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BACKGROUND OF THE INVENTION 1. Field of the Invention The presenf 8 3En20&h
relates to an optical pickup device, and nore particularly, to an optical

pi ckup device which can record/reproduce information at high density by
enploying a solid imersion lens (SIL).. 2. Description of the Related Art
Referring to FIG 1 show ng a conventi dhal optical pickup devi cﬂllmmmlm”w""lumlm
recordi ng/ reproducing informati on at high density, light emtte

light module 1 is incident onto a SIL 10 by a reflection nmenber 5 angdss
focused by the SIL 10 to for DPPRRALPICKUP DEVIGEY pl ane of a di sk
19. The light nmodule 1 includes a 1ight source, neans for convj}i wm#*uywmmmmm
traveling path of incident |ight and a photodetector for recei

light reflected fromthe recording plane of the disk 19. The refl ec¢6lo®n
menber 5 nmakes fine changes to the incidence angle of incident Iight so as

to performmnute tracking i e _positio gﬁ)t beam spot forned
on the disk 19 little by |im&éﬂﬁugh0%ofﬁél§& RN to a slider 15

lifting fromthe. di LB range of several tens of nanoneters by an
air beari ng' eff@g?d \%ﬁtehrl?glpkgmtéé}gk 19 rotates. An incident surface 10a of the

SIL 10 is curvefhé prédurt ihvasition retitéetd ahicpticalpiek@dediceUah@esorkOb of the
SIL 10, facing the disk 19, is planar. The size of the beam spot forned on
t he di sk 19artignlapy, touas opticaldlickup deyiee avitiehicar recorfixeproduce . information. at.
....... g g e e o g 0 1) Where A j he wavel ength of |ight
enitted frB'HP&‘%WS&KPV%UP'&XE"%BOW’P@‘?{%"ﬁ%ﬂﬁa@&& aperture of the |ight
focusi ng mpans. p&bgptidnofthdHelbfed AHUCE the size of 2 a ~cT Zoo2 2 a
beém spot for high-density recording/reproduction, the wavel ength of I|ight
- nmust be reducedRefertihg tofrh@r il shiowing: ataongentienallopticacpicksedevidgeviever , t he
maxi mum nuneri cal  aperture theoreticall vailable in.air is a Xi ely
S nce HeoufingueBiodsig nftitiedon ggh 385ty doBt emided A BBhESiodie
t he refracgi; i h i e lisEsHdy | ght 1At he
SIL 10 and'gt'ﬁgd{e |skO%SieLq3gﬁgﬁlg@fcﬁo\ﬁ\h%%wbibgscdﬁvp§rf§d to @gbﬁaﬁ% ?cﬁ?ﬂ??? SO
t hat the nfomara behmegpott on @ recotdieg Planel 6f adigk t®spect to t he wavel engt h of
light emtted froma |ight source, i.e.,.~ is greater than gr equal to 1,
t her eby reduci nfjh? I'f@hgi“g’ uley ?t"l'fgu%%%ﬁﬁgbb?‘?”rﬂér eangdokeenvesting @ taveling
refractive,i LA i : ; jve
il m for pPapanndbeR{ide i pRBtddRtedtol 7 BEETIngiing Jht Rinetied AbfiFic
recording plane of the disk 19.

The reflection member 5 makes fine changes to the incidence angle of
incident light so as to perform minute tracking by moving the position of the beam
spot formed on the disk 19 little by little.

) The SIL 10 is supported to a slider 15 lifting from the disk 19 in the range of
several tens of nanometers by an air bearing effect when the disk 19 rotates. An
incident surface 10a of the SIL 10 is curved to thus focus incident light whereas a
surface 10b of the SIL 10, facing the disk 19, is planar.

The size of the beam spot formed on the disk 19 can be substantially

represented as:

A
2NA

where A is the wavelength of light emitted from a light source, and NA is the

numerical aperture of the light focusing means. Thus, in order to reduce the size of



As descri bed -above, if the SIL 10 is enpl oyed, since the distance between
the SIL 10 and the disk 19 is maintained in the range of several ggnﬂcpfzgnz
nanoneters due to an air bearing effect while the disk 19 rotates, the beam
spot is not exposed to the air and thus the nunerical aperture is greater
than or equal to 1, thereby reducing the size of the beam spot. However) as
descri bed above, the SIL 10 having one turved surface cannot renove both
spheri cal atheamaspotfoshiyhcdersibirecoedingieproduction ithesvakslengthtafdighb onustre

pher | cal e ordhe Aupescd BRBUBIe MUskBe dieroRed oW EE Py B
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i nci dent | i ght. SHoésthetdigfacemObodkthedBILOI0 isSvedp BRysettedhaldisk1¢9, whbh thé
which is incident obliquely and is focused by the SIL 10, as shown in FlGs.
2 and 3. |reftagdiveindeot the il adbisina, tte warelsngthiof lightéuthe8IL 10 and the
hem spherically, the co aberration is renoved but defocusing and
spherical aberration st4ll exist. As described above, since an optical
recordi ng/ reproduci ng apparatus enploying the SIL 10 is very sensitive to
tilt to thdiskdénequale c@nawﬂiﬂ‘risa:tdnmaredttoiequaﬁog(ﬁi),fsbitbat thetnurhebicak at e

t he sane. Conventionally, as shown in FIG 4, an optical pickup device

havi ng a focusing objective |lens 7 separately installed between the |ight

nodul e 1 aapertire dithe Sliz 19 wthy resimeet to e wayelesgth of lighs swaitted framiaslights e,

P and e STo%0 Seh,BOreEaT TR EL 8Lt fifele Bl B hcnb he SR hER Yoarnce

the opti cabpdii Ghere, 4y EAE1OMEs e ﬂ%k‘,ti@é%dﬁi@\ﬂhidﬂﬂ@@uﬁ@@ﬂtiﬂﬂﬁfb@@?ﬁﬁi §/hsattem

f
- enploy two lTenses, that is, the objective lens 7 and the S
becones cooba protentivenfilnk for rEolGRY tioe racardingvelnme oflitie diskl 1& t he above

problenms, it is,an, obj.ectivye of. _the_.present invention to provide an optical
bi ckup devi ce. vAPAIFeLUbABALEYRLY sl S5 emploat. sitedBrtdinAghe bEieRls a
hi gh nuner jeas|LaP¢ bhHtRe AfskeF ImBfmtaineath ehetatedbr S8Rshf téns of nanometers

recordi ng/ reproduction) while being sinple and conpact by enploying a

si ngl e | endue iz apraii beanng eectomiite/thet diek 480otatesjtbethieam) spokisanadtexposedded
an optical, pickup deyi ce,includi.ng a |jght nodyle for emttin i ght and
ecervi ng 19 BRaard fufstre unetCRaherhitads BiRAter e Sl . Meteby; on

l ens (SIL) é@% J | i cal path between the |ight nodul e and
t he recordE ng dtlh(ljyn?wg%g éae?ﬁgl pl anar surface facing the recording

medi um and a pl Hoalevey, ax deddribedi atedviey thel Sie dO havirar ese bamietgs ufddeccamot
radii of curvature, so as.t e symmetrical wth respect  to a central axis
on 1 51 nolatinte BEY ST aRFeRtonanticora pheltalieel SNeB TS, ¥ Fifhe
modul e, T o cfdint SuAEc NBal STThE EIL 1018 féﬁn;;t@a][w&mv@dbsa@h%wincmea_zr, feer ding

pl ane of the recording nedium The radius of curvature of an ellipse
posi t i onedsjteeridad abetration candeEnteradvenk i doweveanitge elliptiaally banvedfsuafacel 10pse

posk ti oned_nearer than the central axis. BRI EF, DESCRI PTI THE DRAW NGS
The above EBFbWﬁicoénﬁﬁ@%§HG%|rﬂ E@'%'strﬁ@ogyfegéjé)rﬂs ’?WVS@LF%%?FIS'%COHE
nore appar : i L : j ther W th
ot or once. £ SPIAALELBGEs VEHTEndlt ) fl @ of FRRRHTER TR e lyr am
i I'lustratiagma ab@nretion is geneogted @ thelightuP1 dehicle & inajaeipt eblidudly @imddensi ty
recording/reproduction; FIG 2 is a diagramillustrating a solid imrersion
ens (S L) fostspaPadhe S0, asishoarm i i 283 de ILHeMRCRIRNEPEsfage 108 of the

SIL 10 is curved hemispherically, the coma aberration is removed but defocusing

and spherical aberration still exist.

As described above, since an optical recording/reproducing apparatus
employing the SIL 10 is very sensitive to tilt to thus generate coma aberration, it is
very difficult to fabricate the same.

Conventionally, as shown in FIG. 4, an optical pickup device having a

focusing objective lens 7 separately installed between the light module 1 and the SIL



2 8 CCT ~2DD2 4 FIG 3 is a diagram schematically illustrating a bgaﬁngmoquuz
focused by the SIL enployed in the optical pickup device showmn in FIG 1,
FI'G 4 is a schematic diagramillustrating another exanple of a
conventional optical pickup device capable of high-density

recordi ng/ reproduction; FIG 5 is a schematic diagramillustrating an
optical pickup device capabl e of high-d%nsity recor di ng/ reproduction

accor di ng t1@ has kegrogropasedofintthis qasesspherical @abetration NG, caana abgrigitiograne
illustrating a sqlid, imersion |egs L) oyed in.the optical pickup
devi ce. shodAmPHeRbu ihe Biaeive Jens 7 o e b T R 18 indT st e Bhatirice! o
beam spot f : i j el | own in
PG 5 andPR/Ee g bueley Sited (R AR bRAPRelite Hating i dRorERie sl o
devi ce capabhfigwiatibh shustermploy twedensks) thatedp) ihdushjéctivedlens 7oamd the SHndOher
enbodi mrent of the present invention. DESCRI PTION OF THE PREFERRED

EVBODI MENT $hareysier becarsescompiex and bptkiyeal pi ckup device according to an
enbodi ment of the present invention includes a |light nodule 21 for emtting
| ight and receiving light reflected froma recording nmedium119, and a solid
imersion lens (SIL) nenber 3GGIRAOREDE THE INVENTIONPAt h bet ween t he

|l i ght nodul e 21 and t he recor rg—eaum3O—-Hie—t+ght nodul e 21 can be a

| i ght nmodul e enfflocsadde the abowepoiiernsait isoph iobiEctige of dipe peasent irrehtiomctoudes
a light source (not shown means (not shown% fqr converti nr?q:it he traveljng

path of i nfir%‘é‘?ﬁ ap;opiical a%huad&m';@d%ipad% BPt pERRIIG A filtraf @%%ﬁ Nahh%@nd ght
ot eal “arRORABE i FigeA apertik W eblotatclirion RRpRathaly vat | 10

optical path conver _ con rng “means may be a
bedm spl i t t@gordingreppodition, ddile beingrSiepie landestrepadbyf @epReing adingiatiens.
l'ight and forns a beam spot on the recording El ane of the recordi ng medi um
19. An i nci dent Asgprdinaly3to aghieve thg abevarpbiective.ithereisnrevidedmn ephcald f or

bl ane of « RGBSRl R85! Mttle b Ru iR ARFecBhng fighCfigeied
recordi ng Hfh Hfeddrditg Meduri| ane a solid imneerEiotPieAs FSIL) rhbirber diplisedh)arf he
i nci dent surface 33, as showmn in FIG 6) has a plural |é% of elliptically

curved _sur}@ﬁ_@%'h@b b&we%mm&ghtrrgodfbrmﬂte fegardingm \ldvxata@déwwgag t]? be
curvatur o R SUERRRIGt o e reGRYY mdhin sbu A LR SEptpukaf tileler o

the centralsufstss havingediffielent Fadl of citPaiblrd sBREIBIb3SyMmEtncaltvith respect to a

elliptically curved surface as described above generates little spherical
aber r at i on centiabaxis endtscionideabsvifage thwhish the light i incisient fronithe lightgnedule,

Therefore, ,a hown .in. El €l I I S LNEi - | i W th
respect tof?rﬁggg?'ﬂgéé%i?%@q‘gsh&P%Eodls'g%tbfa ‘gﬂ# %E%fn%‘ gé.lﬁ’lg'g%ﬁﬁ B%E'Fa‘g@héhovm in
FIG 7. Thee&rHi glurd0 i s supported by a slider 35, as shown in FIG 5.
The SIL nmenber 30 and the slider 35 are lifted slightly fromthe recording
medi um 19 by an Therragis ofrepreatuse of an elipsecpenitonechigsther thanthe eeptialdXxisrsl 9
rot)ates. The Sltnmenbafr 30 has substt ant; al I% &he ane rteflracti ve i ndex as
that of a [.lﬁrQFE a‘r\/tg Pfﬂ{‘fe&psﬁr%‘?s’é&q gn?% r 'é%rb ?\"E}ﬂ'ﬁﬁé&of t he

recordi ng medium 19, and the principle of increasing the numerical aperture
by enmpl oying the SIL nenber 30 has been descri bed above with reference to
FIG 1 and an expl anati on BRIEFeEBESGRIPTI@NoQTt tRHd DRAWINGS

The above objective and advantages of the present invention will become

more apparent by describing in detail a preferred embodiment thereof with reference
to the attached drawings in which:

FIG. 1 is a schematic diagram illustrating a conventional optical pickup device
capable of high-density recording/reproduction;

FIG. 2 is a diagram illustrating a solid immersion lens (SlIL) employed in the

optical pickup device shown in FIG. 1,



Preferably, a reflection nenber 25 for adjusting a tilt of inci demﬁ iiﬂ}t
is additionally provided on an optical path between the |ight nod 24802
the SIL nenber 30. An incidence angle of |light incident onto the SIL nmenber
30 can be changed mnutely by rotating the reflection nenber 25. Thus,

m nute tracking can be perforned by chaggi ng the position of the beam spot
formed on the recording medium 19 little by little. According to the

present inventi &6iG. Bys amiagramsgchersatiallyriusiratingoa haaimgpat fptused by yheSIL
ellipticall urved surfaces,. occurrence of co berration can be

suppr essede\élp?%)ﬁﬂi'f‘ tfﬂﬁéﬁ&é%&?%%%@@% |”c'g'?3'g|i’ckup devi ce enpl oying a
conventional SI 19 )i I : i IO

devi ce accordi nglébgé%%tsﬁé&g#%%%ﬁ? fll'gsﬁ?ﬁrgg glr"gtsheeﬁfx?ﬁ"\f)gﬁ)? %ﬁé%nl?re{ﬁﬁgﬁal

i ncl udes aspigdlipicdup ddce d8pabletafiHigitdensityregurding/repasductionyeen the |ight
nmodul e 21 and the SIL nenber 30) for transmtting light. The optical fiber
40 is a channel FiGr5ig asshematisgliagrgm illustating aniapiisel pisksup deyice: eapakde of L

menber 30 and fromthe Sl.L nenber 30 to the |jght dule 21, 2 8 OCT
2002 6 pr oDlel s hereGptinalfERTBRbetan o el afBiedife ot B preseit
recordi ng/ frﬁ/%hﬂgHCi ng apparatus is facilitated and m nute tracking area can
be wi dened. Since the optical pickup device according to the present

i nvention enpl oF§Ga6 ¢ agliagrairiillostrding baolidgnmersiondens ySibf) eshploped dathey
curved surfaces, .the overal| devi is sinplified and conpact. Also) the
optical pi ERW'MKW@@%%@WB@PHGWI ess affected by comm aberration so

that it is not Shtd : I ARG o i i
area is i ncreasg@' ?A}iés%%l@?ﬁ@ﬂé%%&@%ﬂ%&é‘l@%ﬁ%}h u?gé?%@gggﬁﬁiggqﬁé Sh
eqial to lenipleyet incthefoptichbpiokspdevicarsHosv RO S; dnlder eby enabl i ng

hi gh-density recordi ng/ reproduction of an information signal. = 2 8 OCT
200Z What is cF¥pn@dis pschemalis diagragyillustrating apaptisal elél%wﬂgwmzca@aqlgm

rodi um - andGE-4ie e ditindieproRRgABs ot o SotGeh Stk SEFRIARREnt
bet ween t hgyeh@ibh. nodul e and t he recordi ng nmedium and having a pl anar

surface facing the recording nediumand a plurality of elliptically curved
surfaces having different radii of curvature so as to be symetrical with

respect to a central i i alel RirG tight is

incident fromthe 1|i ﬁébﬁfﬂﬁ’ﬂl@ﬁ&?cﬁg%ﬁﬁéﬁiﬁ?m (gt[f Mé&:ﬁ$ to form a
beam spot on a Reférridgte MGABEaAfoptidal piekap deniteditording 18 anlébedimért of
pi ckup device according to claim1, wherein the radius of curvature of an

el i pse pothe preseat inventien incledes adigbtmadalle Ztifer emitting foht andreeaivingdighan
ellipse po?e'f}e'c e fjropne rrgcr:orhnwagnmte%ﬁnﬁ e|rét ra%lcl 841’ immersion lens (SIL) member 30
disposed in an optical path between the light module 21 and the recording medium

19.

The light module 21 can be a light module employed in a conventional optical
pickup device and includes a light source (not shown), means (not shown) for
converting the traveling path of incident light, and a photodetector (not shown) for
receiving light reflected from the recording medium 19 and having passed through
the optical path converting means. The optical path converting means may be a
beam splitter or a hologram device.

The SIL member 30 focuses incident light and forms a beam spot on the
recording plane of the recording medium 19. An incident surface 33 of the SIL
member 30 is formed to be curved for focusing incident light from the light module
21 to land on the recording plane of the recording medium 19. Also, another surface

31 facing the recording medium 19 is made plane.



3. The optical pickup device according to claim1, further conprisi nﬁ a

refl ection menber installed on the optical path between the Iight @o@iud€l 2002
and the SIL nenber, for adjusting a tilt of incident light. 4. The optical

pi ckup device according to claim1, further conprising an optical fiber
installed on the optical path between the |l i ght nodul e and the SIL nenber,

for transm’tting | i ght therebetween. 72 AU . A'y. A@Y. ASlI . A& A(. A0120| c
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10968 () - gﬁ?& ()-Y 110%& ()-F &109%& ()-11 109B& () - TNaB_@ F3 #-
109%6& () - FSHT0%& ()- s109& ()-Y

10%& () -! K 109GheSiL(member BO%e &u ))oNéd%y@ sid&a35L ststadwn i FIG. 5. The SIL
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member 30 has substantially the same refractive index as that of a protective film for
protecting the recording plane of the recording medium 19, and the principle of
increasing the numerical aperture by employing the SIL member 30 has been
described above with reference to FIG. 1 and an explanation thereof will be omitted.

Preferably, a reflection member 25 for adjusting a tilt of incident light is
additionally provided on an optical path between the light module 21 and the SIL
member 30. An incidence angle of light incident onto the SIL member 30 can be
changed minutely by rotating the reflection member 25. Thus, minute tracking can
be performed by changing the position of the beam spot formed on the recording
medium 19 little by little.

According to the present invention, by employing the SIL member 30 having a
plurality of elliptically curved surfaces, occurrence of coma aberration can be
suppressed by about 1/3, compared to the optical pickup device employing a
conventional SIL (10 of FIG. 1).

Referring to FIG. 8, an optical pickup device according to another
embodiment of the present invention further includes an optical fiber 40 installed on
an optical path between the light module 21 and the SIL member 30, for transmitting
light. The optical fiber 40 is a channel for transmitting light from the light module 21
to the SIL member 30 and from the SIL member 30 to the light module 21. By
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?1(00/;) & ’Eg ( zzg% iﬂ'n%e/\ﬂé gg%%éﬁ}gléﬁlfq &iéw?,‘? %&%}fﬂlé%g%eler@sénf invention employs a
single SIL member having a plurality of elliptically curved surfaces, the overall device
is simplified and compact. Also, the optical pickup device is considerably less
affected by coma aberration so that it is not sensitive to a tilt of incident light and
minute tracking area is increased. Also, since the numeral aperture is greater than

or equal to 1, the size of a beam spot can be reduced, thereby enabling high-density
recording/reproduction of an information signal.
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" #$9R' () *+, - . / @5pld Bemegsiondens (SIL) member disposed in an optical path between the
light module and the recording medium, and having a planar surface facing the
recording medium and a plurality of elliptically curved surfaces having different radii
of curvature so as to be symmetrical with respect to a central axis on its incident
surface to which the light is incident from the light module, for focusing the incident

light to form a beam spot on a recording plane of the recording medium.

2. The optical pickup device according to claim 1, wherein the radius of
curvature of an ellipse positioned farther than the central axis is larger than that of

an ellipse positioned nearer than the central axis.

3. The optical pickup device according to claim 1, further comprising a
reflection member installed on the optical path between the light module and the SIL

member, for adjusting a tilt of incident light.

4, The optical pickup device according to claim 1, further comprising an
optical fiber installed on the optical path between the light module and the SIL

member, for transmitting light therebetween.



