| . DESCRIPTION Optical Head and Recordi ng/ Reproduci ng Apparat us

Technical Field The present invention relates to an optical head for
recording signals on, and reproduce signals from an optical recording
medi um such as an optical disk. The invention also.rela to a

recordi ng/ reproduci ng apparatus havipg an optical head oi, mmml m'
Background Art Hitherto, various types of optical record “J wﬂ/e been
proposed as recording nedia fg)r ra{gyz as video data, audswssdata or
conput er prograns. Anong thes E‘nf r(é a playback optical disk, a

10

phase-change optical disk, a nagneto-optical disk, an opt| t he
| i ke.Opticalddend apd Rexording/Reprodusing Apperahg demanded tmmm"mﬂﬂmm’mfm ng
density and storage capacity of these optical recording nedia QS’O 'zpcreased.

I n orflehiGlimelgase the recording density of such optical recording nedia,
sone neasure should be taken in an optical head designed to wite and read

data sign on and fraomsu t] § redli i ' fective
Eﬁ | ncreias ?ﬁéesﬁﬂﬁtré'i‘f s Yeléﬁ}o: 5%&"?3?23%( kﬁ;!%#ﬁ%ﬁeﬁgg%ﬁﬁ% Féé]ltg dor§r’ a@ﬁorten
e wavel ength o e light source, _therehy to decrease th i,aneter of
t he beprodymst sigoalsslions amépbsﬁler@ppv@ngéﬁﬁgl%%ﬁv a@&&n%ﬁ%ﬂ ”ﬁ'fheThe
nunerical aperture of the objective lens is 0.45 and the
invention also relates to a recording/reproducing apparatus having an optical head of

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 inéréasing 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.,



wavel ength of the light source is 780 nmfor CDs Y Conpact D sks)
(trademark), i.e., 2 digital optical disk which were put to practical use
in the relatively early stage of optical recording. For DVDs (tradenarKk)
i.e., digital optical disks on which data is recorded at higher density on
CDs, the numerical aperture of the objective lens is 0.6 and the

wavel ength of the |ight source is 650 run. As nentioned above, it is

t
desired . that fhe recordi,ng density and.storag |t i cal
r ecor@ighi! rﬁi’éﬁcéféés i W@l"élbg@&? Wﬁégé?la?té?aliqseéi ‘E‘ @%gfeﬁgtweely%arwg%gggg t he
nunerical aperture of the objective lens to. a val,‘gaj q%reater t%ﬁgl 0.6 and to
shor t gptitdlaecomling.c fgr tD‘dDStgh@dleiW‘tk)S@urdﬂglt@)oohtl idigky @3 whiph dagss un.

However, various problens will arise if the nunerical aperture of the

obj ectd ioher HeR§iRAsE CROdhe hemerical epettreast thhebjéghite lensize.6i s
shortclteéé%?%e(% ﬁgﬁlggtircal ]%gad descri bed abovg. These problens are spherical

aberration and chragmati,c N bei ng optical problens.

Spher #& %Wé?’?%i“gﬁhoﬁ'mp @gﬁ{f{oqﬁ%%?knﬁ/@ Ué to a nanufacturing error in the
t hi ckness of the lens or in.the, thickness of .the, transpgrent substrate of
the opti calASln@dmfcﬁd‘@Q?@dltéﬁﬁieslfﬁglﬂP%t gg@%@g@%@yaﬁﬁgﬁqraggc?éﬁﬁ%s
conposed of a plurality of I|enses, the spherical aberration may occur due
to anofffesebpiicd recoiding mediebgnuseasadoAherefore ahisatesirablertorinergasethcor in
t he thickness of the transparent substrate of the optical recording

medi ug ﬁe?fca?éﬁéﬂ?ﬁ:%’oﬁﬂhﬁ_%ﬂgé&?vﬂicﬁ?@é hQaRle gRARTithah Oabend a6 shortem égul ti ng

fromt error1n the thickness of the transparent substrate of a disk of
"CD' stapdards .or | sk _of ."DVDj .l ' roportional to the fourth
power W€ eﬁ@thﬁéﬁé"r ﬁgﬁ# S%}HgFtt%rae 8%fe%gggélﬂ§5gg?lg’ctive | ens as seen from
the equation [1 I ven . . . .

q HovE/e\]ICr,gvarious 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 in 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




3  below. Therefore, the influence of the thickness error becones prom nent
as the nunerical aperture of the objective |lens increases. WI0O = (t/8) x
(n2 -1) /n2 x NM [1] In the case of disks of the "CD' standards or a disk
of . the "DVD' standards, the manufacturing tolerances are of such val ues as
to sufficiently reduce the spherical yaberration resulting fromthe error,
in the thickness of the transparent substrate. In the manufacture of these

of *t nbelinepamatires dhe telvench Ohrhe TskaERs by efplel trakilppias the cXness

therefore, not necessary, in particular, to correct the spheri cal

aber r avineridah apheuspof did olsypgtleml@is increesept i cal head. If the nunerical
aperture of the objective lens is further increased, however, the
tolerance for the thickness error of the transparent substrate will becone
extrenely small The thi ckness tol erance At for the substrate of, for

exanpl e, t an @0. 03 mMm To nai ntajpn the sane tol erance
as this, th 40f oI\P&m ?@ g’:}é expressed by the fi”lowi ng equation [ 2]
nmust be satisfied, as seen fromthe equation [1]: dt s 0.00388 / NA4 [2] 4
Fromthis relation the thickness tolerance for the substrate of the disk
may be obtained. The tolerance At is 0.016 iron if the nunerical aperture
NA of the dhjtlestasesf diskisofithe ICD” Sandassiorardisk of the “MViBr istanidangdsthar e NA
of the objective lens is 0.8, and 0.0074 iron if the numerical aperture NA
of thenARifBEkiniE 1A8%nkes Qrdaf such values as to sufficiently reduce the spherical

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]



It is difficult, however, to raise the precision of the thickness of the
di sk substrate, because the error in the thickness of the substrate

thi ckness depends on the nethod of form ng the disk substrate. For the
existing disk substrate it is difficult to reliably reduce the thickness
error to 10 gin or less. |If the diskysubstrate is produced in large
quantltleg, E.he yi_?_ld wll be Iow Hence, the substrate may not be fit for
mass- production, e.error.in the thickness of t I ' in
optical syBrosmtlys re ionyihe; t@éq%@éﬁaol%qqceg‘ér gb%%‘f%&%%&.@i? air%’oﬁlﬁhggﬁteengeghe
it is difficult toreliably attain such a small thickness error as 10 gm
or | eglstaintlde T tokeranse At isar0.016 e if the semercahhpestare Nawhihe ehiectye he

t hi ckness error of the transparent substrate, if it is regarded as the

error,in.t tA . I ' 4 ha

ar gﬁlenamrﬁﬁp %@&%«;ﬁﬁﬁ@sh% phEficARRARENA LRTHOBpRETIY RorlsdBS M 10° P
i ckness error of the transparent_ substrate, .cayse |j bl heri

aber r 2000 4whircif the mudnergead apertyire N pf ¢l ebiestive g@i%&igé-e;?gn; Zp %1' cal

objective |l ens having a |large nunerical aperture of 0.8 or nore needs to be

composed ofy 8 Ml hbwlver o1 dtiscEherpictisitie dfpdeetidclas of theydisket i

resin or ch are interposed between the | enses, are process wth
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optical recording medium The gap error therefore adversely influences the
si gnatdliably reduce the thickness error to 10 pm or less. If 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 itis difficult to reliably attain such
a small thickness error as 10 pm or less. The thickness error of the lenses 1s 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
nuinerical 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 reproduced 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



I n consideration of the spherical aberration occurring in the optical
recording nediumand 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 nmedium to 10 mor less in the case where use
is nmade of an optical systemthat cogprises an objective |ens having a
nuneri cal aperture of 0.8 or nore and conposed of a plurality of |enses.

| f a sem conductor |aser that .exhibit short 1.SSI s used,
the tm Giftionitdp dpsressecue camsrinApe gapuratreapeeel Toich Ry pFUERE 00N
not only spherical aberration, but also chromatic aberration he corrected.
Di scl quse DicH Aeetroy antlieqrp Betwper aeptwondganens kentsas ob enObiggHVE Hens

consideration of the foregoing. Thee 4 ~ F Suv_-60- object of this

compazed tahse SRl sBErAfloRIAE Rl Al btRtt of N e Vv e or

enses aving a nunerical aperture of 0.8 or

nore, in which the spher,ical erration resuldi tur i ng
er r ortheodptical wsoréne mediynqdi AGengaR G ef#@‘?%ﬁ&é%@%?ﬁﬂpﬁgé%sﬁﬁon&ti c
aberration resulting froma sem conductor |aser, if used as the |ight

sourcg‘gﬁﬁlst he optical head, is sufficiently 6 decreased. Further, the
inventron ains to reduce the spherical aberration that occurs when the

same opticgl c?ﬂﬁ?@{ﬂﬁfcﬁ HE61 dpeticahabdeation besunninginf therapticahaeeirding hs.
ct o

Anot her obje Is invention is to provide a recording/reproducing

Db oSSR URSGPUER, BRaBPI G2V Bpiercrs heduabane perisl (e
EﬁpSP Qggﬁﬁﬂ?@igﬁ'gﬂggﬁﬁfggﬁ eig,g g;‘r%?to?gwag%separél%t LibsEstd SPRlmildidhcul t to
to 10 pm or less in the case where use is made of an optical system that comprises an
ébj ective 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 tl}{a &)\fféwdu«lgé ;l;l&e'}c L 7
object of this invention is to provide an optical head comprising @n 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
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of the optical conponents so nuch as to reduce the spherical aberration to
a negligible degree in an optical systemthat conprises an objective |ens
conposed of a plurality of |enses and having a nunerical aperture (NA) 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 aberration in the optical system can be

given as the sumof the aberrations ogcuriing.at i es.
Thus detteasephEnrthar, tilﬁélrw%ntil%a%%_ 1§ etl:’? sﬁb?ﬂ%&‘%&ﬁ&%‘é’?ﬁbf’%&%‘?‘?or of
the optical conmponents can be corrected by arrangigi%fegg&tai cal, cogponents

t hat vagsShesnes bpetaladyateratis osedfo light bpios heyirg waRelengilis. i e
optical path extending fromthe |ight source to the optical recording

redium The, Rkt gigi'ec%%?é%%nﬁbﬁimtﬁréﬁidefm%doﬁﬁngﬁrdplr@mmga’lipﬁfatwent i on

has a grou erration-correcting | enses. These | enses generate
spherical  ,aberration of e _sign i 0; iclPthd AR os@inerdeimt
abermmm‘@lgsﬁégﬁ@@@ﬁicqﬁﬁ@aaﬁgi%eégﬁg’g‘:ifa l’?@gé’ lll{n%%celp Bptical gystently when
data signals are witten on, or read frog\ t he chpti al rgcoadi&gasg@di um
The abiel stetdgervapacity of iangoptead secard g MedgimGan QeHIqycEh §od IPCFascG
positive 7 lens group a negative |lens group which are spaced from each

other. It Asimiédtedia®bieiitis dltearelyadiffigilotpmppress the pramifseLingsETas ve and
negative in terns of power. Each |lens group may consist of a single |lens

o 2 Bkt Blnl SHSES so AGcIPREIRULEEIROIREIchNbdreimsio shégligiblms ot

of t oups, "are arranged between the |ight source and the

bj ect i , . Th t 1 the | ' ] i]pt i cal
) & dagrenin opiantiAl SyEBHNA RaTsoRe Al N PR ComPTNEb L PRRRIRR ' S

opposite in polarity to the spherical aherration generated. i tire
i of lenses a?nd haviné a numerical%perture (NA% off 0.§ or mote. Tt i3 desired tﬁar%%oﬁﬂe

measures be taken to cancel th.e 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 components 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 cancelled at the wave front of the light beamemtted from
the light source, transmtted through the objective |lens and focused. As a
whol e, the optical systemis a systemin which the spherical aberration is
corrected well. Assune that the transparent substrate of the optical

recor.di ng nedi um has t hi . ) ] ! den@tfi on [ 3]
or i JEBS BrOih £ HEERATR s i N e S e L e,
positive spherical aberratio&wil.l, occyr if .the transparent E’ ke of
the thpse leals groups araigspediveny Rasitiye I‘ﬂ&iki CEAHYE K EESd 12)9",“’%?1% ‘ﬂegegti ve
spherical aberration wll occur if the transparent substrate of the

opt i GabuheRSY ConsistBfhawingls ey o a plurdlitcahlosises.ne spherical aberration, it
suffiTes to adjust the space between the groups of aberration-correcting

| enses and@g?ﬁ%@éﬁoﬁ?&ﬁ{éd&ﬁ]@ﬁ@ﬁ GhicRRInkAtioMhéde tWielerlsl @oaps et

substrate or positrve sphérical aberration if the transparent

substrate is thin. The spherical erration j 1 he
spaceamsengasdhetiyeen the MIEE?WP@&#%BE LPIFYVE rlgg{lj ?ic;@% gﬁja%ég egétéhg%ﬂas nged
between the |ight source and the objectjve |lens, has neq_at.i.ve gol_.ari ty if
the speupsheteend imehe epticak aupofithe ppticahsysdeme thyogenaToEng sp fHERl i f the
space is increased. This holds true unless the Iight beamat the position

wher e, ieatddiPiatid ﬁ;}sdéﬁe 'iﬂﬁbleﬁ'ily ke tise herieal aberaravgaedaied in thoentaregi ng

or diverging one that can hardly be used in the optical systemof an
opt! Cgrl)tigﬁasgfstem, with respect to the wave front of the light beam passing through the

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 ofthe
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



That is, when the space between the |ens groups is decreased, the |ight
beam emtted diverges nore than before, making the spherical aberration
smaller than in the case the transparent substrate of the optical
recording mediumis thick. When the space between the lens groups is
increased, the |ight beamenitted copiverges nore than before, rendering
the spherical aberration snmaller than in the case where the transparent

substrate of the optical recordi di um 1,51, L i d%uek of
spherdangel t]‘@b“dﬂ}@&tqai) ﬁ‘g?’éﬁﬁi}%’s’t aHﬁfﬂ%ﬁ"SBc?%é‘&ééﬁhugg b? %%Eg{égﬁﬂl t\?]rg %’ﬂ e Hg é) roup and
the negative lens group are exchanged in position., Hence, it dogs,not
mat t eghephitidh-temsctingulenises and %ﬁg@dﬂtbeﬂ%@l‘{%é}’%@ﬁ@wl%@? alogy bF thte
actual optical system has manufacturing errors ot her than the thickness

err Ortr%rflﬁptal?gntt gﬁ?ftﬁé’ﬂée ! (5eRSé ?b%tﬂ% §leerivpd | alsrratimoiifiithg transiparentThe
space between e aberration-correcting lens groups is therefore
adjusted to attain the best possible conditions, while the RF anplitude of
t he sS‘ﬁﬁ&at? Wduced is being nmonitored. In an optical head of this type,

the larger the nunerical aperture of the obj.ective, |ens h r the
spheri cal Zher sphérival gabryratien gﬂﬂefﬁéénléhuﬁ BElERg ifee SPHe g\c?wgél?a%{% ective

| ens or the manufacturing error of the optical recording medium Wth the
pres e%eﬁﬁY&%b%ctih?Woupﬂmlﬁph eré maingaskheteenthe ightrouregnrdthe
sufficrently even if the manufacturing error is promnent or even if the

ref r active, LKL e Bbe RO Uity LAREBRCObefiRhblonsgranbs indeatasath s

vary 9 environnen changes. This is because the groups of

aberration-correcting ] enses ar.e arranged. t | HallicYeageagnd the
obj ecer D@Slﬂé’ﬁqu‘iﬂl t ?éB%‘?ﬁ]Silﬁggﬁﬁ%gn?ﬂ@ﬁlﬁg?ﬂnlgaﬁgeééogﬁal usting the
space between the groups of aberration- . . .

P the position wherg the gberration—correctmg 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



correcting |l enses, thereby nmay be used an actuator of so-called voice-coi
type, a piezoelectric actuator or the like. A recording/reproducing
apparatus according tothe present invention conprises such an optical head
as. described above. It is designed to record data signals on an optical
recordi ng nedium and to reproduce daja signals therefrom As a special
solution, the aberration- correcting |ens group may function not only as

means,  for correcting. s rical aber ' ; [ ssilslgses, in
ho. GbeREaITAURBHPAESORACAS B BvEn <L F/RE FstieER, AR the e s of
conponents can be decreased, thereby. to reduce t&e f)i.rre and. I%ﬁpr required
for remdiaonsrinde theREpmphtudernighesignal sepioduced §s D158 PRI,

manuf acturi ng cost of the optical head. As another 10 special_solution,

the aber ratj G Gecdl Behd BEtlie By tieefargenthb auarermabaperhsewnddhe abjesHivei mat or

| ens and an objective lens. If this is the case, a beamsplitter, an

ananye Bl fre RELETIRL JhIEidd) bBefitfloR peRBRitd bilthé imfadadap efovefthet he

aberr s group, e path of the |ight beamemtted

from the collimtor |ens This is begause.the |igh m et f.romt he
col | | ohjeotive dens orsthg manufacRITngeRror Q‘ﬁﬁ}ﬂ)%ptil%ﬁ iTS%QI%B‘Eﬁ B‘%@Eﬂl lﬁ'g eﬁlgthg r oup
and an ananorphic prismmay be used together in the optical.head according
to thigséntianention, hdwever, the sphedisel aberration cambe Téfgé‘rqda? ALY RED ng

| ens group be arranged between the ananorphic prism and the objective

| ens itk InaduRBRAHA errbt id PoRRRTRIdtbvenpifitheé Sactiveaingiéck et aksalutene

obj ective e aberration-correcting |l ens group, the incident angle

of the light,. beamto the an i ry 1 ] o i )| Fhigausi n
asti olraelEnt 15 Brare SR AL e diEth dhe nEndiatnal KhESD Yhip > "

desirable to | ocate the_aberration- ) .
is because the groups of aberrat?on—correctmg lenses are arranged between the light

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.

A recording/reproducing apparatus accordingto the present invention 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 functionnotonly
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



correcting lens group at the output side of the ananorphic prism The
optical systemof the optical head according to the present invention nay.
conprise a plurality of |enses and an objective |lens having a |arge .
nunerical aperture of 0.80 or nore. If this is the case, the optical
systemis structured, effectively tqp correct the spherical aberration
caused by that objective lens. This is because, the |arger the nunerical

aperture. and. the shorter the wavel t r R qal
ggre; :)Sglepd SfollIUtt“Pilé I?lt?l&e&Ia'%?}l%'Pgﬂlecﬁﬁg lgpgﬁgue}%gﬁ@é\ﬁ%nﬁ?ﬁ@ Pge Ieﬂncsdia
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optical system of the optical head according to the invention, t he | i ght
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Lﬂgefircal tthe O]I:)j Sctlve | ens may conprise two | ens group, |I-lave a
.apgerture. of. . hisit
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.0 or less. In this particular ase, it s desirable th I
gr oupThisda bgcausethepigdpesm ?%W@%‘%ﬁ ,th‘?)ﬁ%h‘b’é?tﬁﬁ leng B&R qrab‘éﬁ?%]nlsl' te RZt has
an Abbe Dunber of 55 or nore and the other being a negative |ens that has

an Abbe nuphesbertadbn-eorieesing lens gheupand ashanamarRiHe MIiSHA VR, OFHS
utilized, chromatic aberration nay becone a problem Nonethel ess,
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objective lens and the aberration-correcting lens group, the incident angle of the light
beam to the anainorphic 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 lens 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
larger 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 bead according to the invention has a considerably small nuneri cal
aperture. The spherical aberration generated by noving the | ens group in
the optical axis is, therefore, mainly of third order. By contrast, the
spherical aberration caused by the {4hickness-manufacturing errors of the
obj ective | ens and transparent substrate includes - high-order aberration,

i nevi tably because.the ob ive |le & e
ConsequentVAPre@ye, Hba ng%%{lﬁ]ﬁh&ﬁlec%shgé%g%&gan ott%atlclzlgrrlglpgﬂtitgl y cancel
12 the spherical aberratr on that has rg@ulted from.t he 440
t hi ckhedightsoufcaanay beg smisesduetor | #rET HIFVELE 1y BTN JAY et%‘&ﬁ’gr ent
substrate Thus, the spherical aberration nust be further corrected if the

aberr, [e§© ah@CthieEhibEtive rURag woneptise fwio llens groopphave awulaaﬁé@lr t he
spherr ca aberratr on resul ting from the thickness-manufacturing errors of
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aberr beams of different wavel engt hs nmay
be applied, in vvhr ch case i

resurvlmgufsnmmenlabwdioscdrlé‘%rclteas M E}S‘ﬁ{% £hO %ﬁ@ﬁcel]ﬁ% %P ie‘famrr‘i%r Thi s

aberration can be canceled by virtue of the spherr caI berrat| 0

cor r egdsenit ig HEsigdblehhat cohrlent grmpcdroudd be wgmpased gf ﬁ%%ﬁs 0%%@%& t he
aberration resulting fromthe wavel ength difference rray not be cancel ed

compl 2L8LiiRIEAY fat Has CALBE fufibéh of Sdeir bey il ilenothee peing agegplove t he

type erration-correcting lens group used. In the case where the

obj ec In\étethl e’gs COM%@HE?%%%sg% gLQups, each consisting of tw or nore

| ense ens groups may be changed to generate
spheri cal aber ration, in the sane nci pl e {0
aﬁer r at i onlmghe @@Isq: n’ghqlrérps short-wavep {)IeamI i utllzilzeda,l pclf)roﬁt%tlc abdfation may

become a problem. Nonetheless, spherical aberration and chromatic aberration can
be corrected altogether if the aberration-correcting lens constituting 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 aberrati
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il Iustratl ng the distorted aberration occurring in the optical Jovs

shown dotel! em
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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 system shown in
FIG 1, FIG 6 is a side view of the optical systemof an optical head
according to the present invention (used a nunerical aperture of 0.8 or
mre); FIG 7Ais a graph illustrating the spherical aberration occurring
in the optical systemshown in FIG,6; 14 FIG 7Bis a graph illustrating
the astigmati smoccurring in the optical system shown in FIG 6; FIG 7C

is agraph illustrating the distoyted .ab t : i
Gyt em ohdil. I BdegiowIHovEAL B SPCALM S U Bda R Beel b GuinE
aberration occurring at an angle of field of 0.5 in the optical system

showio itRe préaentinVdifio}B i s a graph showi ng the lateral ab [
; erration on th
optical axis of the optical systemshown in FIG 6; FIG 9 is a graph ©

illustrat mtf& &8 ﬁ%@pmﬁﬁﬁ u hﬁeQbﬁéﬁ@ﬂ%Uehﬁtl@hﬁ)’dcahmglm the opacalng | ens

group is nsate he" t hi ckness error of the tr

substrate has vmt e, wave-front aberration in the optical tsyg'[]:%a;ﬁg\tm in
FI G systemp 10!@#“5 stsde vi ew showi ng the structure of an optical head
according to the present invention;, FIG 11 is a black, dia showi ng a
recor di ng/ FEprdBs angapipplusitating the coHEMaisnboegirEngindhe PBE? Qf’ YL i's a
si de vi ew show ng the structure of an optical system (of Enbodiment 1)

whi C}Eh%%lh’{‘m@p?frat' on-correcting | ens groups, each conposed of ’

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 lateral 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 illustrating the spherical aberration
occurring in the optical system (of Enbodinment 1); FIG 13B is a graph
illustrating the astignmati smoccurring in the optical system 15 (of
Enbodiment 1); FIG 13Cis a graph illustrating the distorted aberration
occurring in the optical system (ofj4Enbodinent 1); FIG 14A is a graph
represents the |ateral aberration occurring at an angle of field of 0.5 in

the optical system (of Enbodi nent, 1) . - 14B .5 i e
| ateral abd -aﬁ?’ &ha %ﬁal?lhghbgg‘taitl@gl tllSQFgg%‘?nF%]e&%gpﬁggfl Q@%S?Q?nm(%%tém
Enbodiment 1);  FIG 15 is a graph illustrating the relation that the

di st afhosvit heFEBeby ati on- correcting lens group is noves to conpensate for
the thickness error of the transparent substrate has with the wave-front

aberrati ongj Gt syl thefdifiotrediabrenatibh; odeuiGing & the apcale vi ew
of an opt ?lf:fac?' is%? g%&%lgf Enbod?irger:t 2), which has an aberration-correcting

| ens groups, conpo of. two lenses, with an air gap between the | enses;
FIG Wﬁlpéllg‘v&‘ggﬁﬂi"‘lé’usp rating the spherical aberration occurring in the
opcal | syt (of ol 8. 18 iR b A bR e
a graph illustrating the distorted aberration occurring in the optical

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

FIG. 8B is a 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 system (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 optical system (of
Enbodi ment 2); 16 FIG 18B is a graph showing the |ateral aberration on
the optical axis of the optical system (of Enbodinent 2); FIG 19 is a
graph illustrating the relation thatsthe distance the aberration-
correcting lens group is noves to conpensate for the thickness error of the
transparent substrate has with the wave-front aberration in the optical
syst dof Bmb&dwarntldht 2); FIG 20 is a graph showing how the Strehl val ue

changes with the change in wavelength in the optical s‘lvjes}tenh% of & odi nent
2); FIG 2p1(s]3C # slgrapheiliusfrating tipe distorted abaimalien ORbEBARHC 3 i ch
has an aberration-correcting | ens groups conposed of two |enses, with an

air gap, bet es; FIG 22A is a graph illustrating the spherical
aber rgsétpsfedﬂ @i?&?%}ﬁa@ﬁq?he optical system (of Enbodinent 3); FIG 22B is

a graph illustrati.ng the, asti gnafi I Ik PRl &adn sygleaesfi  (of
Enbodi mentFK)}-; 1‘24&6? ﬂéppsrcgregFQ{?haﬁ lfoiﬁés:,r? ¥ é‘?%%ﬁ?}hgeﬁil s?f)grte(; abgélr ration
occurring in the optical system (of Enbodiment 3); FIG 23A is a graph

r epr efeRE 6f 0)5¢ ihaheopticabsystamni(of 1meRd 13k an angle of field of 0.5 in
the optical system (of Enbodinent 3); FIG 23Bis a ?raph showi ng_t he
1

lateral abgjraghanOPotdh aRiviagl theateraf abdreation on the optical axis of 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. 17B 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

system (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 Enmbodinent 3); FIG 24 is a graph i [

relation that the distance the aberration 17 cgrrgct: lnlguisfaagtlgpgutph?s
noves to conpensate for the thickness error of the transparent substrate
has with the wave-front aberration in the optical system (of Embodinent 3);
FIG 25 is a graph representing the ygve-front aberration observed in the ’
optical system (of Enbodi rrent 3) when both the aberration-correcting | ens

group and E‘E@g 188 8% WY 8 gxﬁ]lgt}rﬁcltateégfsa Qidiraly IR aniy eblid | ng

fromthe c use FIG 26
is a graph show ng the
I nter-lens distances observed Iln the optical s
ystem (of Enbodi ment 3) when
bﬁt h bEacwImﬂstmm(oﬁEndmtbmqnﬁé)l ens group and the objective |ens cor%ect
t he spherical aberration resulting fromthe change in the vvavel engt h used.

Best Mode 9. Garfsy4 Rgashtillodteatingy dnd relatiopabat the distangienthie abesrat
present invention wl rg]g%}g described in detail, with reference toEthe -

acconpany 'cﬁﬁg gr as:léggﬁﬁ is; ?Qrak ?@&%ﬁﬁéf]% f&&h@hﬁ:\&knm drké2 oflthe tihaasparental

syst efrPdP ccording to th i nventio
aberration-corecting |ens T n comprises an
desi gubsiraediaswitlnihs Wavs-2Egn t@}?&?@ﬂsg 1@%@%@ ?fﬁglrp(%'%bémttﬂ)?
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 occurring in the optical system
(of Embodiment 3);

FIG. 22C is a graph illustrating the distorted aberration occurring in the optical

system (of Embodiment 3),

FIG. 23A is a graph represents the lateral aberration occurring at 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-



Obj ective lens NA/ Focal distance /Entrance pupil y

(0.85/2.353m1 4. 00m) Wavel ength ). 635nm SurfaceRadi us of curvature Axi al
interval Flexion rate Nd / Abbe Flexion rate N (null)(nun)nunber vd at d
beat 635nm OBJ 0.0 STO R -25.0C:0.0 Si K: 0.0D:0.01. 61, 620/ 36. 31. 616405

A:0.0E:0.0 B:0,0F:0.0 R 17.055C:O0. 2K: 0. 0D: 0. 01. 521325 A: 0. OE: O.
0
13:0.0F: 0.0 R 19.00C: 0.0 S3K:0.0D: 0 017(\?2 01.51633/64. 11. 515014

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 th;
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 present 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.



A.0.0E:0.0 13:0.0F: 0.0 R -19.00C 0.0 S4K: 0. 0D 0 0E B
A.Q- 08 0.0 130 OF: 0.0 10.0 S4K:0.0D: 0.03.0 A 0.0E: B:0.0F

SBK: - 0. 177274D: -. 991159x10' ' 2. 9626121. 495
A.-.353215x10' 2F: - . 128023X10" 139y o O 20E

R -12. 58525C: 0. 242782x10'

S6KB: ;L.3482433 x 10"'F:-.159371 X 10-'
: . 13.Q82252D: -. 981829 x10-40.
A: 0. 3707368 x10-2E: -.324027 x 10" B: 0, 799138X104F: 0. 162258X;58?533

C. 0.0 _SrK: : _
[Taglé ?] 0 D:0.01.4955351.51633/64.11.515014 A:0.0 E: B:0.0 F:

Objective lens NA / Focal distance [Entrance pupil ¢ (0.85/2.353mm/4.00mm) Wavelength 2= 635nm
Surface Radius of curvature Axial interval Flexion rate Nd/ Abbe Flexion rate N
(mm) (mm) number vd at d line at 635nm
OBJ o -
STO L 0.0

R:-25.0 C: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

S2 K:0.0 D:0.0 1.521325
A0.0 E:0.0
B:0.0 F:0.0
R:19.00 C:0.0

S3 K:0.0 D:0.0 2.0 1.51633/64.1 1.515014
A:0.0 E:0.0
B:0.0 F:0.0
R:-15.00 C:0.0

sS4 K:0.0 D:0.0 3.0
A0.0 E:
B:0.0 F:
R:2.46917 C:-.55616x10"

S5 K:-0.177274 D:-.991159%10"* 2.962612 1.4955/81.6 1.494122
A:-353215x10% E:-.128023%107
B:-.452433x107 F:-.159371x10™*
R:-12.58525 C:0.242782x10°

S6 K:-13.032252 D:-.981829 x10™ 0.505533
A:0.3707368 x10?  E:-324027 x10*
B:0.799138x10" F:0.162258x10"

19 R 1.25




S80. 0- 0.098295 S9 0.11.5295 S 10W S110.0 I Ma10. 0 The aspherical shape is
defined by the followi ng equation [4]. This holds true for Table 2 to
Table 5, which will be presented |ater. Equation of Spherical Surface Y2/
R.X - 1+ {1- (1+ K (Y/ R 2}1/2 +AY4+BY6+CY8+DY' 0+FY12+FY' 4 where: X Depth
fromthe apex of the surface 20 Y: Iigight fromthe optical axis R
Para-axis R K Cone constant A: Aspheric-surface coefficient of termY4 B:

Asphpric-surface—ceeti+etent—of—termY6—C— Agpheri c-surfacle coeffi¢ient of
tern Y8 D:| ®spheric-$dfface coeffjcient of tern Y10
§7 K:0.0 D:0.0 1.495535 1.51633/64.1 1.515014
A0.0 E:
B:0.0 F:
s8 - 0.0 -
89 L 0.098295
510 - 0.1 1.5295
sil o 0.0
IMG - 0.0

The aspherical shape is defined by the following equation [4]. This holds true
for Table 2 to Table 5, which will be presented later.

Equation of Spherical Surface
Y*/R
T 1+ {1- 1+ )Y/ R
+ AY*+ BY®+ CY*+ DY + EY? + FY"

X

where:

X: Depth from the apex of the surface



E. Aspheric-surface coefficient of termY 2 F: Aspheric-surface
coefficient of tern Y14 [4] The optical systemis used to record data
signals on and reproduce data signals fromoptical recording nmedia such as
an optical disk, a phase-change optical disk, an optical card and the

| i ke. These optical recording nediajgave a transparent substrate 101 each.
That surface of the transparent substrate 101, which faces away fromthe

optical system.is the signal -recording surface. The aberration-correcting
| ens groupY: Heil@tc‘%?r’ﬂo'i]@cpIB*CﬁLaHSr st lens 2 and a second lens 3 and is
designed to correct the spherical aberration occurring in the optical
system AnRoBpestx8R|ens 20 is provided, which is conposed of two | enses
20a and 20b. In Tables 1 and Tables 2 to 5, to be presented |ater, OBJ

denot es angobjfetconRPintt . STO designates an aperture diaphragm Si, S2, S3,
indicate thé surfaces of the lenses, in the order the | enses are arranged,

and | MG denotes.the regordi d 21 the optical recording nedi um
e, the fmAsehPEE G ce ptagehl AL X

- = erical aberration in the optical
systemis shown in FIG 2A, the astig ksmin the systemis illustrated
in FIG 2BB: dAspherie-suirfacercosdiieisat PE{STBhYin the systemis shown in FIG
2C. Further, the lateral aberration occurging at an angle of field of 0.5

in the systemsphefibaumfdace doefficidat ofitmm We | ateral aberration on the
optical axis of the systemis illustrated in FIG 3B. The optical system

O ont cn GG ot 3L L uhch An o ect BoLnt s

E: Aspheric-surface coefficient of term &

F: Aspheric-surface coefficient of term ‘e

[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 20 is provided,
which is composed of two lenses 20a and 20D.

In Tables 1 and Tables 2 to 5, to be presented later, OBJ denotes an object

point, STO designates an aperture diaphragm, S1, 82, S3, indicate the surfaces of the

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




is arranged between a |ight source (not shown) and the objective | ens 20.
The group 1 conprises the first lens 2 and the second lens 3. The first
lens 2 is a biconcave |lens and |ocated near the |light source. The second
lens 3 is a biconvex |ens and | ocated near the objective | ens 20. Nothing
but air exists between the first le 2 and the second |lens 3. The opti cal
system conpri ses neans for adjusting the space between the firs and second
| enses 2 and 3 of the aberraiioq-correc%in. %roq 1. The neans, for
exanpthe, opdicahresardingswedhondl- &e thiaBige- %mg‘é‘ r?é‘&faé’ﬁ' to the first lens 2 or
the second Ilens 3. The aberration-correcting |lens group 1 ?eneratas

spheri cal ghergierieal abetiacionpac ehe hyttioabrsystean | ignddwsviz 1anH @. i28all)ust ed.
The spherical aberration, thus generated, has the polarity that is
opposjte to.th [ [@MRBCaEWM fliddistsrtahgbdieatiopin dw
surfa%%l.gl%tﬁégﬁtt@éesiég glrllkga > a g?glt;li(gnmlgh% t he spherical aberration

Ae-a systamis shRBTL TIG. 56 Topiien (riefgar Pherfich Repiird of ALahERRL VLA

be corrected well. The aberration-correcting lens group | has,.a .
consi feldf (53 irefHe system isshowsindr iGir3a, gdateratiabergtieniondhe apticakt i on

generated as the lenses 2 and 3 are noved in tile optical axis is,

t herefore i 3 On the other hand, tile spherical
ber r AFrolt (e sRiehfs HSraltd i NGB,

romthe thickness-nmanufacturing errors of the

obj ective _|ens 20.and transparept s rat 1 einc i O RIMOSH
aber r at i onTheHARfGal S)S%E‘éhglp"%f Héﬁ&gj zgﬁ“\?g (feael];eg %@H‘E‘gﬁg@%’?& numeri cal
aperture. Thus, the aberration-correcti l.ens ?r oug | fall ome cannat
conpl ebfdcy poatdeloaated sparemiite distancat i g1 ahHTHIFOTECURE JeNF Ok | oot
mean square of the spherical aberration, it is necessary to deternne

is arranged between a light source (not shown) and the objective lens 20. The group

1 comprises the first lens 2 and the 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



t he novenent of the aberration-correcting lens group 1. In practice, a
ray-tracking nethod is enployed, calculating the OPD of the main |ight
beam and the OPD of the anbient |ight beans. The lenses 2 and 3 are set at
such positions as to mninmze the difference between the OPDs cal cul at ed,
i.e., the root nean 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 fromthe opti temof FIG 1 as is

i |1 ussphersal pheneatton i the,gPufalSYs ’%%PP%rcoﬁécﬁﬁée“g%jﬁective lens 20 is

estimated to be about 10 gin for each | ens. The ?fg'oé in aﬂj usting. f he
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estimated to be about 10 um at nmaxi num Further, the thickness error of
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of th errors, e spherical aberration will be too large to neglect 23
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aberration will be generated. This spherical aberratiaqn cap.be well
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first lens of the aberration-correcting lens group 1 used in the optical
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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 1s

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 1s estimated to be about 10 pm at maximum.
Further, the thickness error of the traﬁsparent substrate 101 is estimated to be about

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



by noving the lens of the group 1, which is nore renote fromthe objective
|l ens than the other |lens, by a distance Ad defined bel ow, provided that
the transparent substrate 101 has a thickness error of approxinmately 10
pi.n. Ad = -34.458 At (lid: the distance one |ens of the
aberration-correcting lens group is gmved At: the thickness error of the
transparent substrate) CGenerally, tfie Marchell's criterion regarded as the
m ni mum requi rements for good i s that ha LGS %hcal
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deterioration in imge quality, caused by the thickness error of the
trans arent S\ cBt@cdhatogtl.al most negligibly small in this case. If the
obj e émolnengﬁh a thi ckness error or an assenbling errorafocéfzr}germ ng the
space bet ween the Lense a8 @Rowhdn [FEGs dgs msA
aberrationl b@)W@té%}t gﬁFéBﬁ %@ in the sanme vvay, thereby to
correct the spherical aberratron If t he i cal e[yt hén@ﬂt
corr et @, fifibRASSA bPnhe avanspardnies bstigté, é"{la%q S g?err%(l§1 1 Ps”indi cat ed
by the solid line in FIG 5. In the enbodi nent shown in F
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Iense% erra éon‘Y ens 2 which is a negative lens and th(ra@second
lens 3 which js | §s%y mto\ﬁng fhe efirst dens haf the
aber r atdicated oby & ?rlﬂ'@ Engn ??bm{f?l?emﬁgve a“group having negative power

and a group having positive po ey, RIS, ithe a
pl ur abhérra@bniconsesing lohs gengr ] useb “h@‘@ém?\?@i %ﬁ@nﬁﬁ}?%d t he positive

| ens group nay be arranged in the reverse order In this.c
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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 thlckncss 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. If the objective

' i he
lens has a thickness error or an assembling error concerning the space between t



bet ween these | ens groups has polarity that is determ ned by the space
between the |ens 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 nunber of conponents
constituting the optical head can bg decreased, nmaking it easy to

manuf acture the optical head and to | ower the nmanufacturing cost of the

optical head. In the enbodi.nent described. ok | . '
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constrycted in e.form of a finite system In the enbodi nent descri bed
above?olii‘#’gn%b‘fgi{q’i ve lens is one that conprises two |ens groups, each

consi sting of one |ens. Instead, e ohjeqgtive.lens ' :
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present invention effectively works to correct spherical aberration
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and has a nunerical aperture of 0.8 or nore. FIG 6 shows the opti cal
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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 arranged between



26 [Table 2] Objective lens NA / Focal distance / Entrance [
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interval Fl exion rate Nd / AbbeFlexion rate Ndi R c Surfaceus o r a
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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 ]exls 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.
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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 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.

9. If the transparent substrate has a thickness error of about 10 um, 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 =-19.685 At



aberration generated by this error can be sufficiently suppressed, nerely
by moving the I enses of the aberration-correcting |l ens group by Ad defined
below. Ad = -19.685 At 28 (Ad: the distance one |ens of the
aberration-correcting lens group is noved, At: the thickness error of the
transparent substrate) |f the spheringal aberration is not corrected,
aberration too promnent to neglect will remain as is indicated by the

solid line in FI 9. As the equation_[1 WS, . n rical
per tur e, 6 e imosdnsings Sere Sparrav S EGing s arbg R mRedAr
aberration too large to neglect will occur if the objective |l ens has a

nunerfheahickpess errer o6 thdtransparent sulsteht¢¥ t he spherical aberration is not
corrected. The use of such an optical elenment described above can suppress
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this rnvention conprises such an optical system as has been descri bed

Fepr o le npite il e gphericaf aBBaah KO Ra e g, medi um such as.

The use of such an optical element described above can suppress spherical
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

mediun.

[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



a. phase-change optical disk 11. The phase-change optical disk 11, on which
the optical head 10 perforns the 29 recording and reproduci ng of data
signals, conprises a transparent substrate 12, a signal-recording |ayer
and a protective layer 13. The substrate 12 has a thickness t2 of, for
exanple, 1.2 min or 0.6 mn. The siggal -recording |ayer undergoes phase
changes to record data signals. The protective |layer 13 has a thickness O

of, for gexanple, 0..1.mn..Light is a i t t t
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transparent substrate 12, thereby to record signals gr]ﬁ he , .
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wavel ength of the

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 alight 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 opticaldisk 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



| aser beamenitted fromthe |ight source is not linmted a [

A 30 sem conductor |aser that emts a | aser beam havi ng ap\?\l/;t/lefglng'[ hVal e
shorter than, for exanple, 635 nm nmay be used. If so, it would be
desirable to apply a | aser beam having a wavel ength as short as possible
for the purpose of further increasing the recording density and storage ’
capacity of the optical recording nedium In this case, the spherical

aberration can be corrected nore effecti i 1
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that 2R rration-correcting ns group 1. The optical head

10 further conprises [ i-
per or%)ore. a focusing lens 17, a multi-lens 18, and

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 tfirst-order beam. The
collimator lens (not shown) converts the Oth -order beam and the tfirst-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 11la.

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 multi-lens 18, and



31 a photosensor 19. The photosensor 19 receives the |ight beamrefl

by the signal- recording layer and applied through the ogjective Iensegged
aberration-correcting lens group 1, polarized beamsplitter 14, focusiné
lens 17 and multi-lens 18. That is, the incident light beam applied to the
signal -recording surface | | a of tihe phase-change optical disk 11 is
reflected by the signal-recording surface I | a and applied back to the
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rotated through 90 fromthe direction in which it was polarized when

appl i geopMepslatized trtircsplittirsld, fotwsing dents 1bendmnaltickardy converted to a
linearly polarized beam Then beam-is then reflected by the reflecting
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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,



A focus servo signal and a tracking servo signal are there

ot her words, the photosensor 19 de?ects t he ?ight beam to 3%igﬁn$LgtﬁSit:?
lens 18 has inparted astigmatismand outputs electric signals formwhich a
focus servo signal can be generated by the so-called astigmatism nethod
In the optical head 10, the focus servo signal drives a biaxial act uat or
16, thus performng a focus servo control. The photosensor 19 detects the

glr ;f ;[;ﬁo o?:ﬁ% §$§§%&]ﬁm tl%ﬁgﬂllgﬂgoe 5@%@? afd hershy Feﬁ’é/ra?élﬁ di ffraction

0seé 19 out puts an electric signal

fromwhich a tracking servo signal can be ner d by the.
t hr ee- befanimethwdvoﬂdﬁ, theepligopenpor h‘é t?(@t,sqﬁﬁ@gﬁ EE%']%& gﬁ}@lgﬂ%ﬁékg[ " drives
the biaxial actuator 16, thereby acconplishing a tracking servo control.

Mor eongk ] 8tHa8 ipbaited ass@natismunduiitputs ededtricsigialmtons) w osus 68PENdi ng
to the intensity of the light 4ncident to one photodi ode. A prescribed

grg;g@ig%gg %bléé’géﬁéifag%jb@gfh% é;@%glé% 86 SihGtishgAaih®ds dntthatoptical keat16] c

produc signals, formthe fromthe phase-change

optical disk 11. As descgri bed,abav t he opti i.cal h
10 acther fravs sesvermmia g # dneasmpeecy” L5 it GHEbEG o (SE SRkt Nead
spherical aberration. The |lens group can cancel the spherical aberration

resul tomgol.romt he manufacturing errors of the opti i
_ ; : _ ( ptical system This nakes
it easy to use an objective lens having a | arge nunerical aperture. It is

therefore geasiliGsdifiol 19/ RASEs theLfipacsidenbeslarthnt hasbebsdiffragedcaphci t
| y

of the optical® recording nedium 33 in the enbodi nent descri bed above, the

optical, head of. the .invent.ion, |l
slit by the diffraction grating Y f%t-order beam. The photosensor 19 outputs an

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 tb
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 according 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. Itis therefore possible to increase the recording density and storage capacity

of the optical recording medium.



designed to record and reproduce data signals on and fromthe phase-change
optical disk 11. Nonetheless, the optical head can be nodified to record
and reproduce data signals on and fromvarious types of optical recording
medi a such as a playback optical disk, a magneto-optical disk, an optical
card and the like. [Recording/ Reprodsacing Apparatus] As shown hi FIG 11, a
recordi ng/ reproduci ng apparatus according to this invention is designed to
record ang reprodyce. kaIRL anghd oprcah hepd i sRkhe riacentdomds medi um
such as tﬁB @%bggﬂﬁﬁﬁggéﬁé%bpﬁaégﬁgﬁgnbe op?ical disk 11. The apparatus
conprises the optical bead 10 that .has, been scr i;be 0 he .
r ecordgisiggieddprreaond argd a%@d&%éat%ﬁ&e%‘isg%’e@‘fﬁOPétlbﬁ‘r )Sh%%d&r?aen&-go ut(]:Cealdat a
signals on and fromthe phase-change optical disk 11. Notw thstanding this,
the FgpalaNshakelessithg optichhkeeddeambe orodified be reasudfanddepro & nodes
as a recording/reproducing apparatus that conprises an optical head having
an ohj fil%%ﬂﬁ anll $6in (y-gn%hs es gBhl redbrdifg Aiedingudirah aptagbacknopticaim whi ch
S

t he us recor and ‘reproduces data Signals may be playback opti cal
di sk, ..a magnet o- optj.cal ,.di sk, an_ .opthcals fd.or the |ike. The

recordiglﬁg? lf"@ﬁpéﬁhgpﬂﬁgla%gfé’r%ﬂ R ‘%&)ﬂ%ﬁfiégghge'spi ndle motor 3 1, an
optical head 10, a feed nmotor 32, a nodul ation/denodul ation circuit 33, a
serqummdmgVRclbnocl@ictllgBAppamu%ﬂ system control |l er 35. The spindle notor 31

rotates the phase- change optical disk 11. The optical head 10 is used for
recor di ng ARGLoRE 98 RIGNAl Had ae@tdirgi/mepabducifigeageatusnacsordmg 60 phisyi ded

to nove the optical head 10 between the inner and outer tracks of the

phase- change .oRtLEAlddbSfcdid adlGepRiicatd A/ sHamme ehadndfirom an optical
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
ahd 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 spindie motor 31 rotates the phase-

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



circuit 33 effects specific nodulation and denodul ation. The servo contro
circuit 34 perforns predeterm ned servo control on the optical head 10

The system controller 35 controls the entire recording/reproducing '
apparatus 30. The servo control circuit 34 controls the spindle notor 31
which is driven at a prescribed spggd. The phase-change optical disk 11,
on and fromwhich data signals wll| be recorded and reproduced, is chucked

to the drive, shaft of the.spj '
g ?nt rségf[:ég ﬁbe ?E%& g’ﬁ)rtﬂ)/ro?%bsﬂﬁrogﬁaea @&8? © glje o?fg@th?;ﬁﬂ{l (tye]%iws&kaﬁrlﬂi@g? 1ert he
escri bed speed. The optical head 10 | | es I .
phas earnchautge tragks ofitheipkaserghangs; QR}‘%%Q@%LF J@leﬁﬁaﬁ{“&ﬁg’?}/@%ﬁ%@mf‘ﬁ“or der
to record data signals on or reproduce data si gﬁ&lts from the, bhaéﬁ-change
[ f

opt i c@loilt 8% elfctsifireciffah ot ati@pantbdempdutaion serpe aanirel cisewis
the optical disk 141!5_% The optical head 10 is connected to the rem

modul SAregahE BIRENL AR ENELdudin I G5AAN head 1ecOTHe yslekeoctitauliir, e

ns specific no ation on the signal supplied from an
external circuit 36, The ,signal dul ated i.s pplied to the optical head
10. Ti}‘écgptrpksaqherréﬁge190%33189&”938%&313%&%%?9the phase-change opti cal
disk 11. This laser beam has been intensity- dul at fi in. accoydance with
the si gnal Thewppvo eantrolosirewit 3dsontrals the Sﬁﬁégﬁmﬁ@r ) wﬂw@ustd’rg\?n o

reproduce a data signal, the optical head 10 applies a |aser beam of a
parti Et%srgrib%H%P%%&YTh@ p}1_ﬁ§a—@lﬁh&ﬁg@-dp‘ﬂﬁlagdiskritli, oalandifséanihehich datasignalss

repro fro the light beamreflected fromthe disk 11. The signal

(e SRRSOy ISR AT sk bt 153, The
The spindle motor 31, controlled by the servo control circuit 34, rotates thc; disk 11 at
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 a laser
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 is reproduced from



time of recording or reproducing data signals, a focusing servo signal and
a tracking servo signal are generated fromthe |ight beamreflected from
the phase-change disk 11 which is rotated. These servo signals are
supplied to the servo control circuit 34, The nodul ation/denodul ation
circuit 33 is connected to the systeygcontroller 35 and the externa
circuit 36. The nndulation/denndulation circuit 33 receives a signal from

he e r cul n uk aj es i
Fsysteﬁ\esl&ﬂit 1}93%1‘6 38@? 6[)71)5&"&%@0?11@%@32?@%%1 qsalfl‘the pha -%It?at%get e

optical disk 11. To reproduce a data signal fromthe phase-change opti
cal

di sk thk, mbﬂalatrmrzidmabduﬁﬁ@@rmmmh 3on circuit 33 receives the si gnal IOfrom

the optical head 10 and denodul ates the signal under the control of the

system contrpaldficabheadN® i @hakcledus theewpetibantzdl dycuihd4citoouidt 88 i s
out put fromthéﬁmrcwt _33 to the external CII‘CUIt 36. The feed notor 32 is

des! gnes, LOIDNGLS SRHLARnDRRN Aol 21 u?éséi‘vbes‘iéﬁélrhndoi triabRing

phaset |ré p05| in"order to record or

reproduce data signals The feed r 32 i s dri

t he cemvpcﬂlgnashajngengcﬂipd|f'éunﬁh%¥iﬁnghge%‘§rr\9be tSfl %‘F‘ i’@?%’cgﬁﬁg%ﬁﬁg'
the feed motor 32 is connected to the servo control circuit, 34, ich
cont r ol sylich if eedtedt Thed2servndegnal herecsupplied tofthe Iﬁmlgﬁ@](%mmggﬂer 35,
t he servo control circuit 34 controls the feed notor 32 such that the

opti cal ﬂe%ﬁoaﬁ}égﬁﬁ&elﬁoaﬁﬁ%hwaum Afconpesiad torthelsgstent bentreHer 10

opposes the phase-change optlcal disk 11. The servo control circuit 34 is

oSt SRR SRRt e S
Sggts:azltglghrﬁg#):bhg gafe?‘gqtal;&lrcsm% gg an%I 1rnl(cj)|dglartrgst t re s1gﬁalvl\ﬂlidcer tﬁie[ cggf;‘ro B? 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 the 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



11 at the prescribed speed to record data signals on or reproducé dat a
signals fromthe phase-change optical disk 11. The servo control circuit
34 is connected to the optical head 10, too. To record a data signal or
reproduce the sane, the circuit 34 receives the data signal and a servo
signal fromthe optical bead 10. Theggcircuit 34 controls the biaxial
actuator 16 nounted on the optical head 10, in accordance with the servo

2coomisibnad g PR 1 SppBats e AIIRAla o REIT AT, I8t Sar o

rcul contr e uni axi al actuator,

wher eby the space hetween the |l.ens.groups, of,th ' 3 [

ons gl Giseias et AREIed e B SRRGIEABRINTeL) o phfrt pREroR ThE ! "0
recordi ng/ reproduci ng appar atus descri bed above, the aberration- correcting
| ens gigeeP3 o) estepnhé bentopitfeias syseanl codtrolerd) sNemely,she seig COER at i on
resulting fromthe marufacture error of the optical system Hence, it is

Sﬁfé’héﬁggi?%%nno&é Bird E;}Gﬁd'eeﬂl%t&hi@ﬂvmﬂiwthé Hade ahiahge opticehdisk and

a’large nunerical aperture. It is therefore possible to enhance

t he recordi ng densi and stor capaci t o) | j

medi uil aEﬂifd_éheﬁ’é‘H]S‘_%‘{ X@ﬁ@épf?@@%@&%?%&ﬂks&b‘?r l{e#é&gupct%?%dg %%ﬁé@ior ing to
the present invention will 37 be described bel ow. [Enbodinent 1] FIG 12
showsphhase-shanget optecadidiskhbl.opti cal systemincorporated in this embodi ment.
Tabl e 3 presented bel ow shows the values set in the optical s¥stem [ Tabl e

3] The servo control circuit 34 is connected to the optical head 10, too. To record
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



Qbj ective lens NA/ Focal distance / Entrance pupil T
(0.85/1. 765m 3. 00mm) Wavel ength 7 635nm SurfaceRadi us of curvatureAxi al
interval Flexion rate Nd / AbbeFl exion rate N (nun)(nun)nunber vd at d
li (r)leat 635nm OBJco00 STOQ000.0 R'19.0 C: 0.0 S1K: 0.0
D: 0. 02.01. 51633/ 64. 11. 15014 A:0.0 E3. 0 13:0.0 F: 0.0 R-19.0 C 0.0 S2K: 0.0
B: 8 81. 5i3091 A:0.0 EO0.0 13:0.0 F:0.0 R-17.055 C. 0.0 S3K:0.0 o
- 0. O B, 616405 A:0.0 E:0.0 B:0.0 F:0.0 R 25.0 C:0.0 S4K:0.0
D 0. Oé g i‘gﬁ%sﬁﬁe %’0 0 FF R 1.62730 C -.0.749875x104 S5K:-0.505660

10' 31, 6397931. 49
Em oﬁunent 1] 55/ 81. 61. 494122

FIG. 12 shows the structure of the optical system incorporated in this

embodiment. Table 3 presented below shows the values set in the optical system.

[Table 3]
Objective lens NA / Foca) distance / Entrance pupil ¢ (0.85/1.765mny/3.00mm) Wavelength A= 635nm
Swrface Radius of curvature Axial interval Flexion rate Nd / Abbe Flexion rate N
(mm) (mm) number vd at d line at 635nm
OBJ co o
STO o 0.0

R:15.0 C:0.0

| K:0.0 D:0.0 2.0 1.51633/64.1 1.15014
A:0.0 E:0.0
B:0.0 F:0.0
R:-19.0 C:0.0

S2 K:0.0 D:0.0 1.523091
A:0.0 E:0.0
B:0.0 F:0.0
R:-17.055 C:0.0

S3 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

sS4 K:0.0 D:0.0 3.0
A:0.0 E:
B:0.0 F:
R:1.62730 C:-.0.749875%10™

S5 K:-0.505660 D:-.204775x10° 1.639793 1.4955/81.6 1.494122
A:~207368x107 E:0.0
B:-.999092x107 F:0.0




A:.207368x]0'= E: 0.0 B:-.999092 x 10'3 F:0.0 38 R 89.45684 C.-.332978x10"'
S6K: 0.0 D: 0.921202x10" 0. 252358 A:-.291281 x10'" E: 0.0 B:0.459860x 10"'
E: 88 R31 30215 C: 0. 206089x10'" S7K:-0.503781
1.3140521. 58913/ 61. 31. 587011 A: 0.193338x10'" E: 0.0 8:0.120697x10""'
F: 0.0 88CC0.0 S90.149962 00 S 100. 138529500 00 S 11000.0 IM0,0 FIG 13A
S

A trgt es theL Ispheri cal aberration occurring in this optical system
F3B-—shpws—theastT gmat rsymoccprring in this optical syptem FIG 13C
shows the (&t ed a‘bgi‘zr”éf‘f’on ocgurring in {he optical system Fl & 12
depi ¢t ss¢ he| kat eral abeerekiodn ocgur ré2gstat an angle of fipld of 0.15. FIG

g?/SBt :;hovxs the lateial aherration opn the optig¢al axis of the optical
Em

B:0.459860x10" F:0.0

R:1.30215 - C:0.206089x107
87 K:-0.503781 D:0.0 1.314052 1.58913/61.3 1.587011
A:0.193338x107  E:0.0
B:0.120697x10"  F:0.0

s8 o 0.0

$9 o 0.149962

$10 o0 0.1 1529500
Si1 o 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 um, 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 pm, the wave-front aberration



The wave-front aberration in this optical systemis 0.002 rns2. If the
transparent substrate has a thickness error of 20 m spherical aberration

will be generated. To correct this spherical aberration well, it suffices
to nmove the aberration- correcting |lens group by a predeterm ned di stance
as is illustrated in FIG 15. If thegg transparent substrate has a thickness

error of about 10 1n, the wave-front aberration 39 generated by this error
can be_ suff i L eRtl ¥ hensgstRflenddseof

aber r%?}%ﬂ Qld% ¥H§Pp§lﬁl§§§§§b% byfadjl%%ls%ﬁe}h% as F\% i ndi cat ed by

t he broken I|ne|n FIG_ 15. Ad = 38 At .the.dis ens of
t he aﬂrmraﬂa@mamncmm@@tmg@nsgr@mbbég deéllﬁé\laékp 4asis mdyea tF&ﬁXﬁﬁ%@%‘ﬁ@P

the transparent substrate) In this case, the spherical aberration resultl ng
fromfheif pigkngss error of the transparent substrate beconmes al nost
negligible. If a simlar error occurs at any conponent other than the
aberrati OnA@‘OHEf hgg tI ens group, however, spherical aberration too Iarge
to negl ect é 4: as indicated by the solid |ine shown in FIG
Consequently, data signals cannot be recorded or reproduced in a dg;l rabl e

manner . [ Ehédiwehistadte phelerseofthowberrationtaartaating lens groepdpmaved, st em
incorporated in the present enbodi nent. Table 4 presented bel ow shows the

val ueg, eSficltrbsk RErciRif !t phiit sdfstrdieh! e 4]

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 re.produced 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.




Qbj ective lens NA / Focal

di stance / Entrance pupil vy
(0i85/1iZFSHU13.00HW)KEV?IZBgth b= 410nm Sur faceRadi us of curvatureAxi a

i nterva exion rate eFl exion rate N (nun nunber vd at d i
410nm OBJO0O0O0 STC000.0 R 7.16382 C. 0.0 SlK:O.g y(m neat
D: 0.01. 251.51633/64.11.529569 A:0.046 0.0 B:0.0 F: 0.0 R-9.94781 C. 0.0

S2K: 0.0 D:0.00.5 A°0.0 EE0.0 B:0.0 F:0.0 R-9.0 C 0.0 S3K:0.0

o 0. obPla

520/ 27.51.803040 A:0.0 E:0.0 B:0.0 F:0.0 R15.0 C 0.0 $4K: 0.0

.0 E B:0.0 F: R1.6273 C: -.0.749875x10 S5K:-0.50566

D -.204775x10' 1. 5706191 4955/ 81 61504869
Objective lens NA / Focal distance / Entrance pupil g (0.85/1.76 5mnv/3.00mny) Wavelength %= 410mn
Surface Radius of curvature Axial interval Flexion rate Nd / Abbe Flexion rate N
_ (mm) (mm) number vd at d line at 410nm
OBJ o oy
STO 0 0.0
R:7.16382 C:0.0
Si 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
S2 K:0.0 D:0.0 0.5
A:0.0 E:0.0
B:0.0 F:0.0
R:-9.0 C:0.0
s3 K:0.0 D:0.0 1.0 1.75520/27.5 1.803040
A:0.0 E:0.0
B:.0.0 F:0.0
R:15.0 C:0.0
S4 K:0.0 D:0.0 3.0
A:0.0 E:
B:0.0 F:
R:1.6273 C:-.0.749875%10™
S5 K:-0.50566 D:-.204775%107 1.570619 1.4955/81.6 1.504869
A:-207368%107 E:0.0
B:-.999092x10" F:0.0
R:89.45684 C:-.332978x107
s6 K:0.0 D:0.921202%10° 0.350169
A:-.291281 x10° E:0.0
B:0.459860%10% F:0.0
R:1.30215 C:0.206089x10°
S7 K:-0.503781 D:0.0 1.278541 1.58913/61.3 1.604471
A:0.193338%10" E:0.0
B:0.120697x10" F:.0.0




A:..207368x 10' E: 0.0 B:-.999092x10" F:0.0 R 89.45684 C:. -.332978x10""'

S6K: 0.0 D: 0.921202x10-' 0. 350169 A -.291281 x10'' E: 0.0 B: 0. 459
. _ 3 S ©0.0 B:0.459860x10 F:0.0
R 1.30215 C 0.206089 x 10'' S7K:-0.503781 D:0.01.2785411. 58913/ 61. 31. 604471
2.8.392388615 0Ebo.o 8:0.120697x10' F: 0.0 41 S8R 00 C.0.0 0.0 K 0.0 D: 0.0
0.0 E0.0 8:0.0 F 0.0 S9000. 13486410 1.51 00,
A 0.0 E 0.0 8:0.0 4 633/ 64. 11. 529569 1 S10. 00.
S8 R:00 C:0.0
0.0
K:0.0 D:0.0
A:0.0 E:0.0
B:0.0 0.0
89 oo 0.134864
a10. . 0.1 1.51633/64.1 1.529569
s11 - 0.0
IMG - 0.0

FIG. 17A illustrates the spherical aberration occurring in this optical system.
FIG. 17B shows the astigmatism occurring in this optical systerm. 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 lateral 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. 19. If the
transparent substrate has a thickness error of about +10 pum, 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:



FIG 17A illustrates the spherical aberration occurring in this optical
system FIG 17B shows the astigmati smoccurring 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 |ateral abergration on the optical axis of the
optical system The wave-front aberration in this optical systemis 0.003

rmsX. the transparent substr t hi ckness error of 20 nn

spherﬁl’@éhlcg‘é’@ﬁ Slc‘lpbﬁ?\ﬂi‘? Fraggparsgﬁgﬁé#ﬂageﬁro correct this spheri cal ’

aberration well, it suffices to nove the aber atla]n- carrectin cﬂ te S group
lﬁ oLt

by a predeletinsmase,dhstsphercalsabesration gasulfingtiom 1656 €T}
transparent substrate has a thickness error of about 10 gin, the wave-front

aberrgb reﬂ?@ﬁb?t‘r&‘é e dnhés aBhoarnedizible. siff 4 isnhdat Eyros Lymones s dhatner el
by novi ngg)&% ' enses of the aberratlon correcting lens group by Ad defi n)éd

ggle(r)r%ﬁqtm eg}l?% 8??8@ f)ésﬁgm ity h?élﬁ‘@&egfénibéﬁéﬁoﬂ-fco%@tmg lens group,

group i's nove the thi ckness error of

the transparent substirate) hi s cas her i

f r om howevei, splesieal abmatl@lﬂt%f@rg@ Fuh S?E‘Hﬁl 3 Pgt%:% 188%&4&“%&&2‘@5“' Hno
negligible. If a simlar error occurs at that section of the optjcal system
whi chlihpghtoesintie. di9erCasequentlyy datnisignal seanngt by ecoriadeardiepr  cal
aberration too large to neglect will remain as indicated by the solid I|ine

shovvn- dEEQabljeglnaﬁ?é}seq“e”“y’ data signals cannot be recorded or
repro uce I'n a desirable manner. In this enbodi nent, the light source

Hses a nav Illetﬂ%tcmgg)dﬁ'r?gnt & hgﬁpggurce 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 is
provided. If an aberration-correcting lens group is provided, the Strehl value is 0.8 or
more when the wavelength changes by £5 nm, and good results are obtained. In no
aberration-correcting lens group is provided, the Strehl 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



chromatic aberration may becone a problem FIG 20 shows how the Streh

val ue changes with the change in wavel ength in the case where an

aberration-correcting lens group is provided and in the case where no

aberration-correcting lens group is provided. If an aberration-correcting

| ens group is provided, the Strehl walue is 0.8 or nore when the

wavel engt h changes by 5 run, and good results are obtained. In no

aberr i Q 0, ns group is provided, the Strehl value is |ess than
ﬂﬁgﬁ%ﬁ%ééﬁﬁﬁﬁ ;b he chromatic aberration. This will adversely

|nfluence the recording and reproduction of signals. That is, the

aber r imbpadunen ing lens group can correct the chromatic aberration

occurring at another optical surface since it conprises two s q oups,

the firstFEGolp dhissiases te atlpomrc|QfetheeﬂBtlﬁ%lv$)f‘$§elanmﬁ<BH@rﬁfﬁ$£él? S 55 or

nore and the second group consisting of a negative | ens having an Abbe

nunbeém%%dﬁﬁfﬂl{. TE6R: 5 &Hﬁtedtmﬂo@bﬁfd’\ﬁﬂh@meﬁ@ég esttih tige bptisalggystgnf unct i ons

an el enmen corr ctlng 43 chromatic aberration, too. [Enmbodinent 3]
FI G il strates the structure of the optical systen1|ncorporated in
this &iLa Table 5 presented bel ow shows the values set in the. .
optical system [Table 5]-Obj-ective—tens—NA—+—fecat—distance7—EmtTance
pupi || ogtiedi@ 1854 MFocti@Gamat EBtraﬁbE)nmﬁaYAﬁ&/’e’lﬁeth’W“) 639nm_Sur YerteesAg s of
curvgt L&rnFAXI al 1 nt el(aylﬁ Hn@&ﬁrl on rate hqullllnl@\blbeFlPQM|19@NJ/aﬁbe N1 Flexion rate N
(nun)|{(ntinY ngnber vd at d |'ineat 63§nm OBJOOeo _ . 635
{(mm) (mm) number vd at d line at 635nm
OBJ oo oo
STO 00 0.0
R:-25.0 C:0.0
S1 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:17.055 C:0.0
S2 K:0.0 D:0.0 1.523914
A:0.0 E:0.0
B:0.0 F.0.0
R:19.0 C:00
s3 K: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
sS4 K:0.0 D:0.0 3.0
A:0.0 E:
B:0.0 F:
R:1.62730 C:-.0.749875%10™
SS K:-0.505660 D:-.204775x107 1.641523 1.4955/81.6 1.494122
A-207368%10% E:0.0
B:-.999092x107 F:0.0




STCC00.0 R -25.0 C. 0.0 S1K: 0.0 D:0.01.61.620/36.31.616405 A:0.0 E:
. . : 0. - 0. . . . . . 0. E:0.0 B:0.0
F: 0.0 R17.055 C 0.0 S2K: 0.0 D:0.01.523914 A°0.0 E0.0 B:0.0 F: 0.0 R19.0
C:0.0 S3K:0.0 D:0.02.0 A°0.0 E0.0 13:0.0 F: 0.0 R-19.0 C 0.0 &K:0.0
D: 0.03.0 A 0. 0 E: 13:0.0 F: R 1.62730 C.-.0.749875x10 S5K: -0.505660
D: -.204775x10" 1. 6415231. 4955/ 81. 61. 494122 A:..207368x 10" E: 0.0 B:..999092
X 10-' F:0.0 44 R 89.45684 C.-.332978x102
R:89.45684 C:-332978x10
S6 K:0.0 D:0.921202x10° 0.249421
A:-29128]1 x10? E:0.0
B:0.459860x10 F:0.0
R:1.30215 C:0.206089x10*
87 K:-0.503781 D:0.0 1.314798 1.58913/61.3 1.587011
A:0.193338x10" E:0.0
B:0.120697x10"  F:0.0
S8 * 0.0
89 . 0.149333
$10 0o 0.1 1.51633/64.1 1.515014
si1 . 0.0
IMG 0o 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.



S6K: 0
:8.8 R 1.30215 C: 0.206089 x 10'3 S7K:-0.503781

F
D:

.0 D 0.921202 x 10' 30. 249421 A:-.291281 x 10-2 E: 0.0 B:0.459860x102

1.3147981. 58913/ 61. 31. 587011 A: 0.193338x10" E: 0.0 B:0.120697x10

F:0.0

S80.0 S9000. 149333 0 1.51633/64.11.515014 1 S 1000. S 11000. 0
( _ 11, : .0 I M3000.0 FIG
22A illustrates the spherical aberragion occurring in this optical system

FIG 22B shows the astigmatismoccurring in this optical

system FIG 22C

328:"& ;hte kéd:sg%lggqed Iilg,gri@tthgq’vé)\%cﬂ ok 2ek fbtfo'i‘lecéiﬁédw aghahgeinkh&  23A

r'rdtion occurri ng at an angle of field of 0.5. FIG

23B shows the lateral aberratio on t

syst emavetbegthaveed ﬂ%rﬁOIEﬁﬁé‘Wf a’@‘i‘gh MerS V’él B’bttfgaqasgﬁ)gge{nsf®?89@%9Cr s X.
wavel engt h used changes from 700 run to 400nm spheri cal rrati on

wWill O agmiﬁé@tre@kubgueﬁy groapr dt is flot camreeted sufﬁglﬁslﬂbfehpté’ﬂe"at?érsﬁ

t he

suffices to nove th

wavelengths. FIG. 25 shows the wave-front aberration observed when both the space
between the lens groups of the objective lens and the space between the lens groups
of aberration-correcting lens group are adjusted, thereby correcting the wave-ffont
aberration with high precision. As can be understood from FIG. 25, the aberration is
sufficiently suppressed even if the wavelength changes to 400 nm.

FIG. 26 shows how the space between the lens groups of the aberration-
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 same
time, the space between the lens groups of the aberration-correcting lens group anci 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 to 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 hi gh-precision correction of aberration. Such high-

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

Mh-on,

it



aberration-correcting |l ens group by a predeterm ned distance as is
illustrated in FIG 24. 45 As seen fromFI G 24, the wave-front aberration
caused by a change in the wavel ength used is corrected nmuch nore than in
the case there is provided no aberration-correcting lens group. It is not
corrected sufficiently, however, at4§hort- wavel engths. FIG 25 shows the
wave-front aberration observed when both the space between the |ens groups

of the objective lens and the space between .the | ens g :

aber rcht&tlmlnb'dﬁr\é%‘(qlﬁ1@ﬁéﬁ§dg€6‘u§5‘élt e gmngchgw,mg frECE 15)3 t@% ?erﬁlesg ? F‘llr}(gi hee
wave-front aberration with high precision. As can be understood fromFI G
25, tihe igheonatdean bescorsedted biyaht lapesapiphesstastiangdans gretHz2\i@¢el engt h
changes to 400 nm FIG 26 shows how the space between the |ens groups of
the aberrail qu-cle R (1Y dbRe Béuiptivd ihfun opcel headaempiisingeas groups
of the objective I'ens change. An extrenely conplex structure would be

required to adjyst, at.the sane.ti t ups of
the ABBeeHAYS g?ﬁ}-s Iu&@ilq{ée|@H§er&%{§§3gﬁgg§9ﬁg%€§§ﬂ§%ﬂ%§p \I/\l/eéelﬁrét(ﬁe %ﬁg gr oups
of the objective lens change. Hence, it is desirable to ag la% thﬁ changes
i n t hgroapecant sufficsdmlyn conrect Gphesical rebeBIioRd] ifisThg T el g ram $hE neen
the I ens groups of the objective | ens beforehand, and then to adjust the
SpacqnahefAReHns B or€Bs e 8k andfalddiehrabeaticatlicaration; Heuty, nesuleng fipmaup,
thereby correcting the remaining aberration. In the present enbodi nent,
both the space;. t f t pddnton @nsp@vidé he space
bet wet ‘{Sﬁeoa{]cihgﬁg oupg 0 %1@3%2@@ |}gn'-rg:lg?rr%§céﬂtng | ens gr%up are

ad) usﬁe%gfdi%(é%%g%dusc%g gp{)}él%tt]usp that has SUcli 8h rc)%fiu;lol?ea(?if aberration. Such high-
Thus, the present invention can serve to enhance the recording density and

storage capacity of an optical recording medium.



preci sion correction can be effectively applied also to the case where not
only the 46 change in the wavel ength used, but al so the manufacturing
error of the lenses and the Ilike is too large to be corrected by the
aberration-correcting lens group alone. As is clear fromthe above
description, in an optical head conpjj sing an objective lens having a

| arge nunerical aperture of 0.8, an aberration-correcting lens group can
sufficiently correct spherical abﬁi%g%gsn, if any, resulting fromthe
manuf acturing errors or the |ike, so chromatic aberration, if any,
resulting from the use of a Iight source of a short wavel ength. The
present inyenti dm epticgrwaddbacteraoad by sgmupieiuci ng apparatus that has
such an optical head. Thus, the present invention can serve to enhance the
recordi ng QHﬁﬁEMuﬁﬂp storage capacity of an optical recording nmedium 47
CLAIM5 1. An“optical 'head characterized by conprising: a light source; an

obj ective | ens .conposed of at |east .t I d I il
aperture oPnaﬁsl’JP%té‘éq ?ﬁ?%ﬁ?ll@ﬁsﬁcg@?r%{t];ég%t- @8@?@% m%lt?\glralggl 8Hgﬁgéfrlgﬁlged
between the |ight source and the objective |ens and conposed of a positive
| ens gpempreaofiatdenstdhBlie 1 ens group; wherein the aberration-correcting

| ens group corrects spherical aberration occurring at each optical surface

of an opti galabewmstienc@sedimpras goetprerangéd bpossen the lightseu
negative | ens group which constitute the aberration-correcting |ens
objective lens and composed of a positive lens group and a negative lens group;
wherein the aberration-correcting lens group corrects spherical aberration
occurring at each optical surface of an optical system, as a space between the positive

lens group and negative lens group which constitute the aberration-correcting lens
group is changed in an axial direction.

2. The optical head according to claim 1, clraracterized—by further
comprising an actuator for changing the space between the positive lens group and
negative lens group which constitute the aberration-correcting lens group, in an axial

direction.

3. The optical head according to claim 1, eharacterized-in-that the objective
lens is composed of two groups each consisting of at least two lenses.

4. The optical head according to claim 3, characterized—by further
comprising an actuator for changing the space between the positive lens group and
negative lens group which constitute the aberration-correcting lens group, in an axial

direction.



group is changed in an axial direction. 2. The optical head according to
claim1l, chaiacterized--by further conprising an actuator for changing the
space between the positive lens group and negative |ens group which
constitute the aberration-correcting lens group, in an axial direction. 3
The optical head according to clain1$, ahA: : AGMzed4*4kat the objective- -
| ens is conposed of two groups each 4 onsisting of at least two | enses. 4

The optical head according to claim3 trri x -
;;)gplrol si ggs,an aCheatporcal hcad:laa&@idilggtth@thgg{a ora‘ i Z%ﬁ%@%&?ﬁ \}ieghtens
up an negative |lens group which constitute the aberration- ti
Icfa gls rﬁ%ri‘%‘gﬁs % %%%tg;@%@zgg r 1?%%2%&%]11 elzlﬂlﬁsir?&.wﬂ'\lrﬁiemgﬂliQf&It llm&49é§g:ti]‘i%ﬁgl tn g
_ ) -ar a --1-R e light source is a sem conductor |as
c _ er
ng\égn jg&iig@ SS"8h@gﬁ%&‘%@%%a@ﬁag@g&mg% ABbe htimbepbifacinazn 96énat i s
_ Vi ng an e RNunber of at nost 95.0 at d line
and has a focal distance of afL) I]east 1.4 d L SLE Ak ctin
: gggtdgném;ur?éi hammﬂ%nbtd@hst?rgc%lo atlaasté4 @M{flﬁgabraéﬁrai@oé nung(gl?ggéfl{sgt ?
_ an e nunber of at nmost 35. 6. The optjcal h i
to cl gllrggﬁpS's @&hgaﬁ@bfaqﬁﬁimﬂemmmag anchhbe inleﬂljrg}fj %39&%&6 aggfa%rd' "

chang the space between the positive |l ens group and negative |ens group

mggﬁ%@ﬁsﬁ%ﬂ%ﬁ%{‘%ﬁlp@@ﬁ ation-correcting lens group, in an axial

a space i'cal "head according to claimb5, GhaFa4ter4ze44n-th-at
6. The optical head according to claim 5, characterized-by further

comprising an actuator for changing the space between the positive lens group and

negative lens group which constitute the aberration-correcting lens group, in an axial

direction.

7. The optical head according to claim 5, characterized-in-that a space
between the lens groups which constitute the objective lens is changed in an axial
direction to correct the spherical aberration occurring at each optical surface of the
optical system, in cooperation with the aberration-correcting lens group.

8. The optical head according to claim 7, characterized—by- further
comprising an actuator for changing, in the axial direction, the space between the
positive lens group and negative lens group which constitute the aberration-correcting
lens group and the space between the lens groups which constitute the objective lens.

9. A recording/reproducing apparatus characterized by comprising:

a light source;

an objective lens composed of at least two lenses and having a numerical



hetween the | ens groups which constitute the objective lens is changed in
an axial direction to correct the spherical aberration occurring at each
optical surface of the optical system in cooperation with the
aberration-correcting lens group. 8. The optical bead according to claim?7,
ch-aracteriztd --- by- further conpig sing an actuator for changing, in the
axial direction, the space between the positive |ens group and negative

| ens group mh'cn cQ Ebtute the aberration-correcting 1|ens group and the
spacemﬁﬁﬂmﬁﬁfqtsaﬁgi groups which constitute the objective lens. 9. A
recordi ng/ reproduci ng appar at us ch2racteri€dg%é conpri . sin ali sour ce;

; i
an obj ect i up aberratioonpuuseding lens grapsATANES e Hllgé\t/i%ﬁﬁrcfaﬁ W cal 49
aperture of at least 0.80; an aberration-correcting | ens group arranged

bet wegp;dchi®e!léand eUhfiRsBA G lahositdly Reksigreup and samgpativepesegraip;a positive

| ens grooup and a negative | ens group; an actuator for changing a space

bet ween the _paositiy [ Iifhn&@disdd t ut e
the aber r agpannipt B TRDEMEL S RAhARRERIKE pos % EACHR M nER

phot osensor for detect] ngﬂ?l I gght .beam em Iteld from_ the | |%rnh %gﬂrﬁe,

f ocus bans group Mhiihgerstityte the RYCHANGH-COFTEENS 'FREGIWPA Y L ETATENG"PEf | ect ed
by the optical recording nedium wherein the aberration-correcting |ens

groupgfidrrects spherical aberration occurring at each optical surface of
an optical system as a space between the positive |ens group and negative

 ens group ulhj FhsdrRBF Firl dbtectinea BRAE badhemicedrfeahithgligersource, focused
by the objective lens on an optical recording medium and reflected by the optical
recording medium,
wherein the aberration-correcting lens group corrects spherical aberration
occurring at each optical surface of an optical system, as a space between the positive
lens group and negative lens group which constitute the aberration-correcting lens
group is changed in an axial direction.
10.  Therecording/reproducing apparatus according to claim 9, r:l-rar@'izeﬂ
-t that the objective lens is composed of two groups each consisting of at least two
lenses.
11.  Therecording/reproducing apparatus according to claim9, c‘har@a’
—trrtiat 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 lens group is composed of a positive lens having an Abbe number of at least



group is changed in an axial direction. 10. The recordi ng/reproducing
apparatus according to claim9, drjrqE | ~nze~d -fffTIMthe objective |ens
i s conposed of two groups each consisting of at |east two | enses. 11. The
r-ecor di ng/ repr oduci ng apparatus according to claim9, dnr"i~z~
--in-th-aTthe light source is a semsgonductor |aser having an emi ssion
wavel ength of at nost 440 nm the objective lens is made of vitreous

mat erj al havi ng .an . Abbe nunber f a d Iine and has a foca
di st én%@Jﬁﬁgpgﬁé?nﬁﬁﬁwqﬁha"dﬁhg?Hgﬁg%g%&§?$3%¥%§0rrecting l ens group is
conposed of a positive |ens having an Abbe nunber. of at |east 5 55 and a
negative | Ehs h&hengcardipgbepiodnstle appaiaiuinaccaging 50 clgim 11, Sharal>
recordi ng/ reproduci ng apparatus according to claim11, eIgA:qc-ﬂ _

ter a-rpliDa i hakhe £PFER hatwesnht fend @oapswhipk cohstitute drsobjestive déres 1s
objegtlve l'ens 1s~ changed in the axiaF direction to correct the spherical
aberragtion occyrring at i IRGi0APsEGRHNEYRtkh 1 n
coop anged W Epﬂgl gﬁS&ﬁgélit%%B yg%?g%??él%aﬁgarllgdﬁ)eg%glgp and t%e act uat or
changes, in the axial direction, not only the SfaC€ bet.ween th? Rgﬁitive
| ens qptica) surface e§the Qpilqadsysteiloie aRRCEMIQWAhithe pRerrglion-correcting
aberration-correcting |ens group, but also the space between the |ens

gr oupgrotlp, ahd e ativatireclianges i elot avial direeison, 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.



