24 May 2005 DESCRI PTI ON OPTI CAL HEAD AND DRI VI NG APPARA‘%E FC?%&ETICAL
RECORDI NG MEDI UM  TECHNI CAL FI ELD The present invention b ¥a

‘technical field for recording information and reproducing it using an
optical recording nmedium Particularly, the invention relates to what. is
suitably used for achieving high-density recording by increasing.the
nuneri cal aperture of an objective lens for focusing a | aser beam
BACKGROUND ART I n recent years, gﬁé Pasy been a demand for increasing the
recording density of a remwitab? i'sc such as a phase- change type opti cal
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di sc. in recording den5|ty is realized by making small of
t he sp§?h§5F§§ gfégplaser beamirradiating a signal-recording surface of

the optical d s_ known t.hat e spot size t er near the .
wavel engt h k EﬁetBﬁe?%%grlQﬁﬁﬂﬁlogb@@HHPH %8 ?h%eéQﬁﬁqél Ai%&ae% Formation
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~equation (1). d =_1.22 X/ NA Sl 24 May 2005
recordlng medium. Particularly, the invention relates to what

is suitably used for achieving high-density recording by
incfeaéing the numerical aperture of aﬁ objective lens for
focusing a laser beam.
BACKGROURD ART

In recent years, there has been a demand for increaéing
the recording density of a rewritable disc such as a phase-
change type optical disc or a magnetb—optical disc in order to
enéble 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 folldwing equation (1).

d=1.22 - A/NA ... (1)




Accordingly, the shorter the wavel ength of the |aser bean&iﬁ@agﬂg$he
greater-the nunerical aperture of the objective lens is, 4 My | er 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 method using a solid inmrersion lens. Stating in terns of its principle,
as illustrated in FIG 1A, this nethod di sposes, between an objective |ens

61 and an opat€atdthdly 6%hed shOlricdri ¥HBI #h081b68HSh (o lhbIaghese surfaces
facing the objective lens 61 and optical disc 62 are a spherical surface
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passed through the objective lens 61 to y enter the spherical
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this end, as jllustrated in FIG 1B, the pethod causes the | aser beam L
that has pasSetFii ddgiheEAe 8hj 1EFi RELReHI®L 3% HdustrakedsdRerical 2 24
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FIG. 1A, this method disposes, between an objective lens 61 and
an optical disc 62, a solid immersion lens (SIL) 63 whose
surfaces facing the objective lens 61 and optical disc 62 are a

spherical surface 63a and a flat surface 63b, respectively and

causes a laser beam L having passed through the objective lens
61 to vertically enter the spherical surface 63a of the SIL 63
and to focus on a central portion of the flat surface 63b.

- Assuming that n represents the refractive index of the SIL 63,

the numerical aperture (effective numerical éperture) of a lens
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 nZ 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 methbd causes the laser beam L that

has passed through the objective lens 61 to enter the spherical




surface 63a of the SIL 63 -at an incidence angle different fhfn] bge angl e
vertical to this spherical surface 63a, thereby causing t ReMB P9 heam L to
be sonewhat refracted by the spherical surface 63a. In, for exanple, S. M
Mansfield et al's thesis entitled "H gh-numerical-aperture |ens, system
for optical storage", <carried on pages 305 to 307 of "Optics Letter" the
18th issue, published in 1993 (hereinafter called. "reference literature
no. Eurfade $3aMBRI €hetshl ' 63 thesS qitidened ;élhlg@é-aiff&@fpé IGalp data
storage", carried on pages 141 to 143 of "Applied Physics Letter” the 68th
| ssue pRUBhhsBRedei-P;d P64 ha &l 615 L3l | oLetere L;t.erature no.

2"), it is Pepor?edlthattgy fﬁiqﬁg%ﬁ%é%augﬁgéa? eggéf?%%?#%éfsion I'ens, the
nuner i .ape r ' ' ' \Y: en the nunerica
apor t GPasRACERY" S 80F AR, b B ARy, BeLREIPy R  Meen The
solid Jmmession, .| the optical disc'in a direction along an optica
axi s S@ﬁg?%§5?a§%¥ %%%ﬁ?g%breases, the reflectance of a conponent of the

| aser beam which corresponds t e optigcal quantity exceeding 1 of

nuneri cal ape;[fltﬂr Oﬁte’é&f‘ﬂ’ﬁeﬁ' s%%’gcﬁ%’{sq&ﬁ&dsﬂi GEL grﬁﬁéﬁ“’%*%r? ed
incregses, As a resylt of'thiﬁ_phenonenon,“the [ntensity of the |aser beam
per meafrAY-PRABCELFR H3RATr SO SiSn SYSERR £PFa0PEITHY SHREadR ircal di sc
rapidly deteriorates. \Wen this air gap becomes nore than the range of the
proxi FREYIPHP Pagef 1381 d° 30dsPlof OPkdCEohBbReRT A riiforddsig t o t he

opti-cal .3 ----- i eeoo- .
PH! published in 1993 (hereinafter called "reference literature no.

~1"), H. J. Mamin et al's thesis entitled "Near-field 6ptica1
data storage", carried on pages 141 to 143 of "Applied Physics
Letter" the 68th issue, published in 1996 (hereinafter called
"reference- literature no. 2"5, it is reported that by the'méthod
using the solid immersion lens, the numerical aperture
exceeding 1 is realized.

By the way, when the numerical aperture exceeds 1 in

‘ that way, as the distance (air gap) between the solid immersion
lens and the optical disc in a direction along an optical axis
¢f the laser beam increases, the reflectance of a component of
the iaser beam which corresppnds_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.mbre than the range of the proximity field

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




24 May 2005 quantity exceeding 1 of nunerical apefture becones reflected
by the flat surface of the solid i mersion |ens. Therefo?é?MWH@05intensity
of . the laser beamirradiating the optical disc becomes renarkably low In

order to represent this specifically, FIG 2 is nade regarding each case

for the air gap of 0 nm 50 nm 100 nm 200 nmand 500 nmas follows.. The
di stance on the signal-recording surface of the optical disc as neasured

from Laaneseycextledllty SR xﬁimetﬂ%fallgﬁgarlesf@ %éc&h@g txgegfl%ttege tbg,.bsci ssa

axis. In contrast, the intensity o aser beamirradiatin is

si 0naknGeeondl grpiEd AL LIRS BINLIRAL bIohCLIR: Of AIG-dAIO Lo the

intensity of t ase eam at the spot centefr There air gap is

0 N i .axi s _FLG h t he .cal cul at ed I
o "t paReRaEtl o Othe EasBr sRA ¥ aliab iR e SIPbreA 4R HEOBES on { he
5|gnakéégﬁﬁggi£4 urface when the nunerical aperture NA = 1. 5 and the

wavel en m FIG 2 shows the followi ng. Wien the air gap is 50
nm  the inte sit¥_of the | aser heam.at the center of the spot is to an:
extent of 85 SBcPTI%E YN IGREISPIX APES: ERCGAEICA Y aiFIGa? i1 madem
However, when the air gap increases up to_ 100 nm the resulting intensity
beconE8IZPPIR%i FRAEISRASRD ot ben8iFngBRSPE Y0 RibePQ Mar,ail00gam, i 200 nm  When
the air gap reaches-200 nm the resulting intensity falls down to

appr o%n%{l%l PBmAs foddowsnt eABPt Jigkerce Hen dihe gdgnailsrecanding

surface of the optical disc as measure& from the center of the
spot of the laser beam is plotted on the absciséa axié. In
contrast, the intensity of the laser beam irradiating this
signal-recording surface (as expressed in terms of the ratio to
the intensity Qf the laser béam at the spot center thereof Qhen
the air gap is 0 nm) is plotted on the ordinate axis. FIG. 2
shows the calculated values of the intensity distribution
(Strehl intensity) of the laser beam onrthe 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
O‘nm.. However, when the air.gap increases up to 100 nm, the
- resulting intensity becomes approximately 60 % of the inﬁensity
when the aif 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.




.24 May 2005 Therefore, where the nunerical aperture exceg s 1, control
shoul-d be perforned so as to nake the air gap sufficient %N@H§p95(in t he
case of the exanple illustrated in FIG 2, so as to keep the air gap fal
within the range of 100 nmor less at the maxi num or preferably 50 nm or
so). O herwise, due to the fall in the intensity of the |aser beam
irradiating the signal-recording surface of the optical disc, .the
recordi ng pregi.si d roquction_precisjion wll | gadvant ageousl y
deteriorate. %gé%%goﬁgtﬁgggg¥q%§%gﬁgF }ﬁ&gsgpgg ?Egﬁ%?%¥¥ﬁ%%air gap small,
there is. also od . in ich the_optical. head havin an objective |lens
and sSPﬁEr?ﬁn%ﬁ%#%ﬁﬁh%uﬁ?ﬁﬁ%%ﬂgpl88 Fﬁe%@iﬂa¥% éh?(ﬁﬂﬁa rom t he opti cal
disc b he.air.  current i.nvolved by the rotation thereof as _in the case of
t he nﬁéﬁ%ﬂ‘?%e%%:'a’ﬁ TALL iy e CasHeOT chhe | RmiRke hluSkrathd ABd, ¢ he
intensity of the air current depends on_the |inear velocity of the optical
di sc, ¥4 tha%0 3t kaah &he alrnhgapatal b whtiday theoganget ofingtar-
velocity recording) system as the irradiating position of the |aser beam
i n t hBMr a8 6#S%idtethbmaginuRe arsprefiargely (30 e ars soghe track to be
~accessed changes), the ampbunt of floati-ng of. the head inconveniently
' chang@therwisge dofthg CV1( gpnthaninténsicty -ofeltdei lgseecbeainng) system
al so, the amount of-floating differs between optical disc devices whose
| i neairvefibriingshalisfijgnalfrempeding osteface\o @ theswiptticahi diset hod i s
difficult 5 .

- the recording precision and the reproduction precision will

disadvantageously deteriorate.
As the method of controlling so as to make the air gap

 small, there is also a method in which the optical head having

- an objective lens and solid immersion lens installed therein is

floated from the optical disc by the air current involved by the
rotation thereof as in the case of the magnetic head of a hard-
disc device.

Howevef, by this method, the intensity of the air
current depends on the linear velocity of the optical disc, so
that, for example, in the case of a CAV (constant-angular-
velocity recording) system, as the irradiating position of the
laser beam in the radial direction of the disc changes (i.e., as
the track to be accessed changes), the amount of flpatiﬁg of the
head inconveniently changes. 1In the case of a CLV (constant-
1inear—ve10¢ity 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




24 May 2005 to control the air gap with high precision. |n viewof the
above, the applicant of this patent application already ??N@szﬂsJapanese
Patent O fice (Japanese Patent Application Laid-COpen 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 inmmersion

|l ens Ry 5%§9§51iyﬁe%ﬁﬂ?&ﬁ&?vh&bp%ﬁ%gapgeHEQi glectrically conductive

material in the holder for retaini e solid imrersion | ens, thereby

causing the coptgol, ofst BOsid | Q%eigggggcgﬁﬁqﬁéggg?gl%gg an optical axis

of the solid "I'mersion l'ens 1n dccord W 7 Matic capacity

(capagi.t.ot ' thi.s el.ectricall onduct | material to be

perfo%hég&%ﬁ%gééﬁéﬁgg%é}(ﬁi%ﬁgglgohépgpeg¥ f?ﬁfé%sgﬁgiﬁg i(HaPABSSqi recti on

al ongthe optical axis hetween the object] | ens and the_optical disc.

Accor § F‘E‘ango}&?ﬂf%c%?%%.&?s"\&iﬁwm .S’Bn, brﬁ#iﬁg hds Haed -8?861‘%8%%0&1 he air

gap wi_th-high gnecjsion‘re ardl ess of the |inear velocity of the optical

i 5c. TPBVEDIVERE IR CONCEHIIAY ARy BRELGAL Bleambaud B OEREANGT esent

~applicant, two actuators are necessary as_an actuator for noving the |ens
i n t hBPBRERERT - t08 A1 AntdCaloAerarding meliiys e T8 Sa Pre¥LgusSer vo. One i s an

actuator for noving-the holder having the solid imersion |ens retained

t her ePYPVaRELPMELS AHANGES 40 ZetainoanfoRjemivivey lems pofderseabidng t he

objective |lens retained thereby. 6
Inmersion lens by respective separate holders and use

‘electrically conductive material in.the holder for retaining the
solid immersion lens, thereby causing the control of the
position in the direction along an optical axis of the solid
immersion lens in accordance with the electrostatic capacitf
(capacitor) formed with this electrically conductive matefial to
be performed independently of the control of the distance in the
direction along the optical axis bétween the objective lens and
the optical disc. According to this previous invention, it is
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 actuatbrs are necessary as an actuator
for moving the lens in the optical-axial direction for the
‘purpose of a focus sefvo. 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.




24 May 2005 Also, as the signal processing for producing a control signal
for focus servo, two kinds of signal processing are neced4dlay.208pe is the
signal processing for producing a control signal that is intended to
control the position of the solid imrersion lens in accordance with the

el ectrostati c QaRAaCi tk % to coﬁ?ﬁiH ﬁﬁééﬁ?éﬁh n%brgg%mg@%aﬁﬁe OQKRJEQTC'”Q a-

control- signal ‘Intén nce bjective |ens
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kEEplngugput signal of a photo-detector having received a laser beam
reflected from the optical disc}.

Embodiments of the present invention provide an optical
head and a driving apparatus for an optical recording medium,
which are capable of making the numerical aperture greater with a
solid immersion lens, controlling the air gap according to the
electrostatic capacity with high precision, and also making
simpler of the actuator and the signal processing for focus servo.
DISCLOSURE QOF THE INVENTION

According to a first aspect of the invention, there is
provided an optical head comprising:

& holder member for retaining an optical means having
the fﬁnction of an objective lens focusing a laser beam to
irradiate an optical recording  medium including an
electronically conductive material and an optical means having
the function of a solid immérsion lens disposed between the

objective lens and the optical recording medium while keeping a




24 May 2005 fixed distance between the objective lens and the solid

i mrersion | ens, and a noving nechani sm for moving the hol #May2RBer in a
di rection anng an optical axis of the |aser beam wherein an electrically
conductive material is used on a surface of the optical head facing the
optical recording medium a surface of the solid immersion lens at its
peri pher al portion is made flat, and a filnlnade of the electrically

conducty 4 Jmaigiishghcks B@W@é‘nor‘tweu@@é RS RO A AN so14d

el ectrica Iy conductive nateri al older t he

filmfongrgdsqpnt er eral portion is electrically connected to the
hol der nenbgran m@nﬁléhggtlcal head, the optical neans having the function

of an obj est [ ve, | #5180 dnaphLeely TRADSRAYERT (RS n Rt A0S, &y oLl d

imersion lens are ifitegra t ai ned

o st ance vggnaf e o Sl 805 00 Sgl g e restl o o

the sol i d .%?Z‘?‘é@é—‘ﬁ‘iﬂ ﬁﬁ”é#%gﬁﬂﬁé%ﬁ{yogc?mw R e ettt . SEkaPogfrect  on
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facing the Opt'(xguff%c%r%%n%hge%b ?ﬁme%%f%%lﬁgas 5% its peripheral
portion is made flat, and a film made of the electrically
conductive material is formed on the peripheral portion, and

an electrically conductive material is used in the
holder member, and the film formed on the peripheral portlon
is electrically connected to the holder member.

In this optical head, the optical means having the
function of an objective lens and optical means having the
function of a solid immersion lens are integrally retained by

- 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




el ectrostatic capacity is formed between this electricall conductive
material and the optical recording nedium Accordingly, i#g4¥¥3908 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 imrersion lens and the optical recording nediumas neasured in
the optical-axial direction, according to the electrostatic capacity, and

movi nge 1 bkl A8 ciRGCORdi NGo k0t MESLEOM M Ofh £ INAY oW1t 15 S
b e solid re

nmovi ng nechanism the objective I|ens and t imrersion 1éens
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to this control signal, with this moving mechanism, the objective
lens and the solid immersion lens are simultaneously moved in the
optical-axial direction. Consequently, the air gap is controlled
with high precision and simﬁltaneously the distance between the
objective lens and the optical disc is also controlled with high
precision. Thus, the focus servo is realized.
In this way, according to the above optical head, the
numerical aperture can be made great (e.g. more than 1) by the
Solid immersion lens. In addition, the control for making the
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 nmake sinpler of the signal
processing for the purpose of executing the focus servo. PhMenNe08Btica
head, a surface facing the optical recording nediumof the solid imersion
| ens may be provided with a protrusion at its central portion. As the
result, for exanple, conpared to the case where formng the electrostatic
capacity, e.g. between the holder nenber and the optical recording medi um

the valye Ofedhestghgst &gﬁﬁe&t CaRagi }e?rasf@sbeo'ﬂgk@ag P B degﬁsm"
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member and the optical recording medium, the value of the
electrostatic capacity can be increased by making small of the
distance between the electrically conductive material and the
optical recording medium. Therefore, it will be p0351ble to
produce the control signal based on the electrostatic capacity
with higher precision.
Also, as 1illustrated 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 1s 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

10




recording nmedium In the optical head, since an electrically conductive
material is used for the hol der nenber in order to el ectr?ﬂ&’qy)?ooéonnect

t he hol der nmenber and the electrically conductive film of the peripheral
portion of the solid imersion lens, it possible to detect the value of the
el ectrostatic capacity through the holder nmenber, thus allow ng the val ue
of the electrostatic capacity to be easily detected. According to a second

aspecty .f ﬁﬁﬁgﬁﬁé%ﬁéﬁfﬂﬁ¥%gﬁﬁﬁﬁgi h%%%YMﬂﬁq %o%%%%kn%i%ﬁ?%%%;%%gﬁgglan

optical recor riving thé optical recor

i ncludi 2_el ically conductive material to performeither of the
recorg%%%rggngﬂﬁ%iﬁgiion into the optical recording nmediumand the
reproduction o

o . n i cal di di -
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objective lens and the solid i rsjon len and a novin mechani sm f or
gty 1gngPEeEh o LI feas,

movi ng ¥h&PRoPEErP PqLk ¢ PP B S HgMER S 6Bt axis of the |aser

bea in which an electricall 11 24 2005 onductjve materi,al i s used
on g]surface of éh“§q§§gkég|ngg@pect gﬁ@/va ue of the electrostatic

capacity through the holder member, thus allowing the value of
the electrostatic capacity to be easily detected.

According to a second aspect of the invention, there is
provided a driving apparatus for an optical recording medium for
driving the optical recordihg medium, including an electriéally
conductive material to perform either of the recording of
information into 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, and a moving
mechanism for moving the holder member in a direction along an

optical -axis of the laser beam, in which an electrically

11




facing the optical recording nmedium and a signal processing neans that
produces, according to the electrostatic capacity forned ay 17905

el ectrically conductive naterial and the optical recording nmedium a
control signal for controlling the distance between the solid inmersion
|l ens and the optical recording nmediumas neasured in the optical -axi al
~direction, wherein the holder is nmoved by the noving nmechani sm according

to thecﬁﬁfﬁkﬁﬁvéiﬂ&@ériéﬂ %.%B éhgu?f%ééidfmﬁﬂ§' RibENShH@tqits

peri phera portion Is na m nmade of he e ec rlcally

conducpg;g]ga%ﬁélu%tiéajq&gggz gIR@dEQ@'RQﬁia' portion, and an

electric conductive materi 1S US in the holder nenber, and the

L he hol der | oeni S Tonale pRBELLREAR ne R AR bRaBLEEL! fald ydl%gmesct ed to

t he hol der nenber rivi atus T or ~an ica cording

e e e BE FoRE R o ltgfn'f&fnga PRl hea %lcgﬂﬁxtg;gg@u%@ G 32

processi ng nmean |ng a“con si‘gha co i st ance

Sﬁiﬁfﬁﬁﬁé,t@?&%?héggl &Y r@@%%le?%sigéﬁl?ﬁ@mﬁ SRREP ORI M. 5y

Cont r ool Sﬁiﬁ%tE@gﬁ)ertgai“#%“?te%ﬁgﬁﬁ%?%dﬁ ”lhﬁ%‘ﬁai@ﬁfj? 85

STl ROl O SR el b8 SBLLGSM Pl 3hRIegy 9B 21
direction,

wherein the holder is moved by the moving mechanism
according to the control signal,

a surface of the solid immersion lens at its peripheral
portion is made flat, and a film made of the electrically |
conductive material is formed on the peripheral portion, and

an electrically conductive material is used in the
holder member, and the thin film formed on the peripheral
portion is electrically connected to the holder member.

In this driving apparatus for an optical recording
medium there are provided not only the optical head, but also
the signal processing means for producing a control signal that
controls the distance between the solid immersion lens and the
optical recording medium according to the electrostatic

- capacity formed in that optical head. By moving the holder
member with the moving mechanism according to the control
signal, the air gap 1s controlled with high accuracy and

simultaneously the objective lens to optical disc distance is
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is realized. In this way, according to the driving apparatus for an

optical recording nedium it is possible to make the nunedf M 208%erture

| arge by neans of the solid imersion lens. In addition, it is possible to
make control with high precision for making the air gap sufficiently snal
according to the electrostatic capacity. Furthernore, it is possible to
realize the focus servo with a single noving nmechanismand a sort of

Signal PIREESHNSINARCIR el ashal ihatBPACLLY tndN¥3eys! BEABYI NG
mechani smand signal processing for Use”i'n the focus “Sérvo can"beé fmade to
be simplenhAddifionally, -this signal processing means of the driving
appar at'us for an optical recording nediumnmay be arranged to have a neans

changes. dependiho b a"shangecrrdindete LhEHER YY" ahREeRtys “s8h e Tor
- Sontr ol T EaRRE MRG b naf"aF BRERTpLaLER.DaBE” e BosBRHE bove
e el AT S, ST TR BT
LM DU Lol 1 Sah S L SR Lo Pl 5 MRc20B, UG 21
on an %%kh%%l %%%C %ﬂgﬁ t&%% 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 simﬁler. |
Additionally, this signal processing means of the
driving apparatus for an optical recording medium may be
arranged to have a means for generating a signal, either of the
frequency or the phase of which changes depending on a change in
the electrostatic capacity, a means for generating a
predetermined reference signal, and a means for producing a
control signal by comparing either of the frequency or phase of
the above signal with that of the reference.signal.
BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A and IB are diagrams illustrating the priﬁciple
according to which the numerical aberture is increased with a

SIL.
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nunerical aperture exceeds 1. FIG 3 is a side view, partlg in section, of
an exanple of the structure of an optical head according2 Ubﬂﬁgoﬁresent
invention. FIG 4 is a side viewillustrating a detailed exanple of the
structure of a bottomsurface of the SIL of FIG 3. FIG 5 is a block
diagramillustrating an exanple of the construction of a servo signal
processi ng systemof a driving apparatus for an optical disc according to
the present inggation;s 13 HYRY 20 anf!; [ [ am.jil ating
an exanpl e of tﬁg str&gturﬁﬂ%é)an é%t.eé?‘dﬁ?&gtéﬁgingl3?E55}%ﬁﬁgikye. 71is
a dia Hdpstdet Lrg an I t | S it.Len i ght. recelving

el eneg(?gé%%lﬂa pO(r)n?o!-Oget %ct or 38 BSEIHFI%? 6Eijd B%%?#@%]%E %C&%ﬁﬁ N THE
| NVENT, n. t-he f i escription, an explanation will be given of an
exarrpl%‘sjail\éngl %lc%pte%ghgémeé}gcn% |Snv1énti on is applied to a driving apparatus
for a phase-c e fype optical .disc. FI d.illustrates_an _exanple of the
construction (I;E?ﬂ’gn 3 opt itatt avdlefv‘{’xé)c?qtﬁyar}nopgﬁczépnpi ok- ap @ﬁ%ﬁﬁg
optical-disc- driving apparatus. Thi pti.cal head 1 conprjses an objective
ons B8 ok S struthile RIS LarT 4T o BRRR S dostE canind<t, EhanBEchsRE
~optical disc 51 nounted on the disc-driving apparatus, a solid inmmersion

|l ens (SIVERt30Fhat is di sposed between the optical disc 51 and

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 exémple 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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.the objective lens 2, a lens holder 4 that integrally holds these |enses
2 and 3, and an el ectromagnetic actuator 5 for noving t hPE M3y #90%i0l der 4
(a focus actuator 5a for noving in the optical-axial direction of the

| enses 2 and 3 and a tracking actuator 5b for noving 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 l'ens

hol der 4 is gRuedsbys opesf L tlaagtteat§ﬁaie§h§{§atﬂég]eg¢%fg%ea' ong the 14

24 May 2005 optical axis. It 1's thus arran _ jective lens 2
o SiguSkos SECMIAN IELAucepeter SR (he optical, axial
Super Spher o8+ 7 o ¥ Efiskiben IR kRpkTh {4 Yerameds o W cner cal
the sonaPPEiF Lol o8 Ao raeRIPLEr BIFPERES £1b Rt BURRETFAEEEPTT S8 mmde o
face thFggag al disc 51. In this condition the SIL 3 is held by the |ens

hol deP*4 *SIL 3 is designed sous to focus the | aser beam L . w thout
aberration (to satisfy the stigmatic focusing conditions). Assum ng that r

r epr eBERT MY FORYi GAFRFINGH QUTSBREr THEENTEMY and n represents the
refractive index of“the spherical surface, the thickness t of the SIL 3 as
nmeasured in {Retipticdldovdngadegrraption, i an runanatdenusiidd bee fol | owing
- given of an example-in which the presegt invention is applied to
a driving apparatus for a phase-change type optical disc.
FIG. 3 illustrates an example of the construction of an
optical head fixed in an optical pick-up of this optical-disc-
driving apparatus. | |
| This opticalrhead 1 comprises an objective lens 2 for
focusing a laser beam L to irradiate a phase-change type optical
 disc'51 mounted on the discwdriving apparatus, a solid immersion
lens (SIL) 3 that is disposed between the optical disc 51 and
. the objective lens 2, a lens holder 4 fhat integrally holds
these lenses 2 and 3, and an electromagnetic actuator 5 for
moving tﬁis lens holder 4 (a focus actuator 5a for moving in the
optical-axial direction of the lenses 2 and 3 and a trackihg
actuator 5b for moving in a direction along the disc.su;face of
the optical disc 51).
| In this way, the objective lens 2 and the SIL 3 are

H'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




expression (2). t =r (1+1/n) ... (2) In the reference Iitmag’t rg no. 2
above referred to, it 1is reported that the nunerical ape?ﬂ pr a |l ens
group consisting of the objective lens 2 and the SIL 3 (the effective
nunmerical aperture) NAeff is found fromthe nunerical aperture of the.
objective lens 2 NAobj and the refractive index n by the followng
expression (3). NAeff = n2 NAobj ... (3) 15 24 May 2005 By way of exanple,

a len I-AQ @+ AUMEE] C |ﬁﬂﬁ{t bj..=.0 5 4 | n used as .t he
obj ecﬁﬂ\}g\qagngﬁigéndﬂé J?éens éalvilrrﬁa&'&;é(&r JetprachPéeOil)i%%giﬁé glﬁn.s g?;aing used as
the SILL 3..,+AgC afel fromt expression_ ( t he NAeff becones
approﬁltlneatsgf:'yglgicg.ﬂ%ﬁ%c} %A FOSHS: RS K&ggfeﬁétﬁno?he (WFHCdsr  beam L
is, faor .exanple, 640 nm_.for . the reason:that has been expl|ained using FIG
57 nde PRt 0R A S s E Ao SREEeDRhITeR oty BRPTASd (n. { he
optical -axi al _di :rgit inigl?of the |aser beamL needs to be controlled wthin
100 nm even attenakl s 2T v Frashnm BRTEoCL Fr GPheLiqalst rates a
detailed exanple of the structure _of the bottomsurface of the SIL 3 of
FI G 3enPhils 6Bt 3WRY Uil dée IeneraldyaratiedD Separ SpharedLit Orcent r al
portion 3a is caused to protrude. Its peripheral portion 3b is nmade flat.
The wi'8YRerafighere $i'ght dm thdsc8ALr 3l pbetspreBEcal swifege 180 pm and 2

pm respectively. - . ) :
made to face the objective lens 2 and the surface opposite to

the spherical surface (hereinafter caliéd "a bottom surface") is
made to face the optical disc 51. In this condition'fhe 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—trof the SIL 3 as measured in
.the optical-axial direction is determined using the following
expression (2). |
. t=r - (141/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) NAgs is found from the numerical aperture of
the objective lens 2 NA.,4 and the refractive index n by the

following expression (3).

NAggr = N2+ NAgpj --. (3)
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On the peripheral portion 3b there is formed a filmé magg ﬁpﬁctrically
conductive material (by way of exanple, this is nade to May ¢ un) 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 aluminumfilm6 and the al um num nmade
reflection plane of the optical disc 51. The value C of this electrostatic
capacity is f ti epr.ese. area of a
surface where %Y 16 24 gleglgr ?‘%ﬁ%@é &EDTéIelrgailbaagj §& OhE opti cal

di sc are p r res ts t nce between

t he aﬁﬂ?ﬂ’num@pfﬁ J{“% Ige(r)ircfltﬁﬁ tggaltﬁ 8@3%3 l‘ﬁ" ezhfatﬂ’l%i (i‘i'wralﬁB Sexpr essi on
(4 C=¢e0 er S/h ... (4 mhere sO represents the vacuun1d|electr|c

const BaYing a gsxfractdvel dndex/ nnf; 1and3 eis regedsenttdet SELr 8lat i ve
dielectric constant (approximately 1 within the air). Since the dianmeter D
of t hceerdiorglsur fixca d¢het kapBetsBoni 631. ttﬁe A5 beniriesned above, the area
S becomes approximately 1. ‘766 x 1-0-6nR2. When the central portion 3a‘is

i N cogbmedx bl tie %pt'ﬁ'ﬁlergféfemwl]ﬁem. ng% B bt Qe 1he.di stance‘

h has “~a m ni nrum-val ue of approxi nate e air gap I nm

100 r 0 S C f t pm 2 1 pm
and éb&&nqqufeggggklv %Q Agggrﬁmhgﬁéf %ﬁg % a%?ggagaf I(:))‘5'91150 nm 100

r"nf”@&plalned using FIG. 2, the SIL 3 to optical disc 51 distance

(air gap) as measured in the optical-axial direction of the
laser beam L needs to be controlled within 100 nm even at

maximum. preferably to 50 nm or so.

FIG. 4 illustrates a detailed example of the structure

of the bottom surface of the SIL 3 of FIG. 3. This bottom
surface has a diameter D of 1. 5 mm and its central portion 3a

is caused to protrude. Its peripheral portion 3b is made flat.

The width ¢ and the height of the central portion 3a are about

40 ym and 2 pm, 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 thé 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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200 nm the values C of the resulting electrostatic capacithfs are found
fromthe expression (4) to be 7. 82 pF, 7. 63 pF, 7. . 45 Sﬁ,éﬂﬁ@°§. 11 pF
respectively. As illustrated in FIG 3, this alumnumfilm®6 is joined to
the Il ens holder 4 by a solder 7. The lens holder 4 is nade of an '
electrically conductive material (It is herein, e.g. alumnum. It is- thus
arranged that a voltage signal indicating the value C of the electrostatic

capaci ‘ f 7 2Q05 e.lens hol.der 4 (i.e, the
vaIuek%gggﬁ?ﬁggepgggg%ggé.i%ﬁ%ﬂ%&§b%¢?ggé% gésﬁe%gc?ﬁﬁiqﬁﬁo e 1 ens

hol der__4) . xt, _Fl illustrates an exanple of the construyction of a
focusegg%v8%§ﬁa ?P%gﬁiEEPE&ﬁ%R?%J%%?a%lB$BBg§sgﬁﬁw%%%tQﬂﬁ(ﬁiuW%FUHbticaI di sc
driving.,apparatus. in ich the optical head 1 of. FIG 3 is fixed in an
opti cgalﬁ‘i' gk‘:"ﬂé. 13"lci*?*leoli’) ‘farc]'alc{}tﬁcs%%l%ﬁﬁﬁ‘nf:% AL 1PN ARRERSSPEC dri vi ng
apparatuys is driven to rotate by a spindle notor 11 on the CAV
(consﬂéﬁt-angular-velocity recordi ng) system By a |aser beamw th a

wavel ength of 640 nm being made to irradiate this optical disc 51 through
t he operation€ sf el he eropt 6¢hl . pickdup 12 and the optical head 1 as
~described below information is recorded onto and reproduced fromthe
optical disc 51. The signal processing systemfor use in the focus servo
oper avhere| &0 cmprieseatedthe varnemnsdiglectumia apmssiagtal 8i n85¢axi hy- t he

val ue C of the : '

12 (F / m); and er represents the relative dielectric constant

(approximately 1 within the air).

Since the diameter D of the bottom surface of the SIL 3
is 1. 5 mm as mentioned above, the area S becomes approximately
1. 766 x 10-6m2. 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 um. When the air gap is 50
nm, 100 nm, and 200 nm, the distance h has values of about 2. 05
pm, 2. 1 pym, and 2. 2 um, respectively.

Accordingly,; when the air gap is 0, 50 nm, 100 nm and
200 nm, 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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el ectrostatic capacity, which has been taken out fromthe_| ens Bglder 4
(FIG 3) of the optical head 1, is supplied to a VCO (VOP?EG@;@ trolled
oscillator) 13. The VCO 13 consists of a LC oscillator and outputs a
'signal having an oscillation frequency f as is given in the follow ng.
expression (5) according to the value C of the electrostatic capacity:

I ndi cated by the voltage signal and the inductance L having a fixed val ue

insid h 8, 24. Nay ,2005 _f =1/ . 5 r.e, by way of
exanp%g% ﬁ?xgghégg%%e% Fh%% the Wﬁﬂﬂ@tgn8£ kﬁéi?%ﬁéﬁQQ%ggiﬁﬁo 13 is equal to
100 pH_ Wen the air ¢ is 0,.50n 00.nm and. 200, nm the values C of
the DRERRCotYatrn e, IPedtad ratoulll $BR) 1BBR REIAET B bE. 7. 63 pE. 7. 45
pF and 7. 11 BF fromthe expression (4), respectively. Accordingly, the.
cor r espondi ngNg&Er | F5Fi on * &Ss afn SFaWBEEMQf)@H?tﬁRﬂﬁﬁ?W@Fleg Mz, 5.
76 Mz 5. 83 Mz and 5. 97 MAz fromthe expression (5), respectively. The
out puPLsfgharudf SeRE \AYY tFackigqgyserva algnghaprodrining sYseeBr efice
frequency of 5. 76. Mz (nanely, the frequency equal to the oscillation

f r equ@BcPPEigal t hbs/cly ivEinguepparatss inhehich e aptivalnhpadwhieh is

out put froma VCXO (voltage- controlled oscillator) 14, is supplied to a
PLL (FR&se3| dekbixed ogp)anl ®ptdcrilngiak-aptrequency / phase comparator. The
PLL 15 conpares the-frequency and phase of the output signal of the VCO 13
and those of The optjcal siigwal5loimounted on this optical disc driving

' apparatus is driven to rotate by a'spiﬁdle 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 systém for use in the focus servo
operation is constructed as follows.

The vbltage 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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the VCXO 14 and outputs a signal corresponding to the errgr bet ween t he
out put both signals with respect to the frequency and ph éékW?W@5output
signal of the PLL 15 is phase-conpensated 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 el ectromagnetic _
actuator 5 of the optical head 1 as a control signal for controlling the
air gap. 19 2 X %0 The focgz actuator 5a noves the lens holder 4 in
the optical-a i al é £on “accd ing to this control signal. This nmakes
the air gap controlled to be 50 nmand al so the distance between the

obj ecwheezel, eby Bapnof tdwamgiid cdlt dissasbiméd whso theonindakkadctornbe fixed.
Thus, the focus servo is realized. On the other hand, the signal processing

systeﬁm&iﬂd £ne v¢¢Mﬂ3rinﬂequalszwqooppHat|on is constructed as fol | ows.
FIG. 6 illustrates an exanple of the structure of the optical pick-up 12.

A linearly powﬁénzeﬁlelaaﬁﬁrgagfqrg lo, h@w A, a1o00eve] eief poef n@40cAm Which is
enitted froma sem conductor I"aser - s made to be a paraIIeI light by a

col I'i gRtges! ensr S Jhe:tidsagl lcaﬁgéltfeél . g%&%‘{%’lg. aeb héaglion

grating 33 into a main beam (the Oth order eans (the 1st

order ghi gt ). g gt s ! Q%eﬁ,%f ahal 311 £R1pPNed oy ALY s Bod/ 2) wave] ength
pl at e 34 Then Tesulfifig beam énter's a polarize eam spl i ter 35.
NbSE,9&5b5b§1&é§§¥“'ﬂkdﬁ?ﬁghﬁi§§e%h&hégfggbégﬁalng oscillation
frequencies £ of the VCO 13 become 5. 69 MHz, 5. 76 MHz 5. 83
- MHz and 5.'97 MHz from the expression (5), respectively.
The output signal of the VCO 13, along with a signal
having a reference frequency of 5. 76 MHz (namely, the'frequency
.equal to the oscillation frequency f of the ¥CO 13 output when
the air gap is 50 nm), which is output from a VCXO (voltage-
controllied oscillator) 14, is supplied to a PLL (phase-locked
loop) 15 serving as a frequency / phase comparator.
The PLL 15 compares the frequency and phase of the
output signal of the VCO 13 and those of tﬁe 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 dontrol signal for controlling the air gap.
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pol ari zed-beam splitter 35 and is made to be a circularly ol arized |ight
by a 1/4-wavelength plate 36. The resulting beamis focuéd aﬁéopﬁe
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. i
Additionally, part of the incom ng beamis reflected by the pol arized-beam
splitter 35 and then passes through a condenser |ens.39 enter a '

o reert omdD ehlhe TRALIAGN bl el LheVBUn S adNLona] (eheOT 1 T aser

t
beam The |aser beamreflecte t'he "signal -réc g surfac € of the

f’fﬁéiﬁ'@l %%ﬁaﬁ%%teﬁfé%%t“%fi’%E—‘gtg%l?ﬂ%@f)' ?vﬁ%iah,? ?%?q]ﬁqaiﬁfgh%neﬁz?ﬁgﬁg e
- 36. T [ ' ' :
ool ar REBECOERM BbF | SR oM KAl ntor B SRUBR =M e dReciekaBGgn

condenser lens 37 to enter a phqato- detector 38 for detecting a tracking
error PEEYREP ERY PIgCtiNgdgns ﬁsapﬁlﬁgFrﬁPE&F¢¥lqﬂﬁ§ 54, 1snadge
photo-detector 38, there are disposed four-divided |ight-receiving

el eneFORLLRhLES- tQ| brickixetha THuggpther Loeesi seTNp tise re@ildizedam at a
central portion thereof. On both sides thereof, there are disposed two-
di vi ded | i ght ORetbevoRpr hansht £hegEigssk procssENR&EYstem usedeifeirng t he

'si debeams. Thus, the photo-detector 38 is a photo- detector that is divided

i nt o &hghtratkhetervthepsrapirnsignabssiaracted afs thedlowspective | i ght -

i FIG. 6 illustrates anrexample ;f the structure of the
optical pick-up 12. A linearly polarized laser beam L having a
wavelength pf 640 nm, which is emittéd from a semicon&uctor
laser 31,_is made to be a parallel light bf 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 % 1lst
Qrder lights) and its plane of polarization is rotated by a 1/2-
wavelength plate 34. Then, the reéulting beam enters a
polarized-beam splitter 35.
| Most of this incoming beam pésses through the

~ polarized-beam splitter 35 and is made to be a circularly
polarized light by a 1/4—wavelength plate 35. 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 aﬁd then passes through a

condenser lens 39 enter a photo-detector 40 for monitoring the
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receiving elenents 38A to 38H of the photo-detector 38 are amplified by a
head anplifier 18 and then supplied to a tracking mat ri x24Ma¥gPP® 19 as
illustrated in FIG 5. The tracking matrix circuit 19 generates a tracking
error signal TE by performng the calculation of the follow ng expression
(6) according to the output signals Ato H TE _ (A+tD - (B+C) + k {(E-F) +
(GH} ... (6) 21 24 May 2005 where k represents a constant. '

Addit&ﬁg@é%%r¥gg§§%#%9%%e§igﬁgh§ Ato D of the respective |ight-receiving

el enent's the photo- detector 38 are anplified by a head
anplifier 18, | SO lied, to,the reproduction signal. processin
Sybtem (not " TP k7S R0 r T RBvER Phor b el AR s PReaBhn This ™
d ' ' I ' dyct i RF .si . . RF

Goner G P8y ORI vy PRePaaran! Ao oraBf PG e LeRBRedSi on (7).
s chigestaan i Haeniy! PPESaBpLhEtn| Shokaatoel” R LhR.EIBERSF, Ci 1y °
the trackjng actuator 5b of the_ el ectromagnetic _actuatqr 5 of the optical
head @neThE thedkidryayedlerobh BhaEBvVE&- t HENG RS WA 149h%cdBrding to the

~tracking error signal TE in a_direction along the disc surface of the
opti cBf H?%%GQHPYthﬁﬁsPPHér%Fa@kbﬂgms%PL%ﬁter 35 and the reflected

light passes through a condenser lens 37 to enter a photo-
- detector 38 for detecting a tracking e;fof 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 toc 38D for recei?ing the main beam at a centrall
portion thereof. On both sides thereof, there are disposed-twb—
divided iightureCeiving 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 circﬁit 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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control being realized. These focus servo and tracking sek%gg&gﬁbgol
operations are performed under the control of a CPU 22. * the

out put signal of the photo-detector 40 (FIG 6) for nonitoring the optical
pick-up 12 is supplied to an APC (automatic power control) circuit 23,

whi ch adjusts, under the control of the CPU 22, the output |evel of the
sem conductor laser 31 (FIG 6) of the optical pick-up 12 so that the

val ue_of 2% %4 %@g 005 the .output signal of the photo-detector 40 may
coi ncid& Wi th™ &P % & HsF ‘erence value (there are two reference
values therefor,.one bejng for the recqrdi ng node and_ the other being for
t he reproducti%ﬂdﬁﬁﬂ%§§fi%fcﬁﬂﬁnqqiﬂftaﬁ&ﬂgﬁlgc%oFﬂi%g°¥cFQQﬂ s optical disc

driving apparatus, as a result of using the solid inmersion lens, the
nurer FEEPeGhEYe Uk ¥t Fartiy g Bd eaepitaxPRRt &P 38D of thed Bhesrdes, control
of the air gap to 50 nm(size allowng no fall in the intensity of the
| aser ABEAATPF r 38l ate rlidigdyby 2 headr ampyifiey ak @nd Rdeppeleal di sc
51) is perforned according to the electrostatic capacity with high .
pr eci sHppliedrtdechm rreprashiortdiong stignahi propesshilg diysteady i(wioltg  appar at us,
_because the focus servo.is realized with a single focus actuator 5a (FIG
3), cahpusberated} hef ddsis wipdricallwdisocdsivanyg iepmparsatarse ndadétiisone bei ng
~for noving the holder retaining the solid imrersion |lens and the other
bei ngréproduertimn tdigyndiolpdeceasetiagnsggteng abyeutodietiens RFt béghatus
actuator is ' - _
'RF is generated by performing the calculation of the following
expression (7)..
RF = A+B+CH+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 moves 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 optidal 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 wvalue of
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further sinplified. Al so, because the focus servo is reallﬁgg t%rgugh a

si ngl e signal processing systemfromthe VCO 13 based on £ @88t rostatic
capacity to anplifier 17 (FIG 5), conpared to the case where two signal
processi ng, one being systens are required for the focus servo, for .
generating a control signal for controlling the air gap according to the
el ectrostatic capacity and the other being for generating a control 'signal
for 23,24 0 al.lin the ist nce etmeen i he pobjective |l ens and
t he %qé 8@% %Sgl?%a O% the 388 ané ofa¥ HeP Bt 5 'én&l of the
phot o- dete tor whi.ch receives the | aser beamreflected t he opti cal

di sc) PTPRE ?F&ﬁﬁ?dp¥%£%£%99ﬁ)WQ%HQ:H& SEusTEetYD ¥%;EEQHFéh§Fl§?§p|Ifled
Nbreo&&nggs illustrated in FILG 4, because there is forned the

el ect PEr capacheing e dina recerdingi nade fanghdthe ithes beangdi sc 51 by
formng the alumnumfjilm®6 on the bottom surface of the SIL 3, conpared
to th506a§89mﬁ%9§°@%%¢1Qﬂé%%kﬁstat|c capacity is formed, for exanplé,
between the lens holder 4 and the optical disc 51, the value C of the

el ectrost at i cABaflagrribed akaie,| &acgeorddog to this reptictalontiise t he di stance
between the alumnumfilm®6 and the optical disc 51. Therefore, it is

 possi Brévingpappacatuhe avm melsuditgndl uéing the dalids ismersiancording to

the el ectrostatic capacity with higher precision. Furthernore, because the
cent r aenper thenn@eenicadheperture is made to be approximately 1. 5

and besides, 6ontrol of the air gap to"SO 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. |

Furthermore, 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 fof 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
électrostatic 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 cépacity

and the other being for generating a control signalrfor
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bottom surface of the SIL 3 is made into the protrusion agg on he

peri pheral portion 3b thereof, the alumnumfilm®6 is for b’layt?ﬁp ner than

t he height of this protrusion, when the air gap is controlled using the

~central portion 3a as a reference, there is no possibility that the .
alumnumfilm®6 w |l approach the optical disc 51 closer than o the

central portion 3a does to contact with the optical disc 51. In addition,

becau entr é portion 3 f the .24 24 May 2005 bottom surface of
Che- Stons 25§ E Pl Bhe PRIALBbS etins o hfo RPIPCELYE it G ABRA 1 | o
retreat%q f@oglthe opticq{ di sc .51 accordin I%. Therefore, even_when the
ent i r OP5pFPLaPtREaktP 191 NG MASTASd PROFRSFABERE R ARyt iSdgnadi g€ 51,
there is Igss Bossibility_that the optical head 1 will contact with the
opt.i c&hegpipteTdetpetor Jdiqh yecedves therlesen, bepm sigfdectedsbyr r anged
that the value C of the electrostatic capacity can be detected through the
| ens KBRJEPtICR) @iselr ithe ISigseAnpPEOrRgsing Eeuhaifiddusnservo ise
al um num nade | ens, holder 4, the value C of the electrostatic capacity can
easi | fusthgst 8¢melifietidi tional Iy, in the above exanple, the optical head 1
Is provided with two | enses of the objective lens 2 and the SIL 3 as the
opti cal neansMhaedver i s fiddstsitaatefl dn Biiect | isedans: theref dsusi ng t he
. laser beamto irradiate the optical disc and the optical nmeans having the
f unct iformefl the odlettimuresiionchpasitydi bpbsesh betenvesyn, Bhatebllecande | ens and
t he-optical disc. ' - . '
the optical disc 51 by forming the aluminum 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 po§§ib1e 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 usihg 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
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However, the present invention is not limted thereto. For instance, it
may be arranged that the optical head is provided with a2§WW@@Q %ptical
~element that has both of the function of an objective I ens and the
function of a solid imersion |lens. As such a single optical elenent, for
exanple, there can be cited a reflection type |ight condensing el enent
that is described in the Chul Wo Lee et al's thesis entitled " 25 24 My
2005 Feasibility study on near field optical nmenory using a catadioptric
opt i cROLPH SRELagRreT dehd s Page ProFrudssi3bhef rempining pertdeni €41 Dat a

St or age” pubLisheqagi Aspen conpany in 1998. Alternatively, as the optical
means éfh@vpﬂglﬁﬁé headtl o Istrgatsisi drony shepepptignrl thisBl cal nmeans
having the function of a solid inmersion |lens, three or nore opti cal

el emecsomdyingdy . proveniiidie) tehveropihiepalthheant dre copilardr dmadl @miéat nmay be
provided in the optical head. Also, in the above exanple, the present

i nventined ined wpphi sebpert e dhevioptiappadasasst prelemhdselesange type
optical disc. However, the present invention may be also applied to a
drivi pgpssppalatystiay tharagnsicelopicadall i3, cénthdw iwidh apear atus for an
optical disc dedicated to reproduction only, or a driving apparatus for an
opticaptieadrdisg edium (e.g. an optical card) other than the optical
disc. The present invention is not limted to the above- '

Also, as illustrated in FIG. 3, because it is arranged
. that the value C of the eiédtrostatic ;apacity can be detected

through the lens holder 4 by electfically éonnecting 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 éf an objective lens
for focusing the laser beam to irrédiate 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 instancé, 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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descri bed exanple and of course permts other various con;éiu§bi§ns can be
made without. departing fromthe scope of the i nvent i on. 2A¥aR£0p g

- descri bed above, according to the optical head of the present invention,
the nunerical aperture can be nade Ilarge (e.g. nore than 1) by neans of
the solid imersion lens and besides, the control for nmaking the air gap
sufficiently small (e.g. within 100 nn) can be perforned according to the
26 24 May 2005 electrostatic capacity with high precision. Furthernore,

f ocus Fegdgipality peudeHn Axpiifielsd SPRaral TRy Msinidsm (actuator) .
Therefore, it is possible to further sinplify the noving nechani smfor

per f ocaitagipptusc septicalvawededy”, carrhedspucpages NS doud 38epfio syst em of
the driving apparatus for an optical recording nedium it is also

possi BDdgestr efll Ppeidak BatseStorvigel! publhghed shy e par compangginsyst em
based on the electrostatic capacity. This advantageously nakes it also
possi lBes8to further sinplify the signal processing for the purpose of
executing the focus servo. In addition, the central portion of a surface of
the solid inneternaciesby f an rhd loptiphi chbaneclhdvhimg tiRdifuficksofade into
~a protrusion a peripheral portion-around the protrusion being nmade flat,

and ogft BhSopgeéehes aemordidrnkeopgifel dass Hdvingmde ¢tnasiehectrically
conductive material _.to forman electrostatic capacity between the solid

iHrgr%Egﬁeééﬂﬁdiiﬂﬁﬁﬁsiéﬁ“iéﬂ@% Qﬁ&b@abrrﬂéféCBﬁE&dH%ﬁéﬂémeﬂhSnmﬁyrﬁéged in
provided in the optical head or a hologram 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—opticalrdisc, a driving
apparatus for an opticai disc dédicated to reproductioﬁ only, or
a driving apparatus for an opticaltrecording medium (e.dg. an
optical card) other than the optical disc.

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

As having described above, according to the éptical head
of the present invention, the numerical aperture'caﬁ be made
large (e.g. more than 1)} by means of the solid immersion lens

"and‘besides, the control for making the air gap éufficiently

small (e.g. within 100 nm) can be performed according to the
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conpared to the case, e.g. where the electrostatic capaci% “As fgrned
between the hol der nenber and the optical recording nedi'%;qyﬁgo al ue of
the electrostatic capacity can be nade |arge by making small of the

di stance between the electrically conductive nmaterial and the optical
recordi ng medium Therefore, it advantageously becones. possible to produce
the control signal based on the electrostatic capacity with higher '
precision. 27 24 May 2005 Al so, by the extent to which the central portion
of thislacddos§addert sapagiby rvibds highe PregdsAPRg pBREFRRITIIhEosySi cal

head is retreated away fromthe optical recording nedium Therefore, even
when tsrﬁéfv%lciaﬁleb@pﬂfﬁéiﬂ-zﬁ@a@msa fdagliensovasd mefhaniye pfesttuagortie opti cal
recordi ng medium it advantageously becones |ess possible that the optical
head Whdredomeac titwis hposhib bptticc fluntheor diimpl AEYi tie mawitdgernore, if it is
arranged to electrically connect the holder nenber using an electrically
conduatechanisme foal panflormivey efcents iseal/oy conductive filmof the periphera
portion of the solid inrersion lens, it,i.s then possible to detect the,

val ue of the eiogebrest abhcthapsaixid vit heugbcuBesbobdesysmsibait theherefore,
it advant ageously becones possi-ble to easily detect t%e val ue of the

el ect esivahigC appReatay. tdeXin crGendi recbedilg fedMuRg @PAY alys for an

optical recording nediumby the present invention, it is possible to nake
the nyRElisak 8petbyl €z¢ afdtusVisehvoh@itl hdsiAYEs Sd Rfhd1eProcessing
J'sYstem based on the electrostatic capaéity. This advgntagéously
makes it also possible to further simplify the signal processing
fof the purppse'of executing the focus servo.
In addition, the central portion of a surface of the
.solid immersion lens facing the optical reqording 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 condudtive 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.q. ﬁhere'the electrostatic capacity is
formed between the holder member and the optical-recording
mediuﬁ, the value of the eleétrostatic capacity can be made
large by making small of the distance between.the electrically
conductive material and the optical recording medium.
Therefofe, it advantageously becomes possible to produce the

control signal based on the electrostatic capacity with higher

precision.
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and besides, to performa control for nmaking the air gap %@%fiﬁi ntly
smal | according to the electrostatic capacity with high % y& 95
Furthernore, it is possible to realize the focus servo with a single
novi ng nechani sm and a single signal processing system based on the

el ectrostatic capacity. Therefore, it is advantageously possible to
further- sinplify the noving nechani smand signal processing for the.focus
servo. 28 24 May 2005 CLAIMS 1. An optical head conprising a hol der nenber
for retaini nghdsopphy ddie redeathiei whichhehé urentimml goranocobpécthi® | ens
focusing a | aser beamto irradiate an optical recording nedi umincluding
an elfecingcait faco phoattriudespatkei abmainimy mpttioal ofeahe optidal t he
function of a solid imersion |ens disposed between the objective | ens and

t he ophéadalsresorefitegl ERayUfrohthe &peptaD redordddgdneanme bet ween the
objective lens and the solid imersion |l ens, and a novi ng nmechani sm for

novi nghéhefbed dedvdtieiien ikRedentifechpOicdl Hhd®haePbbenl iaXifned the |aser
beam wherein an electrically conductive nmaterial is used on a surface of

the opiigaledifas farivhe bPeilRI F8kof&ERY dd\éaﬂunfreqituaavanéa{;é&s:@lgof t he
~solid imersion lens at its - peripheral portion’is made flat, and a film

made Bhcdfi€s less possible that the optical head will contact with
the optical recording medium.
‘Furthermore, if it is arranged“to electrically connect
. the holder member using an electriCallf conductivermaterial and
the electrically conductive film of the peripheral portion of
the solid immersion lens, it is then possible to detect tﬁe_
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 driﬁing 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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electrically conductive material is fornmed on the peripheral paoriion, and
an electrically conductive material is used in the holde 4E%W6§P, and t he
filmformed on the peripheral portion is electrically connected to the

hol der menber. 2. The optical head according to claim1, wherein a _
surface of the solid.imersion |lens facing the optical recording nmedium
protrudes at its central portion. 3. The optical head according to clains 1
or 2, wherein the nunerical apertuf&AdMSa | ens group consisting of the

obj ective lens and the sold i mersion | ens exceeds 1. 29 24 May 2005 4. A
driving apparatus for an optical recording nedium for driving the optical
recor di nd .neddnmepitichldhegdaromgirdetingcal | y conductive nmaterial to perform

either of the eﬁ rdingpﬁf information_ into the o t&cal recording nmedi um
and the reprq&u%?' *oPSPRPSr BT & FBﬁP?h@noﬁPF&EP PeesfdPAYtR8di um
conpri si RiedFudRitionl ofead bbgkuding 2eh8! 86buseARen (Qker'BEaRNEHT an

opti cal neans having the function of an objective |ens focusing a |aser
beam t o Arradiate pReoPsprpdarererdingnmgediukuimabdudingopri cal nmeans havi ng

ot L
bet ween hheielj ehti fantensnabd hheolsdl ismeésBEsni Denkedsispasdda novi ng
nEChaniSﬁh&%&egnnggoﬁggctive lens and the optical recording medium
while keeping a fixed distance between the objective lens
and the solid immersion lens, and
a moving mégianism 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 thé optical head facing the optical recording
medium,
& surface of the solid immersion lens at its
peripheral portion is made flat, and a film made of the
electrically conductive material is formed on the
- peripheral portion, and
' an electrically conductive material is used in the
holder member, and the film formed on the peripheral

portion is electrically connected to the holder member.

2. The optical head according to claim 1, wherein a
surface of the solid immersion lens facing the optical

recording medium protrudes at its central portion.

3. The optical head according to claims 1 or 2, wherein
-~ the numerical aperture of a lens group consisting of the

‘objective lens and the sold immersion lens exceeds 1.
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hol der nmenber in a direction along an optical axis of the h@ﬁ b geanl I n
which an electrically conductive material is wused on a sa? 3% 8 t he
optical -head facing the optical recording nedium and a signal processing
means that produces, according to the electrostatic capacity fornmed by the
electrically conductive material and the optical recording nmedium a
control - signal for controlling the distance between the solid i mersion

| ens and the optical recording nediumas neasured in the optical-axi al

direction, wherein .the holder nmepgber is noyed_ by the poving, mechani sm
according‘to Shgr&HﬁPﬁongﬁﬁﬁéP? §B§u??a88tb?a%hée§3¥¢ﬂn9d%%¢§@%n | ens at
its perEBbeE&E_vE&ﬁFt ERB bptiBde fLabrd®Rd Redibi) MBHeIRAidfeanel ectrically

conductive material is formed on the peripheral portion, and 30 24 My
2005 anedpetriradlyycenduativeenabersiadl tospestormneibkenodfietherenber, and

the filMLR6ERGINGNOENEnRELLRIELR! 0 PO QML E1 ELECLLLE RN Yo GROREGL €0 T O The

hol der rirving appara an-optTca recor g medi um
accor di ngntiothearepfodubeichnof snfdanstdbnt heomothd opEI®LFi on | ens facing
the optical recording. nmedium protrudes at its central portion. 6. The
driving 8pparatig 1o lﬂﬂ'oﬁ?mﬁéﬁs+%%ording medi um

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

-30lid immersion lens, and 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 the optical
recording medium, and

a 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 controlling the distance between the
solid immersion lens and the optical recording medium as
measured in the optical—axial direction,

wherein

the holder member is moved by the moving mechanism
according to the control signal,

a surface of the solid immersion lens at its
peripheral portion is made flat, and a film made of the
electrically conductive material is formed on the

peripheral portion, and
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according to claim4 or 5, wherein the signal processing _neans includes a
nmeans for generating a signal whose frequency or phase c%ﬁN@&@opﬁ
accordance with a change in the electrostatic capacity, a nmeans for
generating a predeterm ned reference signal, and a neans for producing
the control signal by conparing either of the frequency and phase of the
~signal with that of the reference signal. 7. The driving apparatus for an
optical recordnngleedricaldgcovddugtivechaterial 5isruedwhrereha t he

nunerica erture,of a |lens, group cgnsisting of the objective | ens and
the'solih°iﬁﬁ€r§?ﬂh3Fen§n xE gdgli? gaﬁﬂéﬁh%nsFﬁﬂaPef&Ek%£%4ng means
producespargignakisf 8lecePREa®iYi BInhBELdESEINERe IR0o1 @b Midlip 100nm 8. A
met hod o? controlling an air gap between an optical recording medi um and a

solid imersion lens in an 31 24 May 2005 optical head, in which an

opti cal ans V] h nciipn o the solid jmersion lens.is disposed
bet ween' T he O%Fgcgﬁgyé%gr%ﬁﬁééﬁg ?u%?fn%?uﬁ? bc%% %ﬁ%ﬁfﬁ#?%uwﬁgf%%ductive _
mat er i al acasfdingopbdi ebhimeapswhaveDg &hsuifaed i & ehe adoDiyjective |ens
focusing.,a | aser beamto irradiate the optical recording nmedi um
conpri si MPERRLICRepeRf HREIN| FRe t RELPRT cBpcPRARY MSEI R t he objective
lens angrbPPugoli gt {BBT S&RPrdENSoAEEch Nt egral ly retai ned by one hol der

menber; ‘and an electrically conductive naterial is used
6. The driving apparatus for an optical recording medium
according to claim 4 or 5, wherein the signal processing
means includes a means for generating a signal whose
frequency or phase changes in accordance with a change in

the electrostatic capacity, a means for generating a

pPredetermined reference 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 4, 5 or 6, wherein

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

the signal processing means produces a signal for

contreolling the distance to fall within 100nm.

8. A method of controlling an air gap between an optical

recording medium and a solid immersion lens in an
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on a surface of the optical head facing the optical recordin medi um
generating a control signal for controlling the distance 26 Maxe8R5t he solid
i mrersion lens and the optical recording nediumas nmeasured in a direction
along an optical axis of the |aser beamaccording to an electrostatic -
capacity forned by the electrically conductive material and the opti cal
recording nedium and noving the holder nmenber in the optical -axi al

di rectigpticedc heddngihowliieh cantopdiciilgmehns 3RadindBhe? 3 ctABRTRACT OF THE
DI SCLOSURE An optical head (1) having an optical neans for focusing a

| aser bgndol ildr Ak A oM &Y 116Ald ispeekdi BB Uhd %?tliic?l equi pped wi th
a Sol|

an objective lens (2) focusing a | aseér beamL, and I nmersion | ens

(3) di sposadiihet wEATwH hﬁl&bml%ﬁg; '_e%%}%&g?g%%&ér{b%@yéc?ﬂlatgfﬁgi_di ng

medi um (51), the head conpris integrafrly

retaini e 3 . d j _ i.sm, (.5a) ,for noving

t he ‘hol e'rta%eﬁgg?é?% rﬁ%&nﬁ ?%&Ji(nﬁ]ta oﬁgnggxglg?? fgg&\?rpg%:'?@(‘);%%?héepﬁnses (2)
and (3) eLn,an. el.e i,cal.l onductive material is ysed on.a surface
of the fg&u:gé.gxb he%%l?écl?e%{t e Topficares %t%r%ﬁ?fgc%dﬁeﬁﬁf(lf}fﬂ. meaﬁ .

nuneri ¢ lm %periturt ca bec%ade | arge by the solid imersion lens (3).

Mor eov &1 PERE A ¢ %f e controlled with high precision according to

the el ectrostatic capaciity fornmed_between the electrically conductive
material and tRECHH Igbﬁjﬁ%éﬁFﬂFﬁ& ead in which the objective lens

and the solid immersion lens are integrally retainéd by one
holder member; and an electrically conductive material is used
on a surface of the optical head facing the optical recording
medium,

generating a controi signal for controlling the diétance '
between the solid immersion lens and the optical recording
medium as measured in a direction along an optical axis of the
laser beam according to an electroétatic capacity formed by the
'electrically conductive material and the optical fecording
medium, and

moving the holder member in the optical-axial direction

according to the control signal.
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medi um (51). Furthernore, the noving nmechani sm (5a) and the signa
processing for the .focus servo, operation can be made si#pMay 2083

ABSTRACT OF THE DISCLOSURE

An optical head (1) having an optical'meanS'forvfocﬁsing
:-a lasér‘beam to irradiate an optical recording medium (51) is |
' équipped with-an ijective'iens (2) focusing a lééer1beam t, and
.a solid immersién lens (3) disposed between ﬁhe_objécfive lens

(2) and the opéical recording medium (51), the head comprising a
holder member (4) for integrally retai;ing the lenses (2) and
 (3) and a moving mechanism (5a) for moving the holder‘mémber in
ardirection along an optical axis of the lenses (2) and (3),
wherein an electrically conductive material is used on a surface

of the optical head facing the optical recording medium (51).

The numerical aperture can be made large by the solid immersion

lens (3). Moreover, the air gap can be controlled with high

precision according to the electrostatic capacity formed between

the electrically conductive material and the optical recording
medium (51). Furthermore, the moving mechanism (5a) and the

signal processing for the focus servo operation can be made

simpler.
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