;e3e{za{\\]_. 6 6&aTzat {3 DESCRI PTI ON OPTI CAL HEAD AND DRI VI NG APPARATUS

. FOR OPTI CAL RECORDI NG MEDI UM TECHNI CAL FI ELD The present in el ongs
to a technical field for recording information and reproducﬂmﬂwm{imgmml’HLan
optical recording nmedium Particularly, the invention rel at
sui tably used for achieving high-density recordi ng by increasi ntsafee
nuneri cal aperture of an objective lens for focusing a | aser beam
BACKGROUND ART In recent years, there has been a demand for increasing the
recording density of a rewr it abl eDEBSGRIRTEN as a phasechange type opti cal
di sc or a magneto-optical disc in order to enable recording a | arge anount
of dat a GRRICALs HAAD AFDvDPBRIYINGt APRARATUS FOR rGRIEIGA]: (RECORDINGt MEDIUMt he
disc. This increase in recording density is realized by naking small of the
spot si TBCHNI@AL aBEELIbeam irradi ating a signal-recording surface of the
optical disc. It is known that the spot size (d) in the order near the
wavel ength ~, ofhéhprésert hewentimr deliongst aa aetechnieali fhgedf dormati on
t heory, can be determ ned fromthe wavel ength ~, and the nunerical aperture
NA OI tb@ﬁ?ﬂﬂﬁ@l yefoanstion it yptoduddnigaser ubeag & épeid#l | owi ng
equati on

recording medium. Particularly, the invention relates to what

is suitably uséd for achieving high-density recording by
increasing the numerical aperture of aﬁ objective lens for
focusing a laser beam.
BACKGROUND ART

In recent years, there has been a demand for increasing
the recording density of a rewritable disc such as a phase-
change type optical disc or a magneto-optical disc in order to
enable recording a large amount of data such as moving-video
data without increasing the diameter of the disc. This increase
in recording density is realized by making small of the spot
size of a laser beam irradiating a signal-recording surface of
the optical disc.

It is known that the spot size (d) in the order near the

wavelength A of the laser beam, according to the Fourier image

formation theory, can be determined from the wavelength A and

the numerical'aperture NA of the objective lens for focusing the

laser beam by the following equation (1).

d=1.22 «- A/NA ... (1)
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d=1.22 ~/NA... (1) Accordi ngly, the shorter the wavel ength of the
. laser beamis and the greater-the nunerical aperture of the objective |lens
"is, the smaller the spot size becones. This nmakes it possible to increase
the recording density. As a nethod of increasing the nunerical aperture,
there is known a nethod using a solid imrersion lens. Stating in ternms of
its principle, as illustrated in FIG |A, this nethod di sposes, between an
objective lens 61 and an optical disc 62, a solid imersion lens (SIL) 63
whose surfaces Reee¥dingly odjhe tshartegnshel vanglepgtbapf dtke 3ser e a
spherical surface 63a and a flat surface 63b, respectively and causes a

| aser bbeamLi$aand e gprehten dgh nunerdbpécapertieasoblthe obgjedtdaie y
enter the spherical surface 63a of the SIL 63 and to focus on a central
porti onlefist he, ftlxd smallare thieb spatssikzegbehates. r ephits amdked hiet refracti ve
index of the SIL 63, the nunerical aperture (effective numerical aperture)
of a | epesgibly tonticteasy afhe hecokijddny denkédg.61 and the SIL 63 becones
ntines as great as the nunerical aperture of the objective lens 61 itself.

However, the neafog métisd Ut | Ihdrfdawigrd the aameeitht ghéeelireyp thewms i cal
aperture to becone as nz tines as great as that of the objective |lens 61 by

sat i sfyi 89xh&&n CONMBERQN uAingpld BMALIKC ipewsiBH déngescri bed below. To this
end, as illustrated in FIG 1IB, the nethod causes the | aser beam L that has

passed through khg: plof et i M sr Gk %ﬁ'ﬂc& lbbea§pﬁfiﬁ§@:}:a@ed Syrface 63a

of the SIL 63 at an 1nhcidence angle different fromthe angle vertical to

this Sp?gai CRh Seﬁi%qse‘ggqa &i@;;o%% causiadnt B bﬂgﬁ%?g‘?@gaﬁ %h;ga%sr@f”emt

refracted by the spheri surface 63a. In, for ex el d et
| 's thesi ifl " High- N - A t tical
R S S L
blish i 9 inaf e " i t ")y, H J.
f\)/gm Inseg ggrggéghgasé%?iﬁirlﬂfl&ebﬁep&gge fas'llee gfsg:) ﬁgg?b%%‘?%fs o%caggek' ,ajrcéarari ed on
141 . 14 f_ e liged P i " th 8th. i | di
596" (naPapRirtE, S o5 AL Far shErack" 8287 et B8l dl'C | ha
by th t hod i t lid | i I th i cal t
Lo, ERASE oLt o0 TR Seheh Bhiohlf PREFE SR B0 L e 4
in that th j st i .b th lid,_i i d
e bot plao Fapt IS th 05 SR, BRI RSkl £ e FRE S0,
i ncreases,, the_refl ectance of conpqQnent _of th% | aser beam whi ch
correspﬁﬁﬂst?of??ﬂﬁcﬁﬁi?xﬂeQﬁﬁéai tAP0: 08 khe1TLRrt nBWEFFCRIOMerture at a
flat f .of th lidi i I i . .. As | t t hi
bhononeASHITARG FRFE L TSPIASaItS (Ches Fataamepur raatehoot HS 11l Gmer oi on
lens and. irradi ati the optical disc rapidly.deteriorates, VPen this air
gap becBHﬁanﬂ?El‘FgﬂrPE%‘ét Jetdeqtiye, 19l PREECERRLPT & d)ePShost of

t he conponent corresgondinq:to t he opti cal
group consisting of the objective lens 61 and the SIL 63 becomes

n times as great as the numerical aperture of the objective lens
61 itself.

However, the method is actually arranged to cause the
effective numerical aperture to become as n2 times as great as
that of the objective lens 61 by satisfying the conditions of
stigmatic focusing as described below. To this end, as
illustrated in FIG. 1B, the method causes the laser beam L that

has passed through the objective lens 61 to enter the spherical



3 quantity exceeding 1 of nunerical aperture becormes reflected by the
flat surface of the solid imersion | ens. Therefore, the intensity of the

“ laser beamirradiating the optical disc beconmes remarkably low. In order to
represent this specifically, FIG 2 is nmade regarding each case for the air
gap of O nm 50 nm 100 nm 200 nmand 500 nmas follows. The di stance on
the signal -recording surface of the optical disc as neasured fromthe
center of the spot of the |aser beamis plotted on the abscissa axis. In
cont r asfurfaeei @ mb tsherSHhé 33 adeanpahmidenadi angly) dhftergnndiramecor di ng
surface (as expressed in terns of the ratio to the intensity of the |aser
beam at théeaspbe weritigal Her ddfiswispherhicadi sugfipces6¥a nmherehyt otted on the
ordinate axis. FIG 2 shows the cal culated values of the intensity

di stri bodusing thehlaser desint \I) taf beheomewhatbeafiractedebyitdral - r ecor di ng
surface when the nunerical aperture NA = 1. 5 and the wavel ength 640 nm
FIG 2 sphesitdk sunttaoe rgga.Wen the air gap is 50 nm the intensity of the
| aser beam at the center of the spot is to an extent of 85 % of the
intensity exhibihpdfohesxdislea) s g iMand fieldHeweHR!s ¥Hedid hen@itlahp
increases up to 100 nm the resulting intensity becones approximtely 60 %
of the raigAShlveEd Ldporiuredanss sYstBim ¥Benopbecal rsestadeaches 200 nm
the resulting intensity falls down to approxinmately 35 % of the intensity

when thgadfied3bniSa “§"3031to'HUQV%&OW@ptWEQVEetﬁérmuﬂﬁéiIﬁﬂhfﬁ§§ﬂéHre
exceeds 1, control should be perfornmed so as to nake the air gap

suffi Ci bl Y9RER! n ({93 G e 80N PR S bLLUALE 2 i dbfldnd, S0 as

to keep e alr gap range of nmor Tess at t maxi nmum
or prefenably 5 21& 1SS th | Eadlngt j nfensity of
the | asgr ilbe%ftfn '?? r”tg&dr?%r% ?ér% 3]he§]§:|rh\gr?§1%- regelgg'ﬁzglgﬁg gﬁé?atjéé%? cF@:eiéo%o i cal

di sc, tg Leges
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(constant - anqul aryel ocity. recording) system as the irradiating position of
t he Ias@?cﬁggﬁPgnYtﬁ% F%ﬁ%%ﬁed; rection of the disc changes (i.e., as the

track to be accessed changes), the amount, of floating of the heagd
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met hod Eaningché gbtical disc in a direction along an optical axis
of the laser beam increases, the reflectance of a component of
the laser beam which corresponds to the optical quantity
exceeding 1 of numerical aperture at a flat surface of the solid
immersion lens increases. As a result of this phenomenon, the
intensity of the laser beam permeating the solid immersion lens
and irradiating the optical disc rapidly deteriorates. When this

air gap becomes more than the range of the proximity field

(nearfield), most of the component corresponding to the optical



to control the air gap with high precision. In view of the above, the
_applicant of this patent application already filed in Japanese Patent

" Ofice (Japanese Patent Application Laid-Qpen No. 8-212579) a patent
application for an invention concerning an optical head and a driving
apparatus for an optical recording nmedium This previous invention is
arranged to retain an objective lens and a solid inmersion | ens by
respecti ve separate hol ders and use electrically conductive material in the
hol der EBRDNEEER| FGRPAMNYI dol9fd NWAREASRSNAPEREULE heeeeNes AiRfi agtase ont r ol
of the position in the direction along an optical axis of the solid

i mer si bhe| Ehat | surkacs hddensod idhammesgieonslans ¢ B iorg,cdbsci t or)
formed with this electrically conductive naterial to be perforned

i ndependphehgity oficchwniassir dearhdradadiabingi hhe hepdicaktdimt demapeishe
optical axis between the objective lens and the optical disc. According to
this presmankablyeldwon, it is possible to control the air gap with high
precision regardl ess of the linear velocity of the optical disc. However,
in this previ ousni ovéet i oo reEmEsat khisheppregtoaldppl FI@Nt2 isvonariy uat ors
are necessary as an actuator for noving the lens in the optical -axi al

di recti paghpdindecdet Ese dord thecdsrsgapoof enns 5O @} WAL Mmni,0r2000Vi Ng
the hol der having the solid imersion lens retained thereby and the other
IS an aghUgh@'56@ e NEbItkRySO! dBe BAYLAACENSN CEhECd { gifall -BRscdrRtigigned

t hereby. 6 Al so, as the signal processing for producing a control “signal

for focygrBgsdCor M gLl Histals REASAFEHNErah CLie CESHAY ofOMd S the
signal processing for producing a control signal that is Intended to

cont 1ol shlge §PSLAd Oy Y Ald $1EERAS bANLhENSnbA1 AL AAANCE Y L T he

el ectrostatic capacity. The ot I's the signal processing for producing a

trol ] i . h i st ecti |
control oghgpaL }gl:ilg\%'df@:%r%z,[ J°lenkh§ adb st BAGH Qf)%é(?ﬁ%t%xf}f Qpective lens

and the optica e matrix processing o put signal of a

phot o- d%ﬁ{ié?gé;%ﬁ%\%%ﬁifﬁ%% q ds?8%brB adu’ gh! E%ﬁﬁé’ 5# YR Ny L

di sc). “Ppresent- i'nvention has an object to provide an _
optical chEadhoit feldy! 0 SUIALAS 0t SReOBLBESLoEROT AP YN v o
i g’ pr S8Rk, S8t ) Camia, FERRSE P, PrbnEr e P B TR S g
ProcessLpg i otnd °s¥edfied V31t 28 enet 1htEnt N1 B ibut 1on

(Strehl intensity) of the laser beam on the signal-recording

surface when the numerical aperture NA = 1. 5 and the wavelength

A = 640 nm.

FIG. 2 shows the following. When the air gap is 50 nm,
the intensity of the laser beam at the center of the spot is to
an extent of 85 % of the intensity exhibited when the air gap is
0 nm. However, when the air gap increases up to 100 nm, the
resulting intensity becomes approximately 60 % of the intensity
when the air gap is 0 nm. When the air gap reaches 200 nm, the
resulting intensity falls down to approximately 35 % of the

intensity when the air gap is 0 nm.



An ‘optical head according to the present invention, as described in claim
1, is characterized by conprising a holder nenber for retaining an optical

" means having the function of an objective lens focusing a | aser beamto
irradi ate an optical recordi ng medium and an optical nmeans having the
function of a solid inmersion | ens di sposed between the objective |lens and
the optical recording nmediumwhile keeping a fixed distance between 7  the
objective lens and the solid imrersion | ens, and a novi ng nechani sm f or

movi ng t he hol d€@henefibre, | wherelithe tnumeriloadg aperoprecekcesds bf the | aser
beam wherein an electrically conductive nenber is used on a surface of the
opti cal cbaadol ashogld hee qper ftatmede Gar disngommdkenthénaihigappti cal head, the
optical neans having the function of an objective |lens and optical neans
havi ng sheffignehtDyp ShaHl SEin dthecisyd @Ff khesertmpilot LUIwivatert dimed by
one hol der nmenber with the di stance between the objective | ens and the
solid i preLspPnsbeas €sikdekate fdireGapl Fal 1ol €Bin"eREFandge B aHd N t he
optical -axial direction of the |aser beam by one novi ng nechani sm

Ther ef on@, okhe88) £E1ENE MPMHMANT S PraFerdpl FTBOShANor e6§) are noved
together in the optical-axial direction by thée one noving nmechanismas the

di St ancehBeLEbe! VE5E Lo HRP'ediah tHClncthaseyaBeCLAE! [adat Ipadpnduct ive
material 1I's used on the surface facing the optical recording nmedium an
| ect o R . . . .
R R St G = L
t e t i1Y] t h icak s I, Ng. ' wh
o7 oduci s 8aF PO SPERER for e s e o abl BEELIAT W DOt en

t he 50'5g3%5§§ﬁ§%8§?$% siégghéégiégﬁj cal recording nediumas neasured in

t he opti (ﬁ'ng to the electrostatic capacity, and
novi ng this hol der nmbey, according 8.,.4t0 this contral signal, with this
Tovi ng mechan she NG BEFRST 0k SOf ohkit S8 351 40 MRbPoEAR PR
si mul t aneoysly ved,in_the optical-axial .direction,.Consequently, the air
gap i 5 OALTel FBRYR: 1 HHEh BrARSIED Lt p S ehEa REEAER) TRY HAY ke
bet ween the_qbjective I ens and the optical disc is also controlled with
i gh pr 851 SPARCETHESLoRT AR ARL WL AIRETS 1o EBEIINPRALHFY. TRSEIR A di ng
to the above qgptical head, the nunerical aperture can be made great (e.qg.
more t hatORFeRy TFAB SBF | OB HFRY SAAE IRNENe RLEJGUEFBRE REOLYRA Y s
maki ng the air gap sufficiently small (e. gﬁbmﬁthin_loo nm can be
per f or nE@tﬂttlﬁnhFBﬂra‘eElﬁ%ch;P dhe e Ry afo thige MegBeELEshaRd ot p Rt
Furthernore, since focus servo can be realized with a single noving
mechani §48Cal€¥aEBr), it is possible to make sinpler of the noving
mechani sm for perform ng focus servo. Also, on the side of the focus servo
system of the dBPYPNETaph¥rbleis methedy dhe daitansddydPigthedRim it is
possible to realize focus servo with a sort of signal g(ocessing based on
t he el eCMEESNSt AEPERASCPR ythernl neai MLl yngife thenpPEiCat EHECsiHal
processing for the purpose of executing the focus servo. It is noted that,
i n thistdgticiprhesampie, simtihe igase Afnap CAV (gongtppteangelal-to the
optical recording mediumof the solid imersion Ilens is provided with a
prot r usivedogtityt reconding) paystem, as gde plrsrasiiagdangi pasationdof Hehe
protrusion

laser beam in the radial direction of the disc changes (i.e., as

the track to be accessed changes), the amount of floating of the
head inconveniently changes. In the case of a CLV (constant-
linear-velocity recording) system also, the amount of floating
differs between optical disc devices whose linear velocities

differ from each other. As a result, this method is difficult



9-" being nade flat, and on this peripheral portion being formed a film
~made of an electrically conductive material, then an electrostatic capacity
is suitably formed between the solid inmersion lens itself and the opti cal
recording nmedium As the result, for exanple, conpared to the case where
formng the electrostatic capacity, e.g. between the hol der nmenber and the
optical recording nedium the value of the electrostatic capacity can be

i ncreased by maeking small of the distance between the electrically

conduct teoecantrel atheralin rgapptitdahighc précngiordi um Therefore, it will be
possi ble to produce the control signal based on the electrostatic capacity
wi th higher preZnsview @f sthe aboud uttheatapihlicahtCof l1this wedtentbecause the
| aser beam passes through the central portion of the surface of the solid

i mrer si appll ¢oationi abrddwy oifliezhlin fese refens) officd i {Jagaiamd on the
peri pheral portion of this facing surface will be no obstacle for the |aser
beam t ophtenti Ap11der DM iTGAld oy Xold suedEm zl\/ﬁrﬁé)t\!@rﬁt AFPTREGRH N9 to
the protrusion of the facing surface at the central portion, the renaining

portionegl LRCiRPEAEHIn NG drhini HeRTRE i8WaY nbAQMaAR Ca Ot 1wilg T €COr di Ng

medi um Therefore, even when the entiré optical head has been 1nclined with

respect abfathendPibe An GHING ARy nediiml ©SEnid Ktaptdipd the opti cal

head wi [T contact e optical recording medium ernore, in

this optingahe9ERTis AralIES dd) il 3n bbibSeivEe18hE" SiAN Sdiig an

electrically conductive naterial 1s use er menber 1n order to

el ect T gLy g0ANPLla P Naldlet UMb 0! fis8LEG! Lhgaldy conductive film

of the perrpheral ~por e solrd T mrersron rens. 'S makes it
i bl e,to, det th | f the .el-ect tati ity th h . th
ol der RRBEFLcERbE iy me i ar Bhe BPEeRF oEoh TR AR 9 o be
ily d ted. Next he dri.vi n t th tical d
o L SBL5RG TS 0h ol e THRyc AAU s tBBFBREESL 42f StB ed i n ol ai m
5 wth _the follow optical, head. The optical _head ing¢cludes a hol der
momber PBPLEAEH; H nEie AARRG AR REVORGICAL RRAELPERERE SALGD) ect i ve

|l ens fogusing.a | aser pbeamto jrradiate an optical recordi ng medi um and an
opt cal HBERS AR, TSRS  HE URREdantef s Sheq CLRR EF P bAH G reaRAdE ed

bet ween the objectiye |lens and the optical, recordi ng nedi um whil e keepi ng
fixed t KEABACRERES PRTRA A tOne alerETiicn 1¥naoRRRCEEYS MatRishad i | ens,
and a nnvingrnechanisn1for novi_ng the holder nenber in a direction along an

opt i cal P&xpPerépried independentlyyad &he songred: PECHReyALSHRRRS itk the eri al

is used on a surface of the optical head facing the optical recordin
nedi um dAFeckaoB aAEORY nhe 1Rt igida rdtifs ey wersothgurbpeat e hlensi I
processi ng neans that produces a control signal for controlling the
di st anc&hBePREdfal Nd1eet | RAIGARINDHQ dhdsaRFevAeUspin¥aRti@Rord e nmedi um
as nmeasured in the optical-axial direction, 11 L

possible to control the air gap with high precision regardless

of the linear velocity of the optical disc.

However, in this previous invention proposed by the
present applicant, two actuators are necessary as an actuator
for moving the lens in the optical-axial direction for the
purpose of a focus servo. One is an actuator for moving the
holder having the solid immersion lens retained thereby and the

other is an actuator for moving the holder having the objective

lens retained thereby.



according to the electrostatic capacity fornmed by this electrically
~conductive material and this optical recording nedium wherein the hol der

" menber is noved by neans of the noving nechani smaccording to the control
signal. In this driving apparatus for an optical recording nmediumthere are
provi ded not only the optical head as stated in claim1, but also the ’
signal processing neans for producing a control signal that controls the

di stance between the solid i mrersion |lens and the optical recordi ng nmedi um
accordi ng to thdledecas ashantsignedpgriocgssangedor nproducbng i atoritemd. By
novi ng the hol der nenber with the noving mechani sm according to the contro
si gnal , sigraldi foyafoduws cmnvel Iterd kindshofhs agral spyocess igigndrneaneousl| y t he
objective lens to optical disc distance is also controlled with high

accur acyecéseaef or e0nd hiss fuheu s igmalo precesalingefior | préoducingpia contadi ng to
the driving apparatus for an optical recording nedium it is possible to
meke thgigHaertkst BPeidvdridinee contidanshef pbSetEon i Sf ivHEersyldd | ens. In
addition, it is possible to make control w th high precision for maki ng t he

air gaplﬁﬂéfbibﬁ”iéﬁ/s SiRldcctraanden%ith the elestrostatic
Furthernore, it is possible to realize the focus servo mnth a S|ngle nmovi ng

rechani g a0ehar S04 il SigHA PioReBsINA0EBRBLodollle £l sl alic

capacity. Thus, the noving nmechani sm and si gnal proce53|ng use in the

focus sg&gﬁ%g%géé?a@cﬂ%é QIR dlg%apcédﬂéfdv&é‘@'é 3 cEHHe% ygnal

processin e dr|V|ng apparatus for an opfica recor g medi um

cener at PROEaER eif oBAH Syt (3B oRrkongk ALY, Rrodfhd BE A THRDS L ohges
depend! pg. . o changc i, Uit S SLLOSLS! he EARSELLYL B TEA O igner a1 ng

a_prede rence S|gnal a nmeans”for producing a contro

o1 onal | B SSRIPRS! A e ol e ”e‘i‘éﬁ”‘éés‘ékl BT CN OF THE DRAW NGS. I GS.
numer cal aper ?ﬁﬁ%r’éé‘?nr%i;'réaéé?f%a”  ThufBneTenbhas "R GButdh R "di agr am
when. L%trh{%%g% 2 SeE T head dndhe %t ng® spPEERES GEot v, oA in

section, an exanp] e of the structure._of E Etlcal head according to the
present r?ﬁ9§ {Rgpeiem, which, ane g i PEUBRFaRIn % 'HB’L‘%"HC@& exanpl e of
the structure of a bottom surface .of the SIL of FIG 3. FIG is a bl ock

di agr anPPPFHYTR 97 e Wit SUAY HEMESR4PRULENBN ‘E)‘Pn%r%JelrW &hghal

processing system of _a driving apparatus fqQr an opti cal dISC accordlng to
t he pre§éﬁtgﬁﬁv§ﬁ??ﬁﬁﬂn9£F° the electrostatic capacity with high

precision, and also making simpler of the actuator and the
signal processing for focus servo.
DISCLOSURE OF THE INVENTION

An optical head according to the present invention, as
described in claim 1, is characterized by comprising a holder
member for retaining an optical means having the function of an
objective lens focusing a laser beam to irradiate an optical
recording medium and an optical means having the function of a
solid immersion lens disposed between the objective lens and the

optical recording medium while keeping a fixed distance between



FI'G 6 is a diagramillustrating an exanple of the structure of an optical
.pick-up of FIG 5. And, FIG 7 is a diagramillustrating an exanple of the

" disposition of light receiving el enents on a photo-detector 38 of FIG 6 .

BEST MODE FOR CARRYI NG OQUT THE I NVENTION I n the follow ng description, an
expl anation will be given of an exanple in which the present invention is
applied to a driving apparatus for a phase-change type optical disc. FIG 3
illustrates an exanple of the construction of an optical head fixed in an
opti cal theckbjecbive hlen@nd alhedisoddd immgrappar héns, did sa apiviiosy head 1
conprises an objective lens 2 for focusing a | aser beamL to irradiate a
phase- cheopaniypefoptmevlnglitde hbldeuninetbenr fheaddicection glappammt us, a
solid imersion lens (SIL) 3 that is disposed between the optical disc 51

and theopbjiesli ¥gis eff fhe dAdstS Heajewhérehat ahnéeeserivalm} ds these
| enses 2 and 3, and an el ectromagnetic actuator 5 for noving this |lens

hol der éohau&ewé REHBEE Ofs I ddPTon RV istd fladet BE eﬁélsﬁti@eﬁ Hedl rection of
the lenses 2 and 3 and a tracking actuator 5b for noving in a direction

al ong tgggghﬁctﬁgréégfbéi fé&bﬁﬁﬁﬂdsﬁLdﬁH c 51). I n this way, the objective

l ens 2 an are integ y one | ens hol der 4, and this

| ens holder 4 ig, nprﬁgi éﬁifﬁE¥§ q@ﬁyq&& he I ahgehgbiﬁgtéﬂg al ong the

14 optical axis us arrange | ective and the

che 5 SERERLERPL QRIS R e R, BBt 20 0 3
part. of FAnSEEE 521! £05id Sl AR 101 LETERELGLLY oL ek gy Soher e
one holder member with.the distance between the objective lens
and the solid immersion lens being kept fixed. This holder
member is moved in the optical-axial direction of the laser beam
by one moving mechanism. Therefore, the objective lens and the

solid immersion lens are moved together in the optical-axial
direction by the one moving mechanism as the distance
therebetween is kept fixed.

Then, since an electrically conductive material is used
on the surface facing the optical recording medium, an
electrostatic capacity is formed between this electrically
conductive material and the optical recording medium.

Accordingly, in a focus servo system of the driving
apparatus for the optical recording medium, when producing a
control signal for controlling the distance (air gap) between
the solid immersion lens and the optical recording medium as

measured in the optical-axial direction, according to the

electrostatic capacity, and moving this holder member according



"Myper Sphere SIL"). In this SIL 3, the spherical surface is made to face
.the objective lens 2 and the surface opposite to the spherical surface
(hereinafter called "a bottom surface") is made to face the optical disc
51. In this condition the SIL 3 is held by the lens holder 4. This SIL 3 is
designed so as to focus the | aser beamL w thout aberration (to satisfy the
stigmatic focusing conditions). Assum ng that r represents the radius of
the spherical lens and n represents the refractive index of the spherical
sur f acetot hbis eenieds sigial,haigh thigsmewindr wechanism, dghe cal - axi al
direction is determ ned using the follow ng expression (2). t =r (1+1/n)
(2) obpechive etensmnd [thee satlide impergiabolens edxe rednulangousdyr eport ed
that the nunerical aperture of a |lens group consisting of the objective
| ens 2 modedhin Sthe gt imalefaxdaili dd recrionc aCongequemie]y NAdid dix fgapnd from
the nunerical aperture of the objective lens 2 NAobj and the refractive
i ndex nibycoherédlédwiitth axigre piieeisioh. ahdesimel b@néo jthe . ( 3 ) 15
By way of exanple, a lens having a numerical aperture NAobj = 0. 45 is

herei n ys$8€an€e ! BoLwdde Ailie/ ©H Rt iedNdnad hAASthavbpeidal efiactisy qiligedex n
= 1. 83 is used as the SIL 3. "Accordingly, fromthe expression (3) the

NAef f besRERS] PERMPILHE BRI precisibhe’ ehaus, PHENELOEs VEWAlEE h of the

g

| aser beam L is, for exanplé, 640 nm for the reason that has been

expl ai ned 4ysLbag. FIG 2, the SIL 3 to optical disc 51 distance (air gap) as
measured in the optical-axial direction of the |aser beam L needs to be

control I ed withif {05 V@A eyl B rdiy BINene' ab8tabbYt108aPOnd4R O i®-
numerical aperture can be made great (e.g. more than 1) by the
solid immersion lens. In addition, the control for making fhe
air gap sufficiently small (e.g. within 100 nm) can be performed
with high accuracy according to the electrostatic capacity.
Furthermore, since focus servo can be realized with a single
moving mechanism (actuator), it is possible to make simpler of
the moving mechanism for performing focus servo.

Also, on the side of the focus servo system of the
driving apparatus for an optical recording medium, it is
possible to realize focus servo with a sort of signal processing
based on the electrostatic capacity. This enables to make
simpler of the signal processing for the purpose of executing
the focus servo.

It is noted that, in this optical head, as stated in
claim 2, if a surface facing to the optical recording medium of
the solid immersion lens is provided with a protrusion at its

central portion, a peripheral portion around the protrusion



FIG 4 illustrates a detailed exanple of the structure of the bottom
~surface of the SIL 3 of FIG 3. This bottom surface has a dianeter D of 1.
"5 mmand its central portion 3a is caused to protrude. Its peripheral
portion 3b is made flat. The wdth ~ and the height of the central portion
3a are about 40 Nmand 2 pm respectively. On the peripheral portion 3b
there is fornmed a film®6 nmade of electrically conductive material (by way
of exanple, this is made to be alum nun) so as to be sufficiently thinner
t han t hbeimwggddeffldte, @ onsithisoperhpheral rpdrion ibEindp. fokmed mesul t of
this structure, an electrostatic capacity is fornmed between the al um num
film6 antmthedalsfirianielsedsicaillgctonduptine mdtdtkaloptileal ati sc 51. The
value C of this electrostatic capacity is found, on the assunption that S

repr esegl écerost feidfcapavitfyade wagtablpefdbmed Nestwd alhep@dliign 3b and
the optical disc 51 are opposite to each other and h represents the

di st ancemhet¥Eem 1dis altgalTuEnd kRebopRiichberedbidig Mebivml., fromthe
C=e0 sr "S/h ... (4) wh

foll ow ng expression (4). e (4) ere e0 represents the

vacuum diel ectrhg. ERISIOUUIYS tciSEotmpd el 2cbliphral 8 the cddPaa o Lhe

relative dielectric constant” (approxifrately 1"wthin the air nce the

di t tﬁﬁ? AP e, Sl i j d
albg\rrg, efﬁ'ﬂgng;rl%a Eée)'%%nes a;?%?%if%tag?ﬁyi. é‘/@BI ?(e%%%nﬂrgﬂ séen gtrlheoggnt ral
e ar & i th . . . i's 0.
Phe. af oPaiine? afly SN Wit sERO: LT Rbalulr oo IR IRl BEP.IT g
and. 200 the.di stance_h

is 50 100 . h | f_.ab .. 05

2 1 a?%iesﬁazg%mprﬁa%cg% LGPy LAeBRarACEy, TRHES el P ahe <o b
100 & 00 t I .C th Lt I i

AN L R A e S

45 pF, d, 7. .11 pF J vel As illustrated jn FIG 3, _thi | umi

f11m6 PECFGHheEECF T ML) qBneIo59rEs shF ety bAROITiRIder 4 is

made of an _electrically conductivg material (lt_is herein, ?ﬁﬂi al um num .

It is tRRESINFR AR FIHCL 58Ny Lasegnar FhEi RBLEFHECT TREIRIGAPAS Y t he

el ectrostatic, capacity can be taken out from 17
with higher precision.

Also, as illustrated in FIG. 1 as well, because the
laser beam passes through the central portion of the surface of
the solid immersion lens facing the optical recording medium,
the film formed on the peripheral portion of this facing surface
will be no obstacle for the laser beam to irradiate the optical
recording medium.

Moreover, corresponding to the protrusion of the facing
surface at the central portion, the remaining portion of the
optical head is retreated away from the optical recording
medium. Therefore, even when the entire optical head has been
inclined with respect to the optical recording medium, it is
less likely that the optical head will contact with the optical

recording medium.
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the I ens holder 4 (i.e, the value C of the electrostatic capacity can be
_detected through the lens holder 4). Next, FIG 5 illustrates an exanple of
the construction of a focus servo and tracking servo signal processing
system of an optical disc driving apparatus in which the optical head 1 of
FIG 3 is fixed in an optical pick-up. The optical disc 51 nounted on this
optical disc driving apparatus is driven to rotate by a spindle notor 11 on
t he CAV (constant-angul ar-velocity recording) system By a |aser beamwth
a wavel engt h of Férthemrmdns ngimedest opticadi heedt has spatedlindiclaim 3,hr ough
the operations of the optical pick-up 12 and the optical head 1 as

descri bgt bhel motre ndrafertdbde ithateanr dddcepiocadhy cempdwriicad fateniale
optical disc 51. The signal processing systemfor use in the focus servo
oper ati @8 uSe&OofSt rid afblater alemdes. inherdelt egeebé@¥icdlNdi ennegtt he
value C of the electrostatic capacity, which has been taken out fromthe

| ens hotger nd1d&t @enbe®farid @ Hepkil eekrigadly, cosdeePild el of chHe

(vol tage-controlled oscillator) 13. The VCO 13 consists of a LC oscillator

and out géiﬁ pReSaDGord i E aheP86i1ibainMBrEi6AUESy. f as is given in the
fol |l ow ng expre55|on (5) according to the value C of the electrostatic

fi ?523: Vil ve 1 not e ARG PRI gRERCLTEnt SRS ngl o
%8”%696%%%*‘?%?%%% R R ﬁ%ﬁ&a o
the ol eghoghRhl Gof 014155, LSRR ¥ gbxc%g%je 85 PFy 4 &engﬁe%F 7. 45

pF and e expressi on ( res vely. t he
cort oonc 10, s 44 Paﬁa%ffﬁ&u paetleropE et ekl y e
| féﬁgéﬂ% ?ﬁisgf%‘%?%% s '?:E‘r gﬁasgtggﬁqagfgéﬁw{ ot ﬁcéﬁe&n

out put  RoRELHCEO YH é&feﬁﬂpmwdoegfip#abgﬁ e P a0 pLL

hase- 1 ocked | oo 5 serving as a frequency / phase conpar ator.
(p includes pﬁofder member for retagningyan 8ptfca1 means having

the function of an objective lens focusing a laser beam to
irradiate an optical recording medium and an optical means
having the function of a solid immersion lens disposed between
the objective lens and the optical recording medium while
keeping fixed the distance between the objective lens and the
solid immersion lens, and a moving mechanism for mowving the
holder member in a direction along an optical axis of the laser
beam, wherein an electrically conductive material is used on a
surface of the optical head facing the optical recording medium.
At the same time, the apparatus is also equipped with a signal
processing means that produces a control signal for controlling
the distance between the solid immersion lens and the optical

recording medium as measured in the optical-axial direction,

11



The PLL 15 conpares the frequency and phase of the output signal of the VCO
13 and those of the output signal of the VCXO 14 and outputs a signal
corresponding to the error between the output both signals with respect to
the frequency and phase. The output signal of the PLL 15 is

phase- conpensat ed by a phase conpensator circuit 16 and then is anplified
by an anplifier 17. Thereafter, the resulting signal is supplied to the
focus actuator 5a of the electronagnetic actuator 5 of the optical head 1
as a coatcotdingna Hher edectrositatdgcet hepacitygaformed byThshifsocus actuator 5a
noves the lens holder 4 in the optical-axial direction according to this
cont r ol ekégbrically comiaetiviee maiterdap andt this espticdle retordiagd al so t he
di stance between the objective lens 3 and the optical disc 51 is also

cont r ol heditu®, behdredar thEhwldeltenbabes $8'MOved Bpahdarsd.ofOthehe ot her
hand, the signal processing systemused for the tracking servo operation is

const r Ub@ingSméShdrdm ddderdinig kusthat 86ntfoeXadgn£l of the structure of
the optical pick-up 12. A linearly polarized | aser beamL having a

wavel ength of 64Q oM g ¥ Ghidg dpPara@ds! oW ﬁnséﬁjcgéé‘ﬁufééﬁrd' r 31, is

made to be a parallel |ight by collimator lens 32. The parall®el light is
¢ . . . 33 nt . q
[ ont) Baqeindefiple B o B3cignl; £n8 SBLIGRERBA M Sipedidn
| ari j ' ) : 4.7 I ti
Do erfLRER.LS 568 AL e cdght B SRR RUThERTY o Hhodbrieny |00

beam enters a ariz hi's™ inicom ng “beam passes

pol ar 2 BHFFaR SHFEE e S, o, Bl smiod e ader Ty S 7C' Y ocusea

by th bj ect i 2 th lL.3 (FIG,. f.th ical head d
i )r/r ad?a?‘@é‘ggs%‘i\ﬁgn ?eI?%S eacrbcfg:ﬂ}?g og’t}ifzg er%f: ofﬁégépﬁ?%%?ﬁaa:)(g%%%ngA%% ttﬂagﬁgl ly,
t of the i i b J flected h larized=b lLi.tt 35
PRd. t neRLBSLEREETHIS cpaP sl doBl 18, 2hat "GrPRraL Kt o d BRSO 1o
noni tori he .20 i.nt ensij f the . aser peam The | aser beam.refl ected
oyt he. EPEnAPTAGE gremiRy St e, MoV, BerRan LM LCeHr T 46 (ough t he
optical head 1 and is nmade to be a linearly Eolarlzed %@ght orthggon | to
the ori GPREFOLNBIERRY hethE Adfa gaPeAG: FOPEEPL1SE. WIRR high aqGHFasyyRnd
reflected by the pol arized-beamsplitter 35 angd the reflected |ight passes
t hr oughs&mEiﬁﬂﬁ‘ﬁ%‘é?lY dife PPiestdieelerspkot BRELERT 01138 dbttani®dS ng a

tracking_error signal and a RF signal
also controlled with high accuracy. Therefore, the focus servo

is realized.

In this way, according to the driving apparatus for an
optical recording medium, it is possible to make the numerical
aperture large by means of the solid immefsion lens. 1In
addition, it is possible to make control with high precision for
making the air gap sufficiently small according to the
electrostatic capacity. Furthermore, it is possible to realize
the focus servo with a single moving mechanism and a sort of
signal processing based on the electrostatic capacity. Thus,
the moving mechanism and signal processing for use in the focus

servo can be made to be simpler.

12



As'illustrated in FIG 7, in the photo-detector 38, there are di sposed
four-divided light-receiving el enents (photodi odes) 38A to 38D for
receiving the main beamat a central portion thereof. On both sides
thereof, there are disposed twodivided |ight-receiving elements 38E, 38F
and 38G 38H for receiving the sidebeans. Thus, the photo-detector 38 is a
phot odet ector that is divided into eight elenents. The output signals Ato
H of the respective lightreceiving elenents 38A to 38H of the
phot o- det ect or B&8datikomaily f itdishs ignadagracessingr médnanolf t4tee supplied to
a tracking matrix circuit 19 as illustrated in FIG 5. The tracking matrix
ci rcui t dt9vingeappesattud rfsakiaig oprieals irgeardifg byedilh aidgy e t he

cal cul ation of the foll owi ng expression (6) according to the output signals
A to H afkangédsDior & 1¢h, las stateld in(E1hlim 6, - tdBHavel a nedRise for
represents a constant. Additionally, the output signals Ato D of the
respect géRekh8hg ' £CLigidI0, &RIH S38Net erdghentytbe BhwigHialedor 38 are
anplifiéd by a head anplifier 18, and then al'so supplied to the

[ eprodughign Ehefigbs RIGKARRIMD o of @Bahlal ih! LHE! LRLEoadid s OPLI Cal

disc driving appafatus.” In this reproduction signal processing system a

d RE Si - _ : : A

foll ow S5PagiEy, cadiingTeap (TRt O pRRHLOEERIRLd Vefdided ! o0 O (22
PO o N ra O
57 Pond SHABRE 880 7 farfh PO BrpiTRANg bokoR ol B o0aE B ebaiBidL [

t uat . ft tical head 1. The t kin t uat t |
hol der _ FLEBEE, BF 518 TR AL g, phEse, PLe thRarBSES REtnat ER Ghah ong ¢ he
di sc surface of %he qgtical isc 51, thus the tracking servo control being
real i ze®F %ﬁ@sﬁe BETRCL SV Hd tracking servo control operations are

perfor d r . Moreover, the output signal of the
photo-gggégposﬁﬁ%ﬂf#iigﬁféﬁféﬂE ng the optical pick-up 12 is
supplied to an APC (artona i C_power pontrol)]§5rcuit,23, whi ch, adj usts,
under the contr8IG8f {AeRPUBATS K agRans: IldysEratipgetie® r

| aser 31 (FIG, 6) of the optical pick-up 12 so that the value of 22
according’ to which the numerical aperture is increased with a

SIL.

FIG. 2 is a graphic diagram illustrating the intensity
distribution of a laser beam on an.optical disc when the
numerical aperture exceeds 1.

FIG. 3 is a side view, partly in section, of an example
of the structure of an optical head according to the present
invention.

FIG. 4 is a side view illustrating a detailed example of
the structure of a bottom surface of the SIL of FIG. 3.

FIG. 5 is a block diagram illustrating an example of the
construction of a servo signal processing system of a driving
apparatus for an optical disc according to the present

invention.
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t he out put signal of the photo-detector 40 nay coincide with a
_predeterm ned reference value (there are two reference val ues therefor, one
being for the recording node and the other being for the reproduction
node). As described above, according to this optical disc driving
apparatus, as a result of using the solid imersion | ens, the nunerical
aperture is made to be approximately 1. 5 and besides, control of the air
gap to 50 nm(size allowing no fall in the intensity of the | aser beam

i rradi ati ng t heF¥¢gnal iecnrdiiagraudfliustohting aptéxahple saf 3He i s
performed according to the electrostatic capacity with high precision.

Furt her serectace cofliarg dptiidals pipki-apl odi BIGdr5vi mandippar at us, because the
focus servo is realized with a single focus actuator 5a (FIG 3), conpared
to the case whepeglw iHcadigirsad ANudieakengedn erRempRe NSf fife MOVi Ng the
hol der retaining the solid imrersion | ens and the other being for noving
the hol despbeieddn Naf tiNiyHDIRdivE ngeBlembitsf 68 US pidtElddtdctdrursigher
sinplified. Al so, because the focus servo is realized through a single
signal pggopegsigg systemfromthe VCO 13 based on the electrostatic
capacity to anplifier 17 (FIG 5), conpared to the case where two signal

Pr ocesspgn Gfe DFOR CAMBHIE dr® thedynvRfirign the focus servo, for

generating a control signal for controlling the air gap according to the
| ect tati j .hei.ng f i tr ol si I
For 25 contr ol e el i Mo aRsch, | 36 SRETAALLI MELL B, = 0N
ti | di . tr. . i . i f. t
hot o- adteBfiorE . il ik ST 3e Br8hehr ot fiefilod A Heddiad o
di sc), thg signal _processi for the focus servo is furtﬂg . sinplified.
Nbr coveP, GRSV APPSR F95 & PRasssghilas Xbe SRtioR hdli-tdre
el ectrostatic c city.petween the SIL 3 itself and the optical disc 51 b
fornming the al uﬁi?ﬁu ?‘/}fﬁ?%ﬁﬁ%%é&%ml?uPtf'azfgeo?o?ﬂgr'%ﬁl‘?{‘ %’lor’?dhr ed %/o
the case where the electrostatic cgpacity s for . for exanple, between
the | enSPRAFALINaRd HiXGR Gham GPEdeal BickrHR 08| HhLT OFEIFA eSS ost at | ¢
capacity i,s,nmade Iarger due to the reduction in the distance between the

al uni nuRFAVERI 62 BPREFHES vpt i cal disc 51. Therefore, it is possible to
produce the control signal for the focus servo according to the

el ectrostatic cipa8i PREHFh Meather GAMRGiSESH anFEPUREEABE eleBR AU t he
central portion 3a of the bottomsurface of the SIL 3 is made into the
prot r ust8RUEABY BnlasRr famiertd iFdadishesp PRaseofhangR WRAIRKHIEY m 6
is fornmed thinner than the height of this protrusion, when the air gap is
cont r ol Adgcu8l ngourked n rtde -§¥% 1yings apPAERERS ncR, SQhi} elpmerFion
possibility that the alumnumfilm6 will approach the optical disc 51

cl oser LRBA 6SThe %e?h’#%ill%&%ﬁ%%%?%otbént)a‘é%c%tilﬂchéjop'ﬂ%al di sc

51. In addition, because the central portion 3a of the
the objective lens 2, a lens holder 4 that integrally holds

these lenses 2 and 3, and an electromagnetic actuator 5 for
moving this lens holder 4 (a focus actuator 5a for moving in the
optical-axial direction of the lenses 2 and 3 and a tracking
actuator 5b for moving in a direction along the disc surface of
the optical disc 51).

In this way, the objective lens 2 and the SIL 3 are
integrally held by one lens holder 4, and this lens holder 4 is

moved by one focus actuator 5a in the direction along the

14



24" Dbottom surface of the SIL 3 protrudes, the renai ning portion of the
_optical head 1 is retreated fromthe optical disc 51 accordingly.

Therefore, even when the entire optical head 1 is inclined with respect to
the optical disc 51, there is |less possibility that the optical head 1 w il
contact with the optical disc 51. Also, as illustrated in FIG 3, because
it is arranged that the value C of the electrostatic capacity can be _
detected through the | ens holder 4 by electrically connecting the al um num
film6 bptibal adxis nurkureice dhaiss atelanged4thabethal otejdetoivd Nerdd @ctandst ati c
capacity can easily be detected. Additionally, in the above exanple, the

optical theadifi 3 saps andwiall by idhel Wochenaesultot hsa obh egid \epdiaa 2 and the
SIL 3 as the optical nmeans having the function of an objective |lens for

focusi ngxi e dssesthemmd erier rda@tah@et lﬂﬁe%bé‘éﬁéeﬁ'ﬁé} jeept gt i cal means
havi ng the function of a solid imersion | ens disposed between the

obj ective | ens ang sbe Pnideal dtiatfe JOVRYEH af ggrerSEeat bieidon s not

limted thereto. For instance, it may be arrang t hat th optlca head is
d t t " t f

g[)JO\él:t |ege e%sa%%n%% O{ij'ttlct %Ior?%'ngﬁaﬁgl }?rraérggé) ) Iqr%n .
I I 71, e t. t

i ant cond %%.Snéﬁgf? Fharh £ escr&?ﬁéz He %éh%if%‘fﬁ &'2{‘ o

thesis ﬁa&étLSd ace the objective lens 2 and the surface opposite to
the spherical surface (hereinafter called "a bottom surface") is
made to face the optical disc 51. 1In this condition the SIL 3
is held by the lens holder 4.

This SIL 3 is designed so as to focus the laser beam L
without aberration (to satisfy the stigmatic focusing
conditions). Assuming that r represents the radius of the
spherical lens and n represents the refractive index of the
spherical surface, the thickness t of the SIL 3 as measured in
the optical-axial direction is determined using the following
expression (2). |

t

r + (1+1/n) ... (2)

In the reference literature no. 2 above referred to, it
is reported that the numerical aperture of a lens group
consisting of the objective lens 2 and the SIL 3 (the effective

numerical aperture) NAg s is found from the numerical aperture of
the objective lens 2 NAgy and the refractive index n by the

following expression (3).

NAggr = N2 * NAgpj .. (3)
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Feasibility study on near field optical nenory using a catadioptric optical
_systent, carried on pages 137 to 139 of "Digest of Optical Data Storage"
publ i shed by Aspen conpany in 1998. Alternatively, as the optical neans
havi ng the function of an objective |Iens and the optical means having the
function of a solid inmersion |lens, three or nore optical elenents nay beé
provided in the optical head or a hol ogram el enent may be provided in the
optical head. Also, in the above exanple, the present invention is applied
to the driving Byppeante dxampdephasdensahgeingpe ppnecitalliamertddowever, the
present invention nmay be also applied to a driving apparatus for a
magnet oNRgYi sab . déScis chalre i neab@asr ahes obdecahvepléns2 damt alddimsated to
reproduction only, or a driving apparatus for an optical recordi ng nmedi um
(e.g. a I the optigal disc sent invention
IS not ﬁarer‘?{llédgt afei‘)ta oé\]/g' gg(%?ﬁbéd‘iexggpﬁg %9%3 ?S c%ger ;I,geﬁ'pg’?m ts ot her
various, construc |on be made wi.t ho d fromthe scope of the
i nvent i BHC° 5@ '\£/¥ %§§p§839é°na2§6 gﬁﬁgﬁ%‘i‘? % %‘B?? cal head of the
present invention, the nunerlcal aperture can be nade large (e. g. nore
t han 1) approzimately the 5ol iThenefore, owhkanthandavebénipsh atheheodtaselr f or
maki ng the air gap sufficiently small (e.g. within 100 nm can be perforned
accor di hgamoLt be, 2for estamplegsttdili amgaferi thewreasdon ghthar dwssibeen
Furthernmore, focus servo can be realized with a single noving nmechani sm
(act uat explaihed eisimy FIGJ 2 ,padel ISlIe Botbuopbieabididde f51 tdistandeng
mechani sm for perform ng focus servo. Mreover, on the side of the focus
servo sxaigm_;@f)) the mbdstireg dppanet bptienlanxoali ¢tedelen GnEHEdi um it
is also possible to realize focus servo with a single signal processing

system baged Boahhe mdeld SR iconkaRatetly witHifi DOV aith agRsidty nmakes it
al so possible to further sinplify the signal processing for the purpose of

execut i pexifemi osrer&BG Hd sdeint dnsol.he central portion of a surface of
the solid imrersion |lens facing the optical recording nediumis nmade into a

protrusion a pegighey ailﬂi’étt,tﬁés'ﬂé)l&?ﬂ:atlh.%dpbﬁthhﬁiéOBfb@hégsﬂ?@@tlfﬁé‘t and
on this peripheral portion being forned a film nade of an electrically

conduct p¥er Bt Bbt Eom LSuF I8 ¥ HRCISTPSBabieCpeapagi t yrped istdpe sol i d
imrersion lens itself and the optical recording nmedium Wen arranged in

this m@ﬂf&acéoﬁi’g@ddiéhé{éﬁ‘r PE 15 ¢ miaha §88 ééﬁﬁ'éf’ c?:.tﬂ rPWC' ty is

formed between the hol der nenber and the optical record Ium t e

val ue of; gt Rey, e&qﬁ?ﬂ# LMY %ﬁ%ﬂeg‘gugpgftkaﬁgf’n bi/ cé]%e optl cal

the di sfance etmee ectrlc y-con Ive materia
the. conthel VEREhat T dd bR e PEcFPBaPRTEAL ApRE g L’ﬁ?#% g 010
precision. 27

40 pym and 2 um, respectively.

On the peripheral portion 3b there is formed a film 6
made‘of electrically conductive material (by way of example,
this is made to be aluminum) so as to be sufficiently thinner
than the height of the protrusion of the central portion 3a. As
a result of this structure, an electrostatic capacity is formed
between the aluminum film 6 and the aluminum-made reflection
plane of the optical disc 51.

The value C of this electrostatic capacity is found, on

the assumption that S represents an area of a surface where the
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AlFso, by the extent to which the central portion of this facing surface
_protrudes, the remaining portion of the optical head is retreated away from
the optical recording medium Therefore, even when the entire optical head
has been inclined with respect to the optical recording nedium it
advant ageously becones | ess possible that the optical head will contact
with the optical recording nedium Furthernore, if it is arranged to
el ectrically connect the hol der nenber using an electrically conductive
mat er i apernhphée®l egpatianc A4 pndokiec bpvécall dist Iheaperogpesyidie porti on of
the solid immersion lens, it is then possible to detect the value of the
el ect r oetiahi otlvepaamd \h ttepreglentise thel déstapodebetwdrn efly e luntinum
advant ageously becones possible to easily detect the value of the
el ectrogidii 6 awdaghd opthidl, diseosdi,ngrbm the followindppfpridsionor an
optical recording mediumby the present invention, it is possible to nake
the nungghcal aperture large with the solid imrersion I ens and besides, to
performa control for nmaking the air gap sufficiently small according to
t he electrostat'c_cqpqc%ty_m%% hi gh, accuracy. Furthernore, it is possible
to realize the Tocus sefvo wi a'éihgle nmovi ng nechani sm and a single
signal processing system based on the electrostatic capacity. Therefore, it
i s adva ous | inlee rq$d j t j nme ni,;sppand
o gnal e e R e o o
conprising a holder nenber for retaining an optical nmeans having the
functi ome qff 9N ok aeli ¥e tEpfedatiesithe dellastiebaBLbOtLic asbmdteard -opt i cal
recordi ng medi um and an optical mnmeans having the function of a solid
imrersion | ens disposed between the objective lens and the optical
recor di K@PREGKLRALRLY el Relddiiny tder @i&d -di st ance. bet ween the objective |ens
and the solid imrersion |ens, and

Since the diameter D of the bottom surface of the SIL 3

is 1. 5 mm as mentioned above, the area S becomes approximately
l. 766 x 10-m2. When the central portion 3a is in contact with
the optical disc 51 (when the air gap is 0), the distance h has
a minimum value of approximately 2 pym. When the air gap is 50
nm, 100 nm, and 200 nm, the distance h has values of about 2. 05
pm, 2. 1 uym, and 2. 2 um, respectively.

Accordingly, when the air gap is 0, 50 nm, 100 nm and
200 nﬁ, the values C of the resulting electrostatic capacities
are found from the expression (4) to be 7. 82 pF, 7. 63 pF, 7.
45 pF, and 7. 11 pF, respectively.

As illustrated in FIG. 3, this aluminum film 6 is joined
to the lens holder 4 by a solder 7. The lens holder 4 is made
of an electrically conductive material (It is herein, e.q.
aluminum). It is thus arranged that a voltage signal indicating

the value C of the electrostatic capacity can be taken out from
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a-novi ng nmechani smfor noving the hol der nenber in a direction along an
~optical axis of the | aser beam wherein an electrically conductive materi al
is used on a surface of the optical head facing the optical recording
medium 2. The optical head according to claim1, wherein a surface of the
solid imersion lens facing the optical recording nediumis caused to
protrude at its central portion and its peripheral portion being made f]at,
and a filmmade of an electrically conductive base naterial being forned on
t he perthéeléhs foslden.4 J.i.8)e thet vadhehecadfatherdlegttastdmiion 2, wherein
an electrically conductive material is used for the hol der nenber, and the

filmfoeap dcﬂ%t@&% | qtRIcedP@hiroQghi shel Behsi kalder 28, connected to
t he hol der 4. The optical head according to any one of clains 1 to

3, wherein the Ruge!igpd. Q?Qfﬂlﬂétﬂ&té% hﬁ”éxﬁh@!@ éfnéhétééﬁbﬂﬁuéﬂﬁbn
obj ective lens and the solid imersion lens exceed s 1. 5. Adriving

appar at gg §0sodils LIRS adP A KIRG TRV sighatllh g%éﬂf%%,on L o the

recordi ng rumto perform either “of the recor

optical aﬁ%@%%&&ﬂ &? N HETIN r#)'&%gla‘iﬁftﬁgu%' Qﬂlf,’fx Llﬁ‘é % c’: 4 Hera(HT‘lt '6

optical rec Ing nmedium  co ng an optical head ing a hol
member %fé.rgtfénf{§bd in an optical pick-up.

The opéical disc 51 mounted on this optical disc driving
apparatus is driven to rotate by a‘spigdle motor 11 on the CAV
(constant-angular-velocity recording) system.

By a laser beam with a wavelength of 640 nm being made
to irradiate this optical disc 51 through the operations of the
optical pick-up 12 and the optical head 1 as described below
information is recorded onto and reproduced from the optical
disc 51.

The signal processing system for use in the focus servo
operation is constructed as follows.

The voltage signal indicating the value C of the
electrostatic capacity, which has been taken out from the lens
holder 4 (FIG. 3) of the optical head 1, is supplied to a VCO
(voltage-controlled oscillator) 13.

The VCO 13 consists of a LC oscillator and outputs a
signal having an oscillation frequency f as is given in the
following expression (5) according to the value C of the
electrostatic capacity indicated by the voltage signal and the

inductance L having a fixed value inside the VCO 13.
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an optical neans having the function of an objective | ens focusing a |aser

. beamto irradiate the optical recording nmedium and an optical neans having
the function of a solid imersion | ens di sposed between the objective | ens
and the optical recording nediumwhile keeping a fixed di stance between the
objective lens and the solid imersion lens as well as a noving nechani sm
for noving the holder nmenber in a direction along an optical axis of the

| aser beam in which an electrically conductive naterial is used on a
surface of the dptitA? fad faci.ng5fo the optical recording nedium and

si gnal processing nmeans that produces, according to the electrostatic

capacity, fornmed by the electrically.conductive terial, and the optica
recordi%ﬁeﬁ%di W é%%f?ﬁ?mgfbn&F ﬁﬁraﬁﬁumeg_tﬁgEd%H%(ﬁﬁaﬁﬁ}%ﬂﬁg st ance
bet ween,t he, sol.id | rsi,on | en nd e qgptical recording nedium as

nmeasur eanf‘ﬁd‘?h‘éh%p‘%mfa"ﬂ ﬁqud‘lir Z:é’t ilbﬂ, “&her ein the hol der nenber is noved
by the noving nechanism according to the control signal._ 6. The driving
apparatus for afngptthe)aiediryiiRy SrediCuPMacd8PdPly 284 399 Ay, thferein the
si gnal processing neans includes a neans for generating a signal whose
frequen¥@lees phaRt HfrfRiertnesidtdcd SAPBCHELAS ar esReRfel (e ly Recamect’rost at i ¢
capacitg, a means for generating a predeterm ned reference signal, and a
means f 82 PFeodlci®y Riwe o @F angndl- B} BBnpEPNngheiexpressdgiamd 4)requency
and phase of the signal with that of the reference signal. 7. The driving
appar at tespeetivelip: i dwicarsimadiyng thediconraspending escillatnda® or 6,
wherein _ the nunerical aperture of a |lens group consisting of the

obj ect i frefieencies f nf ddld ¥OGOiSr becomeehs 6RcMEzis 3, EMMHANS sifgnal
processi ng nmeans produces a signal for controlling the distance to fal
within 880 and 31 97 MHz from the expression (5), respectively.

CA9CA A2 AEAAAAAAAAAAAAALAAAAAAAAAAAA . A(S. A
MEc\CH The output signal of the VCO 13, along with a signal

A{vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cTa] ca] ca] ca]ca] ca]ca]ca]c
E}ﬂCa]CﬁhVﬁhQaiCﬁéféﬂéﬁdé%ﬂﬂéqﬂeﬁ&bcﬁﬁi$QTUMLMHE"#ﬂ5ﬁﬁf§Q)dﬁe.ﬂndﬁheﬁb§527899
} xsni d_d&hhaa] €6] €k co el 1] v CaleqaknalC &) 68] €nécedoal T adwhaamhancal cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! D

224A1 CUEREEA Kd L§a©QRP=5y RENQUWRIASESSSTGHTPTET ek 4 nd cvo%d catasdapld ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca! Udbh¥¥Kétxéd [ &dd4T1atiorac dddf A" isuppil Kerogbt & virn, Wpded1wllerr] ca] cal ¢

aJca] ca] ca]cal ca]ca]ca] ca]ca]ca]calc

a] ca] caheefcyalsaégf«} G GAlfGRlquined] ?aFﬁalaéaé’bﬁ Yoy Bl { | #-EGE #Y+, | wr mh
c”Y] ] ca] caJca] ca] ca]calca]ca]calca]ca]calca]calca]calcalcalcalcalcalcalcalc
a] ca] ca] ca] ca] cahgapgr] RdSMlares the frequency and phase of the

output signal of the VCO 13 and those of the output signal of

the VCXO 14 and outputs a signal corresponding to the error

between the output both signals with respect to the frequency

and phase. |

The output signal of the PLL 15 is phase-compensated by
a phase compensator circuit 16 and then is amplified by an
amplifier 17. Thereafter, the resulting signal is supplied to

the focus actuator 5a of the electromagnetic actuator 5 of the

optical head 1 as a control signal for controlling the air gap.
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h& ()-f10% h& ()-L10% h& ()- 0 10% h(h& ()-110% h& ()-2\iH f, 1090l hl h. Lf;
10% hl h& ()-1 f810% h& ()-96Y10% h& ()- 4-#10% h& ()-1s!10% h& ()-. "10%
h& ()-~C "? f 1@&&0ﬁdbﬁiwadﬁﬁdﬁ0ﬂ&5w$h@m&s(ﬁhe{m¢n9@ho£ﬁ¢$ _4 \in 309 h h& () -
| "10% h h& ()-, 10l hl h10lhlhC E F G H 60~_
f, 10@&0#@9&&8&(axfﬂﬁﬂﬂiwdﬁﬂﬂonsbc%b&%hn& tb this control signal. This
makes the air gap controlled to be 50 nm and also the distance
between the objective lens 3 and the optical disc 51 is also
controlled to be fixed. Thus, the focus servo is realized.
On the other hand, the signal processing system used for
the tracking servo operation is constructed as follows.
FIG. 6 illustrates an example of the structure of the
optical pick-up 12. A linearly polarized laser beam L having a
wavelength of 640 nm, which is emitted from a semiconductor
laser 31, is made to be a parallel light by a collimator lens
32. The parallel light is separated by a diffraction grating 33
into a main beam (the 0th order light) and side beams (the t 1lst
order lights) and its plane of polarization is rotated by a 1/2-
wavelength plate 34. Then, the resulting beam enters a
polarized-beam splitter 35.
Most of this incoming beam passes through the
polarized-beam splitter 35 and is made to be a circularly
polarized light by a l/4-wavelength plate 36. The resulting
beam is focused by the objective lens 2 and the SIL 3 (FIG. 3)
of the optical head 1 and irradiates a signal recording surface
of the optical disc 51.
Additionally, part of the incoming beam is reflected by

the polarized-beam splitter 35 and then passes through a

condenser lens 39 enter a photo-detector 40 for monitoring the
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f,10' r#10%h& ()-Y 10 h 10 h 10 h,<t10% h& ()-! +#10% h
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intensity of the laser beam.

The laser beam reflected by the signal-recording surface
of the optical disc 51 passes through the optical head 1 and is
made to be a linearly polarized light orthogonal to the original
one by the l/4-wavelength plate 36. The resulting light is
reflected by the polarized-beam splitter 35 and the reflected
light passes tﬁrough a condenser lens 37 to enter a photo-
detector 38 for detecting a tracking e;ror signal and a RF
signal.

As illustrated in FIG. 7, in the photo-detector 38,
there are disposed four-divided light-receiving elements (photo-
diodes) 38A to 38D for receiving the main beam at a central
portion thereof. On both sides thereof, there are disposed two-
divided light-receiving elements 38E, 38F and 38G, 38H for
receiving the sidebeams. Thus, the photo-detector 38 is a photo-
detector that is divided into eight elements.

The output signals A to H of the respective light-
receiving elements 38A to 38H of the photo-detector 38 are

- amplified by a head amplifier 18 and then supplied to a tracking
matrix circuit 19 as illustrated in FIG. 5.

The tracking matrix circuit 19 generates a tracking
error signal TE by performing the calculation of the following
expression (6) according to the output signals A to H.

TE = (A+D) - (B+C)

+ k + {(E-F) + (G-H)} ... (6)
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where k represents a constant.

Additionally, the output signals A to D of the
respective light-receiving elements 38A to 38D of the photo-
detector 38 are amplified by a head amplifier 18, and then also
supplied to the reproduction signal processing system (not
illustrated) of this optical disc driving apparatus. In this
reproduction signal processing system, a reproduction RF signal
RF is generated by performing the calcglation of the following
expression (7).

RF = A+B+C+D ... (7)

The tracking error signal TE is phase-compensated by a
phase compensator 20, amplified by an amplifier 21, and then
supplied to the tracking actuator 5b of the electromagnetic
actuator 5 of the optical head 1.

The tracking actuator 5b mbves the lens holder 4
according to the tracking error signal TE in a direction along
the disc surface of the optical disc 51, thus the tracking servo
control being'realized.

These focus servo and tracking servo control operations
are performed under the control of a CPU 22.

Moreover, the output signal of the photo-detector 40
(FIG. 6) for monitoring the optical pick-up 12 is supplied to an
APC (automatic power control) circuit 23, which adjusts, under

the control of the CPU 22, the output level of the semiconductor

laser 31 (FIG. 6) of the optical pick-up 12 so that the value of
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the output signal of the photo-detector 40 may coincide with a
predetermined reference value (there are two reference values
therefor, one being for the recording mode and the othér being
for the reproduction mode).
As described above, according to this optical disc
driving apparatus, as a result of using the solid immersion
lens, the numeéical aperture is made to be approximately 1. 5
and besides, control of the air gap to"50 nm (size allbwing no
fall in the intensity of the laser beam irradiating the signal-
recording surface of the optical disc 51) is performed according
to the electrostatic capacity with high precision.
Furthermoré, according to this optical disc driving
apparatus, because the focus servo is realized with a single
focus actuator 5a (FIG. 3), compared to the case where two focus
actuators are needed, one being for moving the holder retaining
the solid immersion lens and the other being for moving the
holder retaining the objective lens, the focus actuator is
further simplified.
Also, because the focus servo is realized through a
single signal processing system from the VCO 13 based on the
electrostatic capacity to amplifier 17 (FIG. 5), compared to the
case where two signal processing, one being systems are required
for the focus servo, for generating a control signal for

controlling the air gap according to the electrostatic capacity

and the other being for generating a control signal for
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controlling the distance between the objective lens and the

optical disc (e.g. the matrix processing of the output signal of
the photo-detector which receiveé the laser beam reflected by
the optical disc), the signal processing for the focus servo is
further simplified.

Moreover, as illustrated in FIG. 4, because there is
formed the eleétrostatic capacity between the SIL 3 itself and
the optical disc 51 by forming the aluéinum film 6 on the bottom
surface of the SIL 3, compared to the case where the
electrostatic capacity is formed, for example, between the lens
holder 4 and the optical disc 51, the value C of the
electrostatic capacity is made larger due to the reduction in
the distance between the aluminum film 6 and the optical disc
51. Therefore, it is possible to produce the control signal for
the focus servo according to the electrostatic capacity with
higher precision.

Furthermore, because the central portion 3a of the
bottom surface of the SIL 3 is made into the protrusion and, on
the peripheral portion 3b thereof, the aluminum film 6 is formed
thinner than the height of this protrusion, when the air gap is
controlled using the central portion 3a as a reference, there is
no possibility that the aluminum film 6 will approach the
optical disc 51 closer than o the central portion 3a does to
contact with the optical disc 51.

In addition, because the central portion 3a of the

24



10h110nr10%ﬂ&f()-! | " #10%MNMN&' () - @Pr PPmQQQRaB~_ @ 10F 10% h& () -10%
. h& ()-110% h& ()-! #10%&' ()-Y!'10% h& ()-F SZ10% h& () - RASQSSSTCTaB~_@
102#10% h& ()-0"10% h& ()-.10% h& ()-Y ,10% h& ()-!,,*10%.hLh& ()-!10%
h& ()- CTTTTTTTTUxnb@ 10! v! 10% h h& ()- 10 h 10 h 10 h3=10% h& ()-Y 910%
h& ()-7 10% h& ()-,5S 10% h&' () - UVGX} XYKZNZOZzX9. @ 10 h =10% h&' ()-! F+#10%
h h& ()- F+#10% h& () -!'y#10%&' () -! v#10%p& ()-!#10%h& () - ZPZQZ[ *[K[[[] K@
10 h =10% #10% & ()- '10% & ()-FF'10% & ()-!P 110% =
bottom surface of the SIL 3 protrudes, the remaining portion of
the optical head 1 is retreated from the optical disc 51
accordingly. Therefore, even when the entire optical head 1 is
inclined with respect to the optical disc 51, there is less
possibility that the optical head 1 will contact with the
optical disc 51.
Also, és illustrated in FIG. 3, because it is arranged
that the value C of the electrostatic ;apacity can be detected
through the lens holder 4 by electrically connecting the
aluminum film 6 to the aluminum-made lens holder 4, the value C
of the electrostatic capacity can easily be detected.
Additionally, in the above example, the optical head 1
is provided with two lenses of the objective lens 2 and the SIL
3 as the optical means having the function of an objective lens
for focusing the laser beam to irradiate the optical disc and
the optical means having the function of a solid immersion lens
disposed between the objective lens and the optical disc.
However, the present invention is not limited thereto.
For instance, it may be arranged that the optical head is
provided with a single optical element that has both of the
function of an objective lens and the function of a solid
immersion lens.
As such a single optical element, for example, there can

be cited a reflection type light condensing element that is

described in the Chul Woo Lee et al's thesis entitled "
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Feasibility study on near field optical memory using a
catadioptric optical system", carried on pages 137 to 139 of
"Digest of Optical Data Storage" published by Aspen company in
1998.

Alternatively, as the optical means having the function
of an objective lens and the optical means having the function
of a solid immérsion lens, three or more optical elements may be
provided in the optical head or a holoéram element may be
provided in the optical head.

Also, in the above example, the present invention is
applied to the driving apparatus for a phase-change type optical
disc. However, the present invention may be also applied to a
driving apparatus for a magneto-optical disc, a driving
apparatus for an optical disc dédicated to reproduction only, or
a driving apparatus for an optical recording medium (e.g. an
optical card) other than the optical disc.

The present invention is not limited to the above-
described example and of course permits other various
constructions can be made without departing from the scope of
the invention.

As having described above, according to the optical head
of the present invention, the numerical aperture can be made
large (e.g. more than 1) by means of the solid immersion lens
and besides, the control for making the air gap sufficiently

small (e.g. within 100 nm) can be performed according to the
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electrostatic capacity with high precision. Furthermore, focus
servo can be realized with a single moving mechanism (actuator).
Therefore, it is possible to further simplify the moving
mechanism for performing focus servo.

Moreover, on the side of the focus servo system of the
driving apparatus for an optical recording medium, it is also
possible to reélize focus servo with a single signal processing
system based on the electrostatic capaéity. This advantageously
makes it also possible to further simplify the signal processing
for the purpose of executing the focus servo.

In addition, the central portion of a surface of the
solid immersion lens facing the optical recording medium is made
into a protrusion a peripheral portion around the protrusion
being made flat, and on this peripheral portion being formed a
film made of an electrically conductive material to form an
electrostatic capacity between the solid immersion lens itself
and the optical recording medium. When arranged in this manner,
compared to the case, e.g. Where the electrostatic capacity is
formed between the holder member and the optical recording
medium, the value of the electrostatic capacity can be made
large by making small of the distance between the electrically
conductive material and the optical recording medium.
Therefore, it advantageously becomes possible to produce the

control signal based on the electrostatic capacity with higher

precision.
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facing surface protrudes, the remaining portion of the optical
head is retreated away from the optical recording medium.
Therefore, even when the entire optical head has been inclined
with respect to the optical recording medium, it advantageously
becomes less possible that the optical head will contact with
the optical reéording medium.

Furthermore, if it is arranged”to electrically connect
the holder member using an electrically conductive material and
the electrically conductive film of the peripheral portion of
the solid immersion lens, it is then possible to detect the
value of the electrostatic capacity through the holder member.
Therefore, it advantageously becomes possible to easily detect
the value of the electrostatic capacity.

Next, according to the driving apparatus for an optical
recording medium by the present invention, it is possible to
make the numerical aperture large with the solid immersion lens
and besides, to perform a control for making the air gap
sufficiently small according to the electrostatic capacity with
high accuracy. Furthermore, it is possible to realize the focus
servo with a single moving mechanism and a single signal
processing system based on the electrostatic capacity.

Therefore, it is advantageously possible to further simplify the

moving mechanism and signal processing for the focus servo.
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CLAIMS

1. An optical head comprising

a holder member for retaining an optical means having
the function of an objective lens focusing a laser beam to
irradiate an optical recording medium and an optical means
having the funétion of a solid immersion lens disposed between
the objective lens and the optical recgrding medium while
keeping a fixed distance. between the objective lens and the
solid immersion lens, and

a moving mechanism for moving the holder member in a
direction along an optical axis of the laser beam, wherein

an electrically conductive material is used on a surface

of the optical head facing the optical recording medium.

2. The optical head according to claim 1, wherein a
surface of the solid immersion lens facing the optical recording
medium is caused to protrude at its central portion and its
peripheral portion being made flat, and a film made of an
electrically conductive base material being formed on the

peripheral portion.
3. The optical head according to claim 2, wherein an

electrically conductive material is used for the holder member,

and the film formed on the peripheral portion is electrically
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connected to the holder member.

4. The optical head according to any one of claims 1 to
3, wherein the numerical aperture of a lens group consisting of

the objective lens and the solid immersion lens exceeds 1.

5. A dfiving apparatus for an optical recording medium,
for driving the optical recording medi&h to perform either of
the recording of information onto the optical recording medium
and the reproduction of information from the optical recording
medium, comprising

an optical head including a holder member for retaining
an optical means having the function of an objective lens
focusing a laser beam to irradiate the optical recording medium
and an optical means having the function of a solid immersion
lens disposed between the objective lens and the optical
recording medium while keeping a fixed distance between the
objective lens and the solid immersion lens as well as a moving
mechanism for moving the holder member in a direction along an -
optical axis of the laser beam, in which an electrically
conductive material is used on a surface of the optical head
facing to the optical recording medium, and

signal processing means that produces, according to the
electrostatic capacity formed by the electrically conductive

material and the optical recording medium, a control signal for
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the holder member is moved by the moving mechanism

according to the control signal.

6. The“driving apparatus for an optical recording medium
according to claim 5, wherein the sign;l processing means
includes a means for generating a signal whose frequency or
phase changes in accordance with a change of the electrostatic
capacity, a means for generating a predetermined refereﬁce
signal, and a means for producing the control signal by
comparing either of the frequency and phase of the signal with

that of the reference signal.

7. The driving apparatus for an optical recording medium
according to claim 5 or 6, wherein

the numerical aperture of a lens group consisting of the
objective lens and the solid immersion lens exceeds 1, and

the signal processing means produces a signal for

controlling the distance to fall within 100 nm.
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