ens
group|by Ad defined below Ad = -10.003 At (Ad: the distancé¢ one | enfs of
the aberrati preeorrectiong | ens group i s noved,| At: 17 Decentper 2003 42 '
the thicknespg, error of [the transparient substrdte) In this case, the
spherijcal abgrration resulting fromthe thickness error of fhe transparent
substriate bet8fts al rm§t°'°negl i gibl If a simllar error—occirs—at—thht

sectign @f the optical system which| i nobugles tlhe aberrati onqcorrecting |ens

group,|_however spherical aberrationtee !argteb(—e—ﬁeg+eef—~7m—|—|——r-erra" n as
i ndi cqt esloby{the solid Jine shown jn FIG 19.| Conwégiféht |y d=2t8%si pnal s

cannott—-be—+retorded—or—reprotucet—tp—a—destrabtfemanmmer — T [THTS o
enbodijnmefit, the |ight seurce uses a wavel®engt hf of 400 nm Hénce, chfomatic
aber r gttorm—mpy—beconme—a probtem—Fi 20_snows] how the Strefl val ue

changés Wt h|the change=i n wavel ength i ”"% he clase where an

aberratiton-correcting I'ens group is provided and in the case where no
aberration-correcting lens group is provided. If an aberration-correcting

|l ens group is provided, the Strehl value is 0.8 or . . .
"~ FIG. 17A illuétrates the spherical aberration occurring in this optical system.

FIG. 17B shows the astigmatism occurring in this optical system. FIG. 17C shows the
distorted aberration occurring in the optical system. FIG. 18A depicts the lateral
aberration occurring at an angle of field of 0.5°. FIG. 18B shows the Jateral aberration
on the optical axis of the optical system,

The wave-front aberration in this optical system is 0.003 rmsA. If the
transparent substrate has a thickness error of £20 pm, spherical aberration will be
generated. To correct this spherical aberration well, it suffices to move the aberration-
correcting lens group by a predetermined distance as is illustrated in FIG. 15. Ifthe
transparent substrate has a thickness error of about 210 pm, the wave-front aberration
generated by this error can be sufficiently suppressed, merely by moving the lenses of
the aberration-correcting lens group by Ad defined below.

Ad=-10.003 At

(Ad: the distance one lens of the aberration-correcting lens group is moved, At:



nore when the wavel ength changes by 5 m, and good results are obtained. In

no aberration-correcting lens group is provided, the ,Strehl value is |ess
than 0.8, nuch affected by the chromatic aberration. ThisD@pembes@Pedsel y

i nfluence the recording and reproduction of signals. That is, the
aberration-correcting |l ens group can,correct the chromatic aberration
occurring at another optical surface*%ince it conprises two | ens groups,
the first group consisting a positive | ens having an Abbe nunber of 55 or
nor e ahelthikkneserondftheurenspaing tsbhgfrate) a negative | ens having an Abbe
nunber of 35 or less. Thus, the aberration-correcting |ens group functions

as an el emgpt 0 ' sEoh e 2003 ¥in ¢the dmeknessaprorraitthen, t oo.
[ Enbodi maﬁﬂs 11}18—?88%’ Elgeeﬁﬂleggztag-g?gg t he sSt r uc?ure of the optical system

' ted in thi di . . ted el I
ot 1 R Aot agyS Barp ol Mg e BiEbR; IR AR Pt KT T

Entrance pupil q (0.85/1.765nm 13., \n) Wavel engt.h 635nm. Surf a I us of
cur vatsectiomafathei optéral slysteax varch 4n UHGSXE &r %@QTW?‘%‘P@ W%%ﬁﬁ?ﬂ

(nun) nunber vd at d line at 635nm OBJOO0OO STQ000.0 R -25.0 C 0.0 S }é 0.0
D: 0. OlhdideRR0dpHeridal £bkpri@fonAod 18rge:to néglect will remain as indicated by the soli __

line shown in FIG. 19. Consequently, data signals cannot be recorded or reproduced
in a desirable maﬁner.

In this embodiment, the light source uses a wavelength of 400 nm. Hence,
chromatic aberration may become a problem. FIG. 20 shows how the Strehl value
changes with the change in wavelength in the case where an aberration-correcting lens
group is provided and in the case where no aberration-correcting lens group 1s
provided. If an aberration-correcting lens group is provided, the Strehl value is 0.8 or
more when the wavelength changes by +5 mm, and good results are obtained. Inmno
aberration-correcting lens group is provided, the Strehi value is less than 0.8, much
affected by the chromatic aberration. This will adversely influence the recording and
reproduction of signals.

That is, the aberration-correcting lens group can correct the chromatic
aberration occurring at another optical surface since it comprises two lens groups, the
first group consisting a positive lens having an Abbe number of 55 or more and the
second group consisting of a negative lens having an Abbe number of 35 or less.

Thus, the aberration-correcting lens group functions as an element for correcting



B:0.0

R 19.0 C 0.0
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B: . 999092XI 0’

0''1.6415231.4955/81.61.494122 A: -
F: 0.0 17 Decenber
D: 0. 921202x10' 30. 249421 A: -
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chromatic aberration, too.

[Embodiment 3]

FIG. 21 illustrates the structure of the optical system incorporated in this

200

. 291281 x

44 R 89. 45684 C. -

. 0.749875x10 S5

. 207368x10-"'

F:0.0 R 17.055 C: 0.0 S2K: 0.0 D:0.01.523914 A:0,0 E-0.0 B:0.0 F:0.0
S3K:0.0 D:0.02.0 A°0.0 E0.0 B:0.0 F: 0.0 R
? E: B:0.0 F: R1.62730 C: -
3

E:0.0

' E 0.0 B:0.459860x10'2 F:0.0

embodiment. Table 5 presented below shows the values set in the optical system.

[Table 5]
Objective lens NA / Focal distance / Entrance pupil @ (0.85/1.76 5mmy3.00mm} Wavelength 2= 635nm
Surface Radius of curvature Axial inlerval Flexion rate Nd / Abbe Flexion rate N
{mm) {mm) numnber vd a1 d line al 635nm
- OBJ oo on

STO 00 0.0
R:-25.0 C:0.0

51 X:0.0 D:0.0 1.6 1.620/36.3 1.616405
A0.0 E:0.0
B:0.0 F:.0.0
R:17.055 C:0.0

52 K:0.0 0.0 1.523914
A0,0 E:0.0
B:0.0 F:0.0
R:19.0 C:00

83 0.0 D:0.0 2.0
A:0.0 E:0.0
B:0.0 F:0.0
R:-19.0 c:0.0

54 K:0.0 D:0.0 o
A0.0 E:
B:0.0 F:
R:1.62730 C:-.0.749875%107

S5 K:-0.505660 D:-.204775%x10°% 1.641523 1.4955/81.6 1.494122
A-207368x107° E:0.0
B:-.999092x10" F:0.0

185G d oK 0 0

. 332978x10' 2 S6K: 0.0



S7K: - 0. 503781 D: 0.01, 3147981. 58913161. 31. 587011 A: 0.193338x10'' E: 0.0

B: 0.120697x10' ' F: QA 8800. 0 S9CQ0. 149333 S100.11.51633164. 11. 515014
S11Ca0.0 11AG000.0 FIG 22A illustrates the spherical ab&f Pgesrebergf8dirri ng
in this optical system FIG 22B shows the astigmatismoccurring in this
optical system FIG 22C shows the (3 l,storted aberration occurring in the
optical system FIG 23A depicts the ﬁateral aberration occurring at an

angl e of . field of 0.5 K G—23B-shepws—t+he—t+ateral abcnatiurL o THe

opticdl axis|akestie optC:casys5t em | The wave-front aberration in thi$
opticgl systemphs 0.002niasa«0° | f the osavel enpth used changes from T00 nln
to 40Qnrn, spheri cal aberratlon wll be generpated by this error. To
corredt this épﬁézta]l Al &berration, {t suffices|to nove the
aberr gti on- comegestiy | &A% group byla predeterfined distancelas is
ilustirated 1n, ELG 24.c0bicldegenber {2003 45 As seen fromFIG 24, the
wave- fl[ront aberration caused by a c1anges\14|79r§ the way ng)glgjth upedds;
corredt ed mugHF4¥8 t hai®™ n the cas¢ theré br ovided no
aberrdti on- coramesipng | ens group. I{ is not co rected sufficjently,

howevgr, at @qr,gosw,;q\@vek@mgt hs. FIG}] 25 shows {he wave-front|aberratijon
obser eg—when—both—the—space

LD

S8 e 0.0
-89 . 0.149333
$10 o 0.1 1.51633/64.1 1.515014
811 o 0.0
IMG oo 0.0

FIG. 22A illustrates the spherical aberration occurring in this optical system.
FIG. 22B shows the astigmatism occurring in this optical system. FIG.22C shows the
distorted aberration occurring in the optical system. FIG. 23A depicts the lateral
aberration occurring at an angle of field of 0.5°. FIG. 23B shows the lateral aberration
on the optical axis of the optical system.

The wave-front aberration in this optical system is 0.002 rmsA. If the
wavelength used changes from 700 nm to 400nm, spherical aberration will be
generated by this error. To correct this spherical aberration, it suffices to move the
aberration-correcting lens group by a predetermined distance as is illustrated in FIG.

24.



between the | ens groups of the objective |lens and the space between the

| ens groups of aberration-correcting |l ens group are adjusted, thereby
correcting the wave-front aberration with high precisi oh Dagerghas 2683
understood fromFI G 25, the aberration is sufficiently suppressed even if
t he wavel ength changes to 400 rm FlI 26 shows how t he space between the

| ens groups of the aberration- correcting |ens group and the space between

the | ens groups of the_objective |len change,. An extysenel | e
structure whsisgeméraedix &4, the H‘iﬂvﬁsﬁ‘?magg@&@ﬁ%ﬁ@uset({ ﬁ%a %}Pél%rsgglgc@ebet ween
the |l ens groups of the aberration-correcting | ens group and the pace

bet weagatdlengtbngsal upsneitddenehj soire \thah eims theh gasge thabe igepravided no
desirable to apply the changes in the aberration shown in FIG 26, thereby

adj usgkg?%rc?gggng&?ggwé)gé{g%?gg]%h ﬁ]isei{b% QrPetisd @hffidlentp) Insiéves, hestsort-

bef or e space between the |ens groups of the

aberration-correcting._|l ens oup, there corregt] Qi

aber r VRGHENgHRSE %@Gpaé@ﬁws %%Vﬁé:‘?qt %{Tﬁ%toﬂé’%é%ﬁggk’ﬂg? mllse(gﬁqlt]ﬁgﬁ?%ens
groups of the objective |ens and the space betvveer&gt he Iﬁn rougs of the
aber r dsétoren ahe deds grgubsiod theobjestise densiand theuspage eEWESD 16?115 s groups

hi gh- preci sion correction of aberration. Such high- precision correction

can b inek¥r@BRhf ehat gret dtjusted g thedrebye conecting yhe eaverfrost ember
2003 j%ﬁﬁl‘éﬁg%ﬂédeﬁ in the %/avel gﬁ%& used, but also the manufacturing error of

e LR i iy, o8 L4 o BRGPSACERD. 5, b heaton i

aberrfa"il : . I'ens gr oup one. ear fromthe above

ar ge. mufieRnshl Samesdesn 1t SaTOBEr s foiPlng Tens group can

sutfierent %I(g.o Eréegliox:sp?lgu (tzl?; sge?c%r {)gtt\ifger;f tlilé Igllglsy gréuelfsu!)% itﬂg a Ea?rrgﬁto?lg
correcting lens group and the space between the lens groups of the objective lens
change. An extremely complex structure would be required to adjust, at the sgme
time, the space between the lens groups of the aberration-correcting lens group and the
space between the lens groups of the objective lens change. Hence, it is desirable to
apply the changes in the aberration shown in FIG. 26, thereby adjusting the space
between the lens groups of the objective lens beforehand, and then té adjust the space
between the lens groups of the aberration-correcting lens group, thereby correcting the
remaining aberration.

In the present embodiment, both the space between the lens groups of the

objective lens and the space between the lens groups of the aberration-correcting lens

group are adjusted, accomplishing high-precision correction of aberration. Such high-

precision correction can be effectively applied also to the case where not only the



manuf acturing errors or the Re, and al so chromatic aberration, if any,
resulting from the use of a light source of a short wavel ength. The
present invention can provide a recording/reproducing appiiesemnserff8 has
such an optical bead. Thus, the present invention can serve to enhance the
recording density and storage capacity of an optical recording nedium 17
Decenber 2003 47, CLAIMS 1. An opti Al head conprising: a light source
which is a sem conductor |aser having- an eni ssion \é?fv I?ngth of ‘ﬁt nost
440 aghamge e stavetergth ssedyips sl e manufegkringrer & leigs RRJItAG a
nunerical aperture of at |east 0.80; an. aberrations-correcting |ens group

arran : | A . _ L eidid 6@ fuh d of
ﬁglgg%%‘%gew%edgggbﬁicgg:{%%ﬁtm coRE V\%} s[gecmig econposed of a

positiv oup an ive lens group; ereint

aberration-gcorrecting |lens ou [ rJ r a4 ring at
each optic4rs & "é’éeﬂ i ﬂ?‘f’ gbf’}/‘géﬁaggvgﬁéﬁﬂ ﬁ{;gﬁ aéﬁs:[gdgcl:g]%ggt @m%gﬁﬂts ﬁ%cg%si tigve
| ens group and negative |ens group which cg séi tute the .

aber r abjentivedensbaving 4 knge nymemeal apIFESGEd- S rAlPeRAlAR- O eHIGHISNS 2 The

optical head according to claimt, further conprising an actuator for
changigngyp Nears Q@Q’ﬁci&ﬁﬂge%h'éﬂe sphetitdlvebéremsorgr fupnyndesultigt frem 1thas group

whi ch“constitute the aberration-correcting |leas group, in an axial
manufacturing errors or the like, and also chromatic aberration, if any, resulting from
the use of a light source of a short wavelength. The present invention can provide a

recording/reproducing apparatus that has such an optical head.

Thus, the present invention can serve to enhance the recording density and

storage capacity of an optical recording medium.



direction. 3. The optical head according to claim1l1, wherein the objective.
| ens is conposed of two groups each consisting of at | east two | enses. 4.
The optical head according to claim3, -further conprisi hgDageraar2808r for
changi ng the space between the positive |l ens group and negative |ens group
whi ch constitute the aberration-correcting |l ens group, in an axi al
direction. 17 Decenber 2003 48 5. The optical head according to claim1,
wherein the light source is a semnm copductor |aser having an eni ssion

wavel ength of at nost 440 nm the objection lens is nmade of vitreous

mat eri al ‘havi ng an Abbe nunber of ﬁgbugg t 95.0 at d Iine and has a foca

. distance of at least 1.4 nm and t rration-correcting lens group is
conposed of a positive | ens having an Abbe nunber of at |east 55 and an
Abbe nunber of at Ap hu§§lugd The opti cal ifikgording to claims5,

further conpr|5|ng an actuator for changing the space bet ween the positive
| ens group and ne ative leas group which ¢ nstl %

.aberration- coﬁr@gh nyPWeer & %bﬂguﬁ 3 Fegpeiugfor Féc GRS 30 SRS i ca
head according 'to claim5, wherein a space between the | ens group which
const i t utveaddienoohjo€at invet 44ham; s changed in an axial direction to correct
t he spherical aberration occurring at each optical surface of the optical

system in coQpeiAdiRd Whi Rokd}®sBR Y AL (GRN fRSSS At hehg Y ARerical
aperture ofat least 0.80;

an aberration-correcting lens group arranged between the light source and the
objective lens and composed of a positive lens group and a negative lens group;

wherein the aberration-correcting lens group cérrccis spherical aberration
occuming at each dptic;:ll sucface of an optical systetn, as a space between the positive

lens group and megative lens group which constitute the aberration-comrecting lens

group is changed in an axial direction.

2. The optical head according to claim I, fucther

comprising an actuator for changing the space between the positive lens group and
negative lens group which constitute the aberration-correcting leas group, in an axial

direction.
3. The optical head according to claim 1, wherein

the objective lens is composed of two groups each consisting of at least two lenses.

4. The optical head according to claim 3, -further
cotmprising an actuator for changing the space betweea the positive lens group and
negative leas group which constitute the aberration-correcting lens group, in an axial

direction.



8. The optical head according to claim?7, further conprising as actuator
for clanging, in the axial direction, the space between i?ﬁ ﬁ;)ositive | ens
group and negative |lens group which constitute the aberr B f@ﬁ??@@%ing

| ens group and the space between the | ens groups which constitute the
objective lens. 9_ A recording/reproduci ng apparatus conprising: a light
source, ;. an objective |l ens conposed of at |east two | enses and having a
nunmerical 17 Decenmber 2003 49 apertuyge of at |east 0.80; an
aberration-correcting |l ens group arranged between the |light source and the

obj ective lens d (fqﬂ;gpﬁg&h fcrdReSbhtd1yen liendegginup and a negative |ens
group; an dct uat'or Hor ¢ angi ng a Space between the positive |lens group and

negative |ens group whjch constituge .the aberr.alion-.cor - | €ns group,
in an thxilight shurees &)?ﬁmlcaﬁét‘(é%i?é% %‘H%Pnfeé?‘s%@{‘e“gaplieﬁeg‘ggﬁﬁ éﬂ‘?“’%eam

emtted fromthe |ight source, focused by the objective |ens on aﬁ opti cal
r ecor dj fipn e HicsBjadtib khb écmade by vithepusphiniesinl h@d@géﬂr@b%ﬂ?@g‘?r erein the
aberration-correcting | ens group corrects spherical aberration occurring

at each opt Q%S!%%Eiﬂpﬁiﬁ Ald 05 9PIHEA! dSKRCEIIL 36 LensoPiad ambictambie he

posi t | femop negative ns group which constitute the
aberration-correcting lens group is changed in.an i direciipgp. 10. The
r ecor dibugtatiopradesting lapp aFAtRu S %%‘BBP%ﬁdﬁBPFoPQ,SITté ieg?,é %Ve"?%iaﬁ A’P ﬁe :

obj ective lens is conposed of two groups each consisting
number of at least 55 and an Abbe number of at most 35.
6. The dptical head according to claim 5, fucther
omﬁprisiug an actuator for changing the space betweea the positive lens group and

negative leas group which constitute the aberration-correcting fens group, 1a.an axial

direction.

7. The optical head ‘acc'ord.iﬁg' to claim 5, wherein

a space between the lens group which constitute the objective lens is changed w an

axial direction fo correct the splhierical aberration occurting at cach optical surface of the

. optical systewm, in cooperafion with the aberration-correcting kens group. |
8.  The optical head according to claim 7, - fucther
cowprising an actuator for chaaging, w the axial direction, the space between the
pasitive leas group and negative leas group which constitute the abecration-correcting
lens group aad the space between the leas groups which constitute the objective leas.
9. A recording/reproducing appatatus compisiog:
a light source; .

an objective lens composed of at {east two leases and laving a aumerical



of at least two lenses. it. The recordi ng/reproduci ng apparatus according .
to claim9, wherein the light source is a sem conductor |aser having an
eni ssi on wavel ength of at nost 440 inn, the objective IeﬁEDPEefﬂ%ﬂﬂ@ogg
vitreous material having an Abbe nunber of at nost 95.0 at d |ine and has
a focal distance of at least 1.4 ruin, and the aberration-correcting |eas
group i s conposed of a positive |ens having an Abbe nunber of at |east 17
.Decenber 2003 50 55 and a negative Agens havi ng an Abbe nunber of at nost
35. 12. The recording/reproduci ng apparatus according to claim 11, wherein
a space betweep the Ioe . groups which constitute the objective lens is
change PR ﬂga%l)?ﬁ%fl g@r ection to correct the spherical aberration

occurring at each optical surface of the optjcal syst in co ation
with the abetralelGHOBHOTESHPELNSERUR ﬁ'a’a‘bgepcéhﬁ“ieﬁ&)@% ﬁgfé't Soor‘”%%g‘ﬁfg@ ¥ in the
axial direction, not only the space between the positive |ens group and
"negat i vebjbeie lgnoapd whinphsebofa pesitive lans gapep pad rAeEaBYe kEsighgPens gr oup,
but al so the space between the | ens groups which constitute the objective

lens.  ABSTRAGEmMiofRid dbdhgingacpacsrbetvsienghaposniiyve birisvgrolipasd hagiatave a | ar ge
nunerical aperture of 0.8 or nore. The head further conprises a |ight

sour ce lﬁﬂgg@{i}g Qﬁg&l{ ﬁtﬁﬂs@i@dt‘&%é SGdridMdn-d RASRARASR: orbp Gafaheslalsiiftetioagl

aberration e manufacturing errors of an optical recordi ng nmedi um
and Ienasileds, to sufficiently correct chromatic aberration due

a photosensor for detecting a light beany emitted from the light source, focused
by the objective lens on an optical recording medium and reflected by the optical

recording medium,

wherein the aberration-comrecting lens group oorregts spherical aberration
occurring at each optical surface of an optical systein, as.a space between the positive
lené group and negative lens group W[ﬁCil constitute the aberratidn-correcting lens

group is changed in an axial direction.
10.  The recording/reproducing apparatus according to claim 9, wherein
the objective lens is composed of two groups each consisting

of at least two lenses.

- 11.  The recording/reproducing apparatus according to claim 9, whcr;:in

the light source is a semiconductor laser having an emission

wavelength of at most 440 nm, the objective lens is made of vitreous material having
an Abbe number of at most 95.0 at d line and has a focal distance of at least 1.4 mm, and
the aberration-correcting [eas group is composed of a positive lens having an Abbe

number of at least



to the use of a short-wavel ength sem conductor |aser and to correct
aberration resulting fromthe use of the sane optical systemfor |ight
beans of different wavel engths, the objective |ens 20 i 37 BeapoberR0dB two
nore | enses and has a nunerical aperture of 0.80 or nore and the
aberration-correcting lens group 1 is conposed of a positive lens group 3
and a negative lens group 2. The space between the positive |lens group 3
and negative lens group 2 of the abe(fation-correcting | éns .group 1 is
changed, thereby to correct spherical” aberration occurring at each optical

surfacesolnd Q%e&ggi\ifccﬁllxs EX%E% Abbe number of at most 35.

2.  The recording/reproducing apparatus according to claim 11, wherein
a space between the lens groups which constitute the

objective lens is changed in the axial direction to correct the spherical aberration

occurring at each optical surface of the optical systein, in cooperation with the
dberration-correcting lens group, and the actuator changes, in the axial direction, not

only the space between the positive lens group and negative lens group which constitute

the aberration-correcting lens group, but also the space between the lens groups which

constitute the objective lens.





