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an optical'disc substrate Is tilted in the condensing

surface of an optical recording medium, such as an optical disc.

"The recent tendency in the package ﬁedia such as a recording
device for a compuper or package media for music or picture
information is towards a h{gher information recording density.
Among the methods for high récording density, there is a method
of increasing the numerical aperture of an objective lens for
diminishing tﬁe diametér of a light spot condensed on the disc.

Assumiﬁg that. information signals recorded with a high
recording density as information pits are to be reproduced by
the optical pickup deviée, sméll—sized recording marks can be
reproduced if the spot diametef is decreased, thus achieving high
recording density.

If the numerical aperture of the obﬁective lens ié
increased, manufacture of the objective lens itself becomes.
difficult.
| If an optical disc substrate is tilfed in the-condensing
light, coma'aber?ation is 'produced. This coma aberration is
increased if the numerical aperture NA of the objective }ens is
increasedi For example,-thé third—-order coma aberration W31 and

the fifth-order coma aberration W;; are represented by the



Kight, coma aberration is produced.. This coma aberration is increased if
%t he nunerical aperture NA of the objective lens is increased. For exanple,
the third-order coma aberration WB1 and the fifth-order coma aberration
W are represented by the , 2 equations (1) and (2): [err] where t is
the disc thickness, Nis the refractive #ndex of the disc, NAis the -
nuneri cal epertigns ¢flx Fdbdj2ctive lens and [err] is the skew of the
optical disc. Thus it is seen that the coma aberration is in-conformty to’
the size of the numerical aperture NA. phatq,is,, if the nunmerical
aperture of the objective |lens i 8 ficge 5, fiﬁémtol erance val ue of the -

pl anarity of the optical disc, that of orthogonality between the optical

di sc and the disc nounting '

o bl (N -1) (N +3) 5 -
Wsy 5 * P 0+NA

.(2)
where t is the disc thickness, N is the ‘refractive index of the
disc, NA is the numerical aperture of the objective lens and ©
is the skew of the optical disc.

Thus it is seen that the coma aberration is in conformity
to the size of the numerical aperture NA. That is, if the
numerical aperture of the objective lens 1is increased, the
_tolerance value of the planarity of the optical disc, that of
orthégonality between the 6ptical disc and the disc mounting
surface and that of feed precision of the opticgl pickup device

. are diminished:

If, for example, the thickne§s of the optical disc gubstrate
is 1.2 mm, the refractive index of the optical disc substrate is
1.52 and the wavelength of the light from thehlight source is 532
nm, with thé tolerance value of the RMS wavefront aberration
produced.due to‘disc skew in case of employing only the objective

lens being 0.05 A, the toleraﬂce value for the skew is decreased



surface and that-~of feed precision of the optical pickup device are

di mnished. I1f, for exanple, the thickness of the optical disc substrate is
1.2 mm the refractive index of the optical disc substrate is 1.52 and the
wavel ength of the light fromthe |light source is 532 nm wth the tol erance
val ue of the RMB wavefront aberration prgduced due to disc skew in.case of
enpl oyi ng omith Harcolgaset | e Hrendpeimigal. @pefraurk ephethel ebimeckivel Lenfor
the skew is decreased . 3 with increase in the nunerical aperture of the
obj ective | &, SB8YNshbhn Fiign 8rj g. §hus TRysSkey sRERFCELIPR MG 2MSThahPEm

for correctin the skew needs to . be, K added us. resultin N .
di sadvant agecsogﬁrrfacr(}dé’tg aﬁgesi SESW| Y8R ¢ ﬁiockﬁgss?%&?he“b‘ﬁ i 5§Isgdit§83 1n
substrate i sdpégds‘jaq&ét&es RLe3%tPed 4 ange, @ spherical aberration WO is
pr.oduced. - ) : | .

If the thickness of the optical disc substrate is outside

the pfeScribed range, a spherical aberration ww is produced.

This spherical aberration Wy, is given by

NA*

: At N? -1
W4°'= "—8"*_—_'

N3

.(3)
indicating that the spherical aberration is in conformity to the
magnitude of the numerical'aperpure NA! That is, if the numerical
aperture of the objective leng is ihcreased, spherical aﬁerfation
‘is produced, so that disc thickness needs tb be ﬁanaged strictly
thus raising difficulties in ppoduétion yiéld and cost.

OBJECT AND SUMMARY OE THE INVENTION |

It_is-an object of the present invention to.pfﬁvide an
optical pickup device in which the diameter of the épot formed
on the optical recording Imedium is diminished, with the
.generation of coma aberration being made irrelevant to the
increase in the,nﬁmérical gperture of the.objective lené, for
realizing high information recording &nd reproducing density. .

In one a$pect, the present invention brovides an qptical

pickup device for collecting the light from a light source on a



This spherical aberration WO is given by [err] indicating that the
sbherical aberration is in conformty to the magnitude of the nunerical
aperture NA. That is, if the numerical aperture of the objective lens is

i ncreased, spherical aberration is produced, so that disc thickness needs
.to be managed strictly thus raising difficCulties in production yield and

. cost. OBJECT $N3 SUMPRRYLICE THETfRYENTPON 4r jeptirabj emcqfdinge puedent

i nvention to proyide an opti cal pickup device in which the dianeter of the
spot for med B YHE&FS 8P SteBoraing T nRBi BRt i ke 98 nids IR Vas tifnsheaving
generation of rratiQn _being. made, i.rrelevant,. to the incre se_ig
t he nuner i caglpl%g’e%t %lragfg?tet %&‘%ﬁengapwﬁgf FHIOTEANE AGfg U gRd having .
i nformati on, rRGEArHNG 373 ct§RE0GHEERY density, In o . esent
i.nvention pr ovi_dess an eopt i_ccal pi ckup’dev‘—’ll csel]?/doerr col Irbgocntaflsi%gﬁ{eﬁ ' (23R
_Iight SOur Cghérechvex lens and for “sliding in

cdntact with the -optical recording ﬁediﬁm, and 'thrusting
-supporting means for thrusting the slider : into.sliding
supporting contact with said optical recording medium.

.In'another aspect, the present invention provides an optical
pickup device for collecting the'light from a light source on a
signal recording surface of an optical recording surface
including at least a set of object lenses, a convex lens having
a planar surface facing ;he optical recording mediumiand having
a pre—set refractive index, slider configured for fixing
the convex lens and for being floated over the optical'recording
medium, and floating-suppofting means for floating and supporting
the -slider over the optical recording medium.

Since the refractive index of the convex lens is set so as
to be edual to that 6f the optical recording medium, a laser
light having a reduced sp;t diameter may be éondensed at a pre-

. set position of an information recérding.layér of fhe optical
recording mediﬁm.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1l is a schematic view showing an embodiment of an

opfical pickup device according to the present invention.

e light froma



.4 signal recording surface of an optical recording surface including at

’l east a set of object |enses, a convex |ens having *a planar surface facing
t he opt.ical recording nedium and having a pre-set refractive index, a
slider configured for fixing the convex lens and for sliding in contact
with the optical recording nmedium and t$rusting supporting nmeans for
thrusting the dliigd@ is a detaileidntvdesd isthiomgnguppopbiingtivat etswsyhtemi d
optical recording nedium In another aspect, the present invention provides
an opti cal®hitdleugmpedigenitosheyn éet Fag-the |ight froma |ight source on a
-si gnal recordiQ% syrface of an optical recording surface including. at |east
a set of object ¥&rtsé§, 2aP tHMVEEY SRR AF RPHFEhETE dFitadESEER| R Re
optical.reco&qug medi um and having a pre-set refractive index,  slider
configuredj?or iXing the convex lens and for being floated over the

optical recordigng nedi s @ dd 0at iigeSYRRYN bipRG tTRRNS £ Ofné 885 LEY: fRd
supporting '
lens.

Fig.5 illustrates the operation of the objective lens system
shpwn in Fig.2. |

Fig.6 1is a graph showing spherical aberration plotted

' against e¥rors in disc thickness.

Fig.7 is a detailed view of an objective lens system of a
modification of the -bptical pickup device according to the
present invention. .

Fig.8 \is _a graph showing the tolerance .values of skew
plotted against the numerical aperture of an objectivé léné of
a conventional optical pickup dévice;

" DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the draQings, illustrative embodiments of the
preseﬁt invention will be explained in detail.

The optical piékup device of the instant embodiﬁent is
configured for reproducing information signels pre-recorded with
high recording density 'on a signal recording surfaﬁe of an
opiical disc which is among' the opticalx recording media.
Referring to Figs.1l and 2, the oppical pickup device includes at

least a set of objective lenses 7, and a semi—spherical lens 9,._



the slider over the optical recording nedium Since the refractive
Fndex of the convex lens is set so as to be equal to that of the optical
recording medium a laser |ight having a reduced spot dianeter may be
condensed at a pre- set posifion of an information recording |ayer of the
optical recording medium BRI EF DESCRI PTI®ON OF THE DRAWNGS Fig.1 is a
schenmat i ¢ wWrAWhS MW a1 di TDDsH STedE 2 Obrans Pt Fefitapt Dkalpitidas Cieaaicenrai ng

to the present. invention. 5 Fig.2. is a detailed view showi.ng an
obj ective |sarfamesfbnfadinde renbpdiieitdshovdd . i nTRegeRt i d8lg rd ckypadpy bee
vi ew showi ng an objective |lens systemshown in Fig.2. Fig.4 illustrates a

nunmeri cal &ﬂéﬁ{dp@l§ﬁ8§hé %bjggﬂikkahaving a semi-spherical lens 9 secured
thereto and a spfing plate ‘13 as pressing and supporting means
for pressing the slider 12 into sliding supporting contact with
the opticgl disc 20. The semi—spherical lens 9 is configured for
haviﬁg a sliding contact with the optical'disc 20.
The-optical pickup devicg of the instant embodiment also
'inclﬁdes a corfecting plate 8 between the objective lens 7 and
the semi-—spherical lens 9. The correct;on plate 8 operates-as
correction méaﬁs for correcting the laser light beam incident on
the ijective lens 7 from a iight source into a spherical wave
laser light beam qenteréd abqut alpre-set position of'a signal
-fecording surface 20a of the optical disc 20.
The overall construction of the above-described optical
pickup device is expiained by referring to Fig;l. The optical
_ pickup device qauSés a laser light beaq from & laser diode 1 as
the light'sodrce to fall on an objectivé lens system 6 via a
grating 2, a polarized beam splitter 3. a duarter wave plate 4
and a ;ollimator lens 5, for illuminating the light beam on the
signal recording surface 20a of the opgical disc 20 by the
objective lens system 6. The optical piékup device thén conducts -
the return light from the signal recording surface 20 via a light
condensing lens 10 on a photodefector 11, as 1light defecéion

means, for reproducing information signals.



lens. Fig.5 illustrates the operation of the objective | ens system shown in
Fig.2. Fig.6 is a graph show ng spherical aberration plotted against errors
in disc thickness. Fig.7 is a detailed view of an objective |ens system of
a nodification of the optical pickup device according to the present
invention. Fig.8 is a graph showing the 7ol erance values of skew plotted
agai nst the nunenécainaperpuierpteanlabpectliigat! ®ramof raddanedantfiroralthe
opti cal pickup. device. DESCRIPTI ON OF THE. PREFERRED EMBCODI MENTS Referri ng
to the drahkags,diedestratsvei biadiednty biie tawa s ehtandvatisenuentlly be
explained in detail. The optical pickup device of the instant enbodi nent

i s configufEgnFBEt e RRRYERY Hhe okdriigsdsbgaa SPPpLetpECHrIR ™% th ffilgh
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converted by the quarter wave plate 4 into a cifcular polarized
iight. The circular polapized light thus produced is collimated
by the éollimdtor lens 5 to a collimated beam which ié incident
on the objective.lens system 6.
| This objective lens system 6 includes thé objective lens 7,
cofréction.pLate'B and the semi-spherical lens 9 and illuminates
a point F on the signal recording surface 20a of the optical disc
20 with the lasérjlight beam without'producing optical path
difference. The correction plate 8 corrects the incident laser
light so thﬁt the incident 1laser light beam incident_on the
objective lens 7 will become a spherical wave lasef light beam
substantially éentered about_thé point F at a time point the
"incident laser light beam incident on the objective lens 7 is
fadiated from_the.correction plate 8. The semi—spheri¢al lens
9 is made up of a spherical surface and the planar surface 9b and
has its center of curvature substantially édincident with the
ﬁoint F. | |
Figs.2 and 3 show a detailed construction of the'oﬁjective
lens system 6 in a cross—sectional §iew and in a schematic view
looking from the optical disc 20, respectively.

The objective lens 7 and the correction plate 8 are fixed -



Referring to Figs.1 and 2, the optical pickup device includes at |east a
set of objective lenses 7, and a sem -spherical lens 9, 6 which is a.
convex lens of a pre-set. refractive index having a surface 9b facing the
optical disc 20. The optical pickup device also includes a slider 12 having
a sem -spherical lens 9 secured thereto &d a spring plate 13 as pressing
and suppor timn@ redres Yeorrer ebsi agdt aee stodetrdPnedit bo SkacdhngtBeppot thage
contact with the optical disc 20. The sem -spherical lens 9 is configured
for ‘havi ng h&vdingdi 3y céseaee wit hfreaedopt iioalanl séipect vwes opt B pelcktlp
device of the inst nt enbgdlnent al so includes _a correcting plate 8 between

the obj ect iR qﬁéﬁ? 718§ Phis seRULsthdia e péhded 12 Thfhosidderoh2 prade 8
Rty Lt R Rl TR T R R
that the slider and the lens barrel have the degree of freedom
of translatory-moyement with respect to the direction of the
plate thickness of the optical disc 20 and the degree of freedom
of tilting movement_for following up with the tilting movement
of the optical-discizo. The slider 12 is pressed against tﬁe
optical disc 20 by the spring plate 13 so that the sliding
surface 12a of the slider iz will be 'in slidiné contact with a
light inpident surface 20b of the optical disc 20. The spring
plate 13 laéks in the degree of. freedom of movement in a
-ldirection.parallél to the light incident surface 20b so that no
position shiff is produced in the objective.lens 7 and the semi-
spherical lens 9 relative to.the directioh'paraliel to the light
incident surface 20b. The slider 12 has a sliding surface 12a
substantially parallel to the planar surface 9b of the semi-—
spherical lens 9, with the sliding surface 12a ana the planar
surface 9b bging subsfantially co-planar except in an area of
contact of the semi—spherical lens 9 with the optical disc 20.
In effect, the planar surface 9b of the semi—sphericél lens 9 is
spaced a distﬁnée of approkimétely se&eral micrometers frdm the
sliding surface 12a of fhe'slider 12..

The operation of the objective lens system 6 is hereinafter



| aser |ight beam centered about a pre-set position of a signal recording
surface 20a of the optical disc 20. The overall construction of the
above-descri bed optical pickup device is explained by referring to Fig. 1.
The optical pickup device causes a |aser |ight beamfroma |aser diode 1 as
the light source to fall on an objective Bens system6 via a grating 2, a
pol ari zed beamssipladter 3. a quarter wave plate 4 and a collimator |ens 5,
for illummnating the Iight beamon the signal recording surface 20a of the
opti cal disc 20 He thesegbjldatity @daand neyisieam GroMhéheptircak piokepldewi ee
then conducfs the return light fromthe signal recording surface 20 via a
I'i ght condehs§iHy BSEHECE0 °Bn thephebdeiet bre orlens, As iS5 gRendersedi Gy mbhAs,
for reproducli’ ng t|1nJ orﬂggsi op ngnaI $: 7 hThteh | i near thI ari zle'd I asser | i ght
beam radi a?e rorﬁt H as to reac e correction p ate . The
o copréction plate 8 has its plate thickness and refractive index
set so that, at a time point when the converged laser light beam
is radiated from the correction plate 8, the converged laser
light becomes a spherical wave centered about the point F. The
semi-spherical lens 9 has its radius of curvature substantially
coincident with the’ point F. The refractive indices of the
optical disc 20 and the semi-spherical lens 9 are pre—-set so as
to be substantially equal to each other. Thus the laser light
beam radiated from the correction plate 8 is incident on the-
spherical surface 9a of the semi—-spherical lens 9 in a direction
perpendicular thereto and is converged at the point F so as to
become a spherical wave centered about the point F.
The objective lens has a numerical aperture NA = sin 9,
where 6 is an angle the 6bject lens subtends at the minimum size
 spot Spip» s shown in Fig.4. The numerical aperture NA of the
objective lens 6 is Nsin®, where © is the refractive index of
each of the semi~circular lens 9 and the optiéal disc 20. Thus,
_by employing the objective lens system- 6, the spot diameter
_becomes equal to 1/N of the spot diameter obtained with the

objective lens 7; thus increasing the reproducing density of the

optical disc 20.



| aser diode 1, is diffracted by the grating 2 and subsequently transmtted
t'hrough the pol arized beamsplitter 3 so as to fall on the quarter wave
plate 4. The diffracted |l aser light is converted by the quarter wave plate
4 into a circular polarized light. The circul ar pol arized |ight .thus
produced is collimated by the collimator1lPens 5 to a collinmated beam which
i s incident on thffedyjidtd i Ve FéasSsyshemapermtiionolsfectheeobénst syet dan6

i ncl udes the ob'eg;iv lens 7, correction plate 8 and the sem -spheri cal
lens 9 and st’fsitd%ﬁ mat é"g‘eé‘ pOthOBE iG3 1t Ké S&i ifali sr desrldingg SelradEe2ba shet he
optical disg 20 wth t.he Laser.light beam w.t hou roduci ng optical path
di f f er ence. é“%%r?gggiokgpr%fe ‘%ofﬁé@ﬁ%lfﬁe ﬁﬁgfdeﬁt | se EFFQHF¥§8P

that the ingigehind@ser |ight beamincident on the objective lens 7 will
beconme a spherical wave | aser |ight beam substantially centered about the

point F at a tinef paetophecdncagdentapaser thigb Peamtipei €8NtnenobRcal
objective lens 7 is radiated fromthe correction plate 8. The '

sen - spheri@als |lgns the sspwpidez uplagfe a3sphridesalt heurslaed nandutchecp! 89ar ot
surface 9b and _ '

_ the slider 12 to be kept in sliding contact with the light
incident surface 20b of fhe optical disc 20, so that the center
of curvaturé of the semi—;pherical lens 8 1is substantially
coincident with the optical axis Lo of the objective -lens 7.
Thus the laser light ﬁeam radiated from the correction plate 8
is incident on the spherical éurface 9a of the semi-—-spherical
lens 9 in a perpendicular direction without ﬁroducing light path
length differences. Thus there is produced no coma aberratibn
despite the numerical aperture Nsinﬁ_«af- tﬁe objective lens
system. The résult is that the tolerance values for warping
‘'during disc molding Qnd ﬁarping by moisturé absorption may be
increasea thus increasing the production yield and the degree of-
freedom in selection of the disc material. The tolerance"valué
of the orthogonality between. the optical axis and the disc
mounting surface in the opﬁical disc dfive and the tolerance
value of fhe-pickup feed accuracy may be inéreased whilg the
thical .disc drive may be réduced in production cdst. In

addition, since there is no necessity of appending a disc skew

correction mechanism in the optical disc drive, the optical



has its center of curvature substantially coincident with the point F.
‘Figs.2 and 3 show a detailed construction of the objective |l ens system®6 in.
a cross-sectional view-and in a schematic view looking fromthe optical
di sc 20, respectively. The objective lens_7 and the -correction plate 8 are
fixed in a tube barrel 14 and are condtrained to each other without
havi ng anyp detptmredef.iée e@@oymben maduakd ecti shge anfihevesaghnit- agpheslsal ihens
9 is secured to the slider 12. The slider 12 and the |lens barrel 14 are
i nt er conneRTXH YL Ah&EOr PRE LI Re ng I mpyetyedhan eprratiaid! a8d iehé Liéks
barrel- have the é}leﬁree of freedom of translatory novenent, with respect to

t

the direction o & gtat e2BAPERAS LS the Bng‘&ﬁ?tﬂi dQiskngss (He 8BGree
of freedo Pty v r foll.owi ng u L1th the tilting _nmoyenent
of the op?%xg%f&dil sdclr%O% $%Oé F%%rbylftl "r esgg\é\ﬂéﬁaﬁanag’tus[ R& cdrVBEuTe

of the semi—-spherical lens 9 is a2 mm, a difference in spherical

aberration:W'm ascribable to the objective lens system 6'is

given by:

W 0=

Z .

(@) (N-)SD
B~ ..o(4)

where N'is a réfractive index of'each'of the semi-spherical lens
9 and the optical disc ZO?

Referring to Fig.6, the spherical aberration W’w shown in
;he equation (4) i§ compared to the spherical aberration Wy
shown in Fig.3. Fig.s shows a curve representing changes in the
spherical aberration W’M or wm.relatiﬁe to the variation At of
the substraté thickness for ihe substrate thickness of 1.2 mm,
refractivg index N of 1.52 and the wavelength A of the 1light
source of 532 nm. The radius of curvature of the semi-spherical
lens 9@ of the objective lens system 6 is 1.5 mm. In Fig.G, the
abscissa'and the ordinate stand for disc thickness variation
(error) At mm and the spherical aberration, respectiveiy.

The spherical éberration_ww shown by the equation (3).is
found on the assumption‘that the converging system forlthe laser
light on thé objective lens is made up only of fhe objective

lens. Specifically, the numerical aperture NA of the objective



optical disc 20 by the spring plate 13 so that the sliding surface 12a  of
the slider 12 will be in sliding contact with a Iight incident surface 20b
of the optical disc 20. The spring plate 13 lacks in the degree of freedom
of nmovement in a direction parallel to the light incident surface 20b so
that no position shift is produced in t]n% objective lens .7 and the sem -
spherical Yedtfs 69 isglsgiti ¢@ ttoot Hd laisteetive patues edf t®- Theand ¢ghi84 nci dent
surface 20b. The slider 12 has a sliding surface 12a substantial ly parall el

to the planar S a‘é’é‘@b‘c@f tFRe TR Lo e dFl fnd P wibR AREVBPEPRg

surface 1 nd t | 8 surfac 9b be| n sub tantially Ianar except
in an arezzat&}’oafat coht ac? th %\S%e ér cBFAT el I} E}h t(’aJ%p'ilcal G'dc

20. In effgntoeqd B rsl@erwn%aﬁf@cetﬁg 8l e 06 SRifle fr—ﬁsafaqr agakthﬁewo'fsfﬁgaced

a di stance of approximately several m Croneters omthe sliding surface

ﬁZa of }P%&jédieirve]@en;hgygﬂéﬂaﬁ'1@ns@f: thawpiectikyeat e0s \Sﬂﬁl@ﬁb@ bSss
er ei na er

and 0.84.

if, for example, At is wvaried 0.01 ﬁm, the spherical
aberration Ey t;or NA. = 055 exceeds 0.075 A. The spherical
aberration E“ for NA = 0.84 fer exceeds 0.3 A. Conversely, the
spherical aberration W’w-for NA = 0.55 and 0.84 is 0.01 A or
less. In particular, the spherical aberration W'40 for NA = 0.84
only slightly exceeds 0.05 A e;en if At is 0.03 mm.

Thus, with the optical éickup device of the. instant
embodiment, in which the abeve—mentioned objective lens system
6 is employed as a converging system and in which the distance
between the optical disc 20 and the surface .of the semi-—-

_ spherlcal lens facing the optical disc 20 is malntalned constant,
the tolerance value for errors in the dlSC substrate thickness
may be- significantly increased as- compared to the case of.
employing-only the conventional objeetive lens, thus improving
the production yield of the optical disc.

The optical pickup device of the present invention is not
limited to the above-described eﬁbodiment. For example, the
6bject lens system 6 may be centigured as shown in Fig.7. An

optical pickup device employing an objective lens system 16 shown



expl ai ned. . The | aser light beamincident fromthe |aser diode 1 as a |ight
*source on the objective lens 7 is converged by the objective lens 7 so as
to reach the correction plate 8. The correction plate 8 has its plate

t hi ckness and refractive index set so that, at a time point when the
converged | aser light beamis radiated #Bomthe correction plate 8, the
conver gedipabg - Tiightnoweesmisined @ nalifhded embadinantapduthe erpuinkt F.

. The sem -spherical- lens 9 has its radius of curvature substantially

coi nci dent*XEPhiPRe TPBi fPnptrughion &t ARt PRRSEHYI BRI bFcathi@ropts e di sc
20 and the _sem -spherical .lens 9 are pre-set so as.to be substantjal

equal to &38R o?%e&%a'fhugftht 9 288 °P$§ﬁ?§besamwrnad?3t d & ronttREP ortl'%ection
plate 8 igi:nGi t h ri,cal r 9a .of e e eri . | ens
9 in adi ?’gélgfgggegerlﬁn%i gﬂ ggﬁt ﬁgr e%rg&laﬁgﬁgg ?osnvg%gec?s'(g{patlagapor}eﬁ[taé SO
as to becgpecarspheii,cal wave centered about the point F. The objective

| ens has a nunerical aperture NA = sin [err],
: The objective lens system 16 is of substantially the same

congtruction-as the objéctive lens system shown in Fig.2 and
hence the same components of the oﬁjéct- lens system 16 are
specified by the séme numerais. The object lens system 16 shown
in Fig.7 differs from the objective lens system 6 shown in Fig.2
only with fespect to thé shgpe and the operation of a slider 15.
The present object lens system 16 is made up of an objective
lens 7, a correctioﬁ plate 8, a semi;spherical lens 9, a slider
15, a plate spring 13 and a lens'barrel 14. Tﬁe objective lens
7, correction plate 8 and the lens barrel 14 are constrained in
:all direcfions without having any degreé of freedom. The lens
barrel 14 and the slider 15§ are.interconnected'by the spring
plate 13 and have the degree of freedom of translatory movement
in a direction a%ong.the plate tﬁickness of the disc 20 and of
tilting movemeni in a direction of following up with the tilt of
" the disc 20.
The slider 15 is formed with an incision directed towards
thé disc 20 for defining an air inlet 15b. The slider 15 has a
slide surface 15a which, on rotation of the disc 20, generates

a floating force by a viscous film of air generated on the



where [err] is an angle the object |ens subtends at the m ninum size spot
-{err] as shown in Fig.4. The nunerical aperture NA of the objective |lens 6
is Nsin,. where [err] is the refractive index of each of the sem -circular
|l ens 9 and t he optical disc 20. Thus, npl oyi ng the objective | ens

system 6, <ihg SPQl dhaMagE ?@CQ{;‘E&} e%‘iﬁf 59 ¢hdl Ofg thEin%HQten@' a0t

obtained wth the objective | ens I nCreasi ng t he reproduci ng gen5|ty

of the optiesl disis 2roatingl O Rfeeriy rlQh ufiilgb2iubh@ieperakbi @Araktihg
objective |l ens system 6, when the optical disc 20 is inclined relative to

the opticaforexisxettoed by the s@bjiagt pYatel @Bs so7,that sahed ot nBdger is -
.explained. If the optical disc 20 is tilted relative to the optical axis
Lo, the spformpdlteiteverd - ddugsed idkessrfdcaglSardmte2sugfface 20b of the
disc 20. This causes the slide 15 to be floated so as to
substantially follow up with the disc surface. The spring plate

13 does not have the degree of freedom of franslatory movement

in a direction parallel to the disc surface s0 that no position

shift will be produced in a direction parallel to the objective

lens 7 and the plane 9b of the semi—spherical lens 9. In

addition, the slide éurface 15a of the slide 15 and the surface

9b of the semi—spherical surface 9 are substantially paréllel to

each other and are substantially co;planar in an area in which

the semi—spherical lens 9 is not contacted with phe'aisc 20.

Since the operation of the.bﬁjective lens system 16 is the

same as that of the objective lens system—S 6f the.previous
embodimgnt, the reprodﬁcing density of the optical disc 20 may

be increased even with the Qse of the optical pickup deviée
.employing the objeﬁtive lens system 16. Since the tolefance for

warping during molding of th§ disc or warping due to moisigre
absprption may be incréased, the pfoduction vield or the degree.

of freedom in selecting the disc material may be increased. On

" the other hand, the tolerance value for the opthogonality between

the optical axis and the Aisc mounting surface in the optical

disc drive or the tolerance for pickup feed accuracy may be



-~ the slider 12 to be kept in sliding contact with the |Iight incident
Surface 20b of the optical disc 20, so that the center of curvature of the
sem -spherical lens 9 is substantially coincident with the 'optical axis Lo
of the objective lens' 7. Thus.the | aseridight beamradiated fromthe
correction plate. 8 |s incident on the spherical surface 9a of the
seni-spheﬁW5§FafgﬂstbuFnrﬁdb%f%%nﬁ?%mﬁ%ﬁt(ﬂ?eﬁﬁ?(ﬂPHMGPHoGﬂSﬁrSHﬂEan Enght
pat h | eng i.f.fere . there is produced no conm, aberration despite
t he nuner%%a té%gftgggﬁﬁbgﬂg§eofstﬁg Sﬁfgéffgé Pgngpgﬁg?éﬂ$ & Ghecr 8EBYt i s

that the ldaicanadnvAbURanioh WAr RhA0LAUILRY AiSE HRLGLNOLAOUANGIRLNGDY
moi sture absorption may be iIncreased thus L ncreasing thé production yield
~and the degreeedlickaeedam tdscel £6di Ofe Pint Ne wdii96 MlShizal imphEvER! €fgnce
val ue of the orthogonality between. the optical axis and the disc nounting
surface i wpehretdpnedakredisbidiitye Zhd tbeetrahetanaguwakoe etrbhe phcCkne
feed accuracy may be increased while the optical disc drive nmay be
reduced i4issr 8B4EKNPBAS BYBtbe inlcreadeidt tbns shprevimerthe yieddnetedssey of

appendi ng a disc skew
PP gmanufa%ture.

Although the diameter of the light spot formed on the signal
recording surface of the optical disc is reduced in the instant
embodiment, the recordipg density may similarly be improved if
the magnetic'field is modulated as the light spot is_réduéed in

diameter.



correction ptlcal di sc drive, the optical pi ckup

devi ce may ;mmmmﬂm" mgm and wei ght and also in production cost while
bei ng i nprovéd £n bpetatsiomal .reliability. It is now assunmed that -t he
substrate thlckness of the optical disc @ is varied by At nm If the

radi us of Qg_{ vat I I}em spherical -lens 9 is a nmm a difference in
spheri cal erratlo r scribable to the objective lens system®6 is

' b dex h f th h |
oL ven oy (ep ) é‘ﬁ??‘gﬁ“ﬁs WGBSR e PO Ol SAE T D) PERL - BRORT 208
aberrati on Wgx sBewecen bhe e@%%%hg'i‘ (f%coxléupgm@%rr?gc%o bhe 4 phSBE‘E@al

aberration Wshown in Fig.3. Fig shows a curve representing chan
t he spheri oadcatEmatsualt dead,r compirilse@hgl relative to the variation At of

at least g.set of object lenses' a convex lerns having a
planar surféce facing the optical recording medium'and_ﬂaving a
pre—-set refractive index; | .

a slider -configured for fixing said convex lens and for.

-sliding in | - ‘contact with the optical

recording medium; and

thrusting supporting means for thrusting and s@pporting the

slider into sliding contact with said optical fec&rding
medium. -
2. The optical.recbrding medium as claimed in claim 1 further
comprising corrgction means arranged between said objective lens
and_said convex lens fér correcting the light incident on said
objective lens from the 1light source iﬁto a spherical wave
centered about a pre-sef position on a signal recording surface
of the optical recsrding medium.
3. An optical pickup devide for cblLecting the light from a
light ‘source on a signal recording surfdée of an optical
reéording surface, comprising:

at least a set of objéct lenées;

a convex lens having a plﬁnar surface'facing the optical

recording medium and having a pre-set refractive index;

'\-
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the substrate thickness for the substrate thickness of 1.2 mm refractive
i'ndex N of 1Tﬂgiﬁﬁ@"lﬂ#u lmuength [err] of the light source of 532 nm The
-radius of cu L Ot #8en - spherical lens 9 of the objective |lens

system6 is 1.5 mnm In Fig.6, the abscigga and the ordinate stand for disc

thi ckness variation (error) At mmand the sgheyi cal aberration, '
respectively. Ehelsistaxrical aparfrigured §@0 sholws 59 idhecrygratliens s far

found on the .assunption that the convergjng systemfor the |aser |ight on
the obj ect ib\‘?é“lge:'ﬁlrs{gﬁéegraaéeﬁpsﬁh?y06?“E%ie g‘b‘f%’c‘%‘i% fegiamiss0di fically, the
nunerical apert yn f | ective: 12 lens .6 J et..to t .
Illustrative va:fl’jgsawg\f]go.ségg%ggi-rggégfa%efosrpht]elrﬂ%?é?]glaggrar tzsiflpg?]rpge)?ﬁ Sﬁ“sd

found on tdhg fgsunpti ogvkhakatBe,ONYL] - &b SYRIEMd S uiRde up of the

‘obj ective lens system®6. Specifically, the overall nunerical aperture NA

of the 4. The optical recording medium as claimed in claim 3 furth'er
comprising c<->rre_ction_ means arranged between said objective lens
.a.nd said convex lens for_ correcting the light incident on said
objective léns from the 1light source into a spherical wave
centered about a pre—-set position on a signal recording surface
of the opfical recording medium.
5. The _opti_cal recording medium as claimed in c.la.i_m 3 wherein

said - sIider is floated by intake of air generated on

rotation of said optical recording medium via an air inlet.

This §
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objective lens system6 is set to two illustrative values of 0.55 and 0. 84.
I'f, for exanple, At is varied 0.01 mm the spherical aberration E40 for NA
= 0.55 exceeds 0.075 [err]. The spherical aberration [err] for NA = 0.84
far exceeds 0.3 X. Conversely, the'spheé'cal aberration [err] for NA =

0.55 and 0. gprread. PXcke® beTcEeSs. I n particular, the spherical
. aberration W40 for NA = 0.84 only slightly exceeds 0.05 [err] even if At

is 0.03 mMmaBgmmacTW th the optical pickup device of the instant.
enbodi ment, in which the above-nentioned objective |l ens system6 is

enpl oyed as a coxverpgt igebysiekupndeyicevhich tbedenstagcehbelligbh frbohea
optical disc 20 and the surface of the sem - spherical lens facing the
optical di stigmt | $owdict aPRe® cSrignadt , reperdbngr snvad aggl ueff o eopdisailn
‘the disc substrate thickness may be significantly. increased _ ‘as conpared
to the caseT®FOTEF dYFHFBnISHIhésc oy @RLILGAAI ddBFect i de IR SPhgE ical

ot ool o8t hgnd gEutherRotRlad ickle WiRR Mo I0Pe00L' 68! BLPEPan
o optical disé 20 and has a pre—set'refractiye index. The optical
pickup deviée alsd has a slider 12 adaptea for seéuring the lens
9 and for being in sliding contact with an optical disc 20, and
a spring plate 13 adapted for thrusting and supporting the.slider
in sliding contact with the optical disc 20. With the optical
pickup &evice, high density reproduction may Be realized, while
the tolerance value for warping during disc molding or.the_
tolerance value for warping due to moisturé absorption may.be

increased. 1In addition, the production yield and the degree of

freedom in selecting the disc materials may be improved.

FIGURE 1



limted to the above-described enbodi nent. For exanple, the object |lens
system 6 may be configured as shown in Fig.7. An optical pickup device
enpl oyi ng an objective | ens system 16 shown 13 in Fig.7. is now

expl ained as a nodified enbodi nrent of the present invention. The
construction of the present nodification is the same as that of the

enbodi ment shown in Fig.1l except the obj&#6éive | ens system 16 and hence is
not expl ai ned herein specifically. The objective |lens system 16 is of
substantially.the sane construction as the objective |ens system shown in
Fig.2 and hence the sane conponents of the object |lens system 16 are .
specified by the sane nunerals. The object |ens system 16 shown in Fig.7
differs fromthe objective | ens system 6 shown in Fig. 2 only with respect
to the shape and the operation of a sllder 15.

20
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The present object |lens system 16 is nade up of an objective lens 7, a
~correction plate 8, a sem -spherical lens 9, a slider 15, a plate spring 13
and a |l ensbarrel 14. The objective lens 7, correction plate 8 and the |ens
barrel 14 are constrained in ,all directions w thout having any degree of
freedom The lens barrel 14 and the slider 15 are interconnected by the
spring plate 13 and have the degree of f2f&dom of translatory novenent in a
direction along the plate thickness of the disc 20 and of tilting novenent
in adirection of following up with the tilt of the disc 20. The slider' 15
is formed wth an incision directed towards the disc 20 for defining an air
inlet 15b.” The -slider 15 has a slide surface 15a which, on rotation of the
di sc 20, generates a floating force by| ~a viscoug filmof air generated on .
t he 14 ] :




surface of the disc 20 on the side of the light incident surface 20b. This
floating force is in equilibriumw th the thrusting force exerted by the
spring plate 13 so that an air layer is forned between the slide surface .
15a and the surface 20b of the disc 20. This causes the slide 15 to be
floated so as'to substantially follow up with the disc surface. The spring
pl ate 13 does.not have the degree of fredd®m of translatory novenent in a

direction parallel to the disc surface so that no position shift will be
produced in a direction parallel to the objective lens 7 and the plane 9b
of the sem -spherical Iens 9. In addition, the slide surface 15a of the

slide 15 and the surface 9b of the sem - spherlcal surface 9 are
substantially parallel to each other and are substantially co- pl anar in an
area in which the seni-spherical lens 9 is not contacted with the disc 20.
Since the operation of the objectlve ns system 16 is the sane as that of-
the objective lens system6 of the p VIOUS enbodi nent, the reproducing
‘density of the optical di 0_mayXbe i ncreased even with the use of the

optical pickup device H Smin

NA=sin6

FIG.4




enpl oyi ng the objective |ens systen116 Slnce t he tol erance for warping
during nolding of the disc or warping due to noisture absorption may be

i ncreased, the production yield or the degree. of freedomin selecting the
di sc materi al may be increased. On the other hand, the tol erance value for
the orthogonal ity between the optical axiggeand the disc nounting surface in
the optical disc drive or the tolerance for pickup feed accuracy may be

15 increased thus reducing the cost of the optical disc drive. In addition,
since there is no necessity of appending a disc skew correction nmechani sm
in the optical disc drive, the device nmay be reduced in cost and wei ght,
whil e being inproved in operational reliability. The tol erance val ue for.
errors in the disc thlckness may be |ncreased thus inproving the yield of

di sc manuf act ure. 0.3
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Al though the di anmet.er of the |ight spot forned on the signal recording
surface. of the optical disc is reduced in the instant enbodi nent, the
recording density may simlarly be i.nproved if the nmagnetic field is
nodul ated as the |ight spot is reduced in dianeter. REPLACEMENT SHEETS
SG 1. An optical pickup device for collecting the light froma |ight
source on a signal recording surface of a®/@ptical recording surface,
conprising: an first object lens; a lens barrel holding said first object
| ens; a second object |ens disposing between said optical recordi ng nmedi um
and said first object lens; a slider configured for fixing said second
obj ect lens and for slldlng in contact with the optical recordi ng nmedi um
t hrusting supportlng means for connecting said Iens barrel with said

q W]
~ /7 | ‘20
13 /5a/20:a\,5b ?

5 .

FIG.7
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g) ider, and for supporting said slider into sliding contact with said
optical recording nedium 2. The optical pickup device as clainmed in
claim1 further conprising correction neans arranged between said first
object | ens and said second object lens for correcting the |ight incident
on said object 1éns fromthe |light source into a spherical wave centered
about a pre-set position on a signal rec®/® ng surface of the optica

recordi ng medi um 3. An optical pickup device for collecting-the |light
“froma light source on a signal recording surface of an optical recording
surface, conprising: an first object lens; * - a lens barrel holding said

first object lens; a second object |ens disposing between said optical
recordi ng medi um and said first object lens; a slider configured for fixing
. said. second object lens and for being floated over the optical recording -
-medi um floating supporting nmeans for connecting said lens barrel wth said
slider, and for suppobtfm f i —e—opt di ng nmedi um
4, The optical picky e as claimed in claim3 further {conprising

45
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corre@t i on rrean“swalﬁvéﬂgedl‘(bq?v\een said first
obj«ect | ens. for correcting the light inciden

from t he H-ght—soturece—into—a spherical wave|c
posi tion on _ is the repl acement kimésit e

surface of ”!mmiwﬂmwd' ng nedi um 5. Em/l@s(s) tpdgepi, th@pn:ﬁi%
clainmed in c said slider is fl ogtléblsmyt [ nipdgedof'tgl

sald second

generated on rotation of said optical rggor¢ling mediumvia an ai r

What is claimed is: - DATE OF RECEIPT.. ¥4 ‘17
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1. An optical pickup device for collecting the hght from a hght source on
a signal recording surface of an optical recording surface, comprising:

an first object lens; '

a lens barrel holding said first object lens;

a second object lens disposing between said opticél recording medium.

and said first object lens; _
a slider configured for fixing said second object lens and for sliding in contact
with the optical recording medium; _
thrusting supporting means for connecting said-lens barrel with said

slider, and for supporting said slider into sliding contact with said optical

recording medium.
2. The optical pickup device as claimed in claim 1 further comprising
correction means arranged between said first object lens and said second
object lens for correcting the light incident on said object lens from the light
source into a spherical wave centered about a pre-set position on a signal
recording surface of the optical recording medium.
3. An optical pickup device for collecting the light from a light source on
a signal recording surface of an optical recordmg surface, comprising:

an first object lens;

a lens barrel holding said first object Iens;

a second object lens disposing between said optical recording medium

and said first object lens;
a slider configured for fixing said second object lens and for being floated
over the optical recording medium;
floating supporting means for connecting said lens barrel with said slider, and
for supporting said slider over said optical recording medium.
4, The optical pickup device as claimed in claim 3 further comprising
correction means arranged between said first object lens and said second
object lens for correcting the light incident on said first object lens from the

light source into a spherical wave centered about a pre-set position on a signal

This is the replacement sheet
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recording surface of the optical recording medium.
S. The optical pickup device as claimed in claim 3 wherein said slider is
floated by intake of air generated on rotation of said optical recording medium

via an air inlet.
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