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

di sc ofp @16%9%&;95%&53‘ %L_rgggac%%%ﬁﬁou ARG, ﬁ%&@g@i@@a 41%96 amount

of data su as noving-Vi |ncreaS|ng of the

di sc. in recording density is realized by maki ng snmall 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 .
mavelength k EﬁetBﬁe?%%grlQﬁﬁﬂﬁlogb@@HHPH %8 ?h%eéQﬁﬁqél Ai%&ae% Formation
the0r¥, be determ ned fromthe wavel ength k and the numerical aperture
NA of ?ﬁ@r bpgcwmaewsoq G 688§Pﬁ§c%ﬂ‘é 1‘F BBNDSHMARFICARL fol | owi ng

~equation (1). d =_1.22 X/ NA i 24 May 2005 Accordingl the
short§PcPH€1ﬂ%v%?@%Eﬂ+1(ﬁaqﬁ%§uﬂ&§ ¥e the invéntion relates to what

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

In recent years, there has been a demand for increaeing
the recording density of a rewritable disc such as a phase-
change type optical disc or a magnete—optical disc in order to
eneble 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)




beamis and the greater-the nunerical aperture of the objggb%v% %ens IS,
the smaller the spot size becones. This makes it possi bl Yile? ease the
recording density. As a nethod of increasing the nunerical aperture, there
is knowmn a nethod using a solid inrersion lens. Stating in ternms of its
principle, as illustrated in FIG 1A this nethod di sposes, between an
objective lens 61 and an optical disc 62, a solid imersion lens (SIL) 63

whose surfacscéo@inly henebjspelitue tRASwEtePdRgaPtdcalhadingeeg2 are a
spherical surface 63a and a flat surface 63b, respectively and causes a

| aser phgam4 LRyl RASRErt @h@uaﬁméﬁfc%l*?iL Hi4rd QS tP@lofJ‘f]e¥§H7écal ly

enter the spherical surface 63a of the 3 -and to focus“on a central

por {1 98p0f 14 Mo fd Al ARRO3hor AESUBOGANA! RyfiSPLERENt gethe refractive

i ndex of the SIL 63, the nunmerical aper ef f'ecti veé nunerical aperture)

of aﬂéSQéibfchqﬁlqﬂ%%ﬁbi@ﬂe02e8$§dSR'Q§éﬁ§f# ens 61 and the SIL Gglbecones

n tines as great as € nunerical aperturée of*f the objective lens

itsel f. Howevgr,_ th hod.is_actually arranged to cause the  effective
numer i cal apé&%d?émﬁaﬂﬁéggﬂéng§eﬁ5499n€§eaguﬂékﬁia¥ﬂ§p%ﬁ% eaf ERRESobj ect i ve
l ens 61 satisfying the conditjons. of stigmatic focusing as descri bed
bel ow!® T%X?‘m & é?%hogsuﬁﬁpgs?rﬁ?tbgiﬁmﬁﬁlqg?egﬁe net hod causes the |aser
beam L t hat as passed througg'the objective lens 61 to enter the
spherical 2 P4 FF0ECrTG PAcet BB HRCINEL 5135 3 LgstaatefciBence angl e

different from the angle _vertical to this-spherical surface 63a, thereby
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




causing the |l aser beamL to be sonmewhat refracted by the ﬁggfrlsgl surface
63a. In, for exanple, S. M Mansfield et al's thesis enti € 20

"Hi gh-nunerical -aperture | ens, systemfor optical storage", carried on
pages 305 to 307 of "Optics Letter” the 18th issue, published in 1993.
(hereinafter caIIed "reference literature no. 1"), H J. Mamn et al's
thesis entitled "Near-field optlcal data storage", carried on pages 141 to

143 ofsurARRkl 8daPBystre shetéPrat tdhe 1@1%tlfaeln%éuengpebai§f@£bﬁ@ £930
(hereinafter called "reference I|terature no. 2"), it is reported that by

the Me4odngysl Oerwéaf old dtﬂ:%@\éﬂél‘léa‘i”%u 08 NKEE! | fﬁ‘éa p&&?r ture

exceedi ng 1 Is realized. when the nunerlta ure exceeds 1
i-n [ [ rsion |ens
and t%hgw?}ﬁcgﬁédiggegnéiﬁgfe%? t{gan%%ﬁ?er‘f}i)l %té:\r/l\ﬁgg &Oﬂ)x‘? dtﬂé(;?et he | aser
beanll r flectance of a conponent of the | aser beam whi ch
corres %egﬁégi ﬁgf%% |%§ﬁ quantity exceeding 1 of numerical aperture at a
flat surface e solid on le creas a result of this
phenomenon, tﬁe" ?ﬂfeﬁ%ﬂ@l%'f@hy qﬁ@& F&r aﬁﬁse?% itd &9 mrer si on
lens and. irradiatipg the optical disc rapidly deteriorates. Wien this air
gap beg&%sn%?ﬁl??grﬁﬁw JENSs S&’ﬁé’feﬁ'r S?F PQHF?JeI%t‘(% fi el d), nost of
t he co one t corres ondlng to the optical 3 ----- -- - ----- 24 May 2005
quant Fé ré‘)? eBli PRPas of0 5nd%?er3|0c,7apfapQPFt}Pé %%EB% the |J&,§1be51§ye:t he flat

surface of the solid imrersion | ens. Therefore, the
published in 1993 (hereinafter called. "reference literature no.

~1"), H. J. Mamin et al's thesis entitled "Near-field optical
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'method
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
ef 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




intensity of the |aser beamirradiating the optical di sc becones
remarkably low. In order to represent this specifically, pf May2003 made
regardi ng each case for the air gap of 0 nm 50 nm 100 nm 200 nm and 500

-nmas follows. The distance on the signal-recording surface of the optical

di sc as neasured fromthe center of the spot of the |laser beamis plotted
on the abscissa axis. In contrast, the intensity of the |aser beam '

i r r adigahhRgt{hefcesd Ol T IS HHId SHT Eggftﬁﬁé ﬁé‘@éﬁ%;&%ﬂ%ﬁ&%ﬁ% of the

ratioto the intensity of the laser beamat the spo &1 therdof when

he ai | i o - di is. 2 .sh h
Lo carheddhat belrille ot Rift KA 1 S AL ARG 2 Phaaidfandt SRV 1 e

cal cul at ed val ues I ntensity ution "~ (

L ARG O B e TRt RS USSR B SBon (he

air g | n the intensity of the |aser beam at the center of the
spot-?gm%§k§§%ygyF%ht 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 be\g@ﬂe%r%%r%(i%r@%?“%ot%lﬁf SPRELEHERhLY ¢ FIGvheh dsha@ader gap is
0 nm Wien.the air gap reaches 200 nm the resulting intensity falls down
to appPERFALREISAHEL WSS T0ke thenpdRsoap Qhch ihe 20 Miyad 00 amg” ARP 4 24 May
2005 Therefore, where the nunerical aperture exceeds 1, control should be
per f offtedNd UL 1 afailoldnysai r Thapdistarcei@nttihe siginalerecondisgse of the

exanple illustrated in_ ] - .
surface of the optical disc as measured from the center of the

spot of the laser beam is plotted on the abscissa 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.




FIG 2, so as to keep the air gap fall within the range of 100 _nm or |ess
at the maxi num or preferably 50 nmor so). O herw se, ateMey 208 fall in
the intensity of the |aser beam irradiating the signal-recording surface

of the optical disc, .the recording precision and the reproduction i
precision will disadvantageously deteriorate. As the nethod of controlling
so as to nmake the air gap small, there is alsoa nethod in which the

opti cal head | tlve |l e s an nmer sion l,ens install ed
thereinis f?gé# E0?rom Iggo&ﬁ Ea b?p?ﬁguﬁ?reﬁﬁﬁ%‘ ng’lnvolved by
the rotation th in _the case of the magnetic head of a hard- disc
devi ngnﬁﬁagv%lﬁog{)@%%pemg SPnhas| heHeke yo Rt 4He BB current depends
on the f|near V. Iocugﬁtof th tlcal disc, so that, for exanple, in the
case SPELIERPELY YT BTy a§@|8€|F?er%EEWRﬁQmﬁ1¥Ef§Féﬁ?daénthe
|rrad|at|ng position of the laser beamin the radial direction of the disc

chang&d e.50 A5 Yhdaopadhe; aibe9aBcEalbvEHaydde rapgeambuhPo of

floatlng of the head inconveniently changes. In the case of a CLV
( consPENPT lesreat Ve Samimuge oPdi BEELeyabEm 30 suw atheodrount of floating
~differs between optical disc devices whose linear velocities differ from
each Bthervige, gluedig tthet Hiad Indnhbbei sntkhsitgulal 5hed 1MEpr20€Sm to contro
the air gap with high precision. In view of the above, the applicant of
this pax%ﬂnatkngﬂhhﬁﬂﬂmgmaékreadydingeﬂurfadapameﬂeeE@t&naloﬂisce (Japanese
Patent Application Laid-Open No. 8-212579)..a patent application
- 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 opticél 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.
However, 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 floating 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




for an invention concerning an optical head and a driving aratus for -an
optical recording nmedium This previous invention is arr%ﬁ@gg retain an
objective lens and a solid imersion |ens by respective separate hol ders
and use electrically conductive material in the holder for retaining the
solid imrersion |lens, thereby causing the control .of the position in the
direction along an optical axis of the solid imersion lens in accordance

Wi th £BecBherbl OBhALA or GAIAGHIN HGGAPRELLOLIofored with this el ectrical Iy

conductive material to per ependently of the control of the

di stance in thg direstign %é%rt t{% tg’b?ﬁcaﬁ%'gfbc we%%\%&% obj ective

| ens and the optlcal di Sc. ‘ding 'S previ ous ifon, it is

possi h_hi recisi regardl ess of the
Ilneagbg F%%? d%i{%#ﬁifﬁ l&l&%papﬁ te??]éﬁ% ?89988% S®nventi on
pr opo resen can tors are necessary,as an
act ua?g%en%é é qurhé:'alléﬁgpeﬂ Re gogfgg )ax% aﬁat(ﬂnﬂzeéPPiﬁc?‘ $ORhe ,
pur pose of a,focus, servo. is an actuator for noving . the hol der having
the s PFdaPnﬁ%Y%FYﬂPqeﬁﬂ?qﬁﬁﬂépﬁeéntﬁEFé%?laPﬁFqtﬂ?d & HEAViiBIan actuator for
~noving the hol der having the objective |ens retained thereby 6 24 May
2005 2RPIFAtUS fPe & 1o Eesering orediwiuciThyg sa PEeHiPds " si gnal for
focus servo, two kinds of signal processing are necessary. One is the
S|gnaPnB?BEé%%|¥ﬁ]qﬁﬁaqﬁquﬁélﬁ@télaoﬂﬁrQbJeQﬁ¥ﬂﬁﬂlePﬁaﬂnﬁsalﬁ@bh@ed to - ,
control the position of the solid immersien |lens in accordance with the
e|ect;@@@é%;@ﬂéﬁp&tﬁwyrespectlve 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 capacity
(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.




The other is the signal processing for producing a control signal intended
to-control the distance between the objective |ens and tRéMaytZ08al disc
(e.g. the matrix processing of the output signal of a photo-detector

havi ng received a | aser beam reflected fromthe optical disc). Enbodi nents

of the present mré\éengsg}}%regﬂﬁ%la%%é&qhg head p%)g%ﬁﬁgé: \éigr?:t%ﬁﬁ%ﬁr at us

for an optical recgﬁr I um chare-capable . e numeri cal
secor g Pe R "EPEug R BB PY R cpE st g o e
D1 SCLORBRE B £ FRENTT I A o pe ro i et SRR B s CP Ry Ton,
ot ai g En Shfcoar el B8 CERERPhnat ot Lt o Bot v PaAd
an ol ondEn PR 1 Do Ber IR SR A AR R i rEaRe K ng the
tho. optiGart B ity Ll RIS BB R Ao, BEG kP 200820 F  xed di ot ance
mechant LTy TREGTESt K8 g IncHber i AERCRr PECTeeh SPEng aRCoaTPeal
axi s of the |aser beam.wherein an electrically conductive matefri is used
on a SGPFad@%fHeheORpt§ Igh%%dqfaagi' nd:htehén@éﬁxca?r‘?%ec%grld‘igngofmghﬁm
~output 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 hav.ing

the function of a solid immersion lens disposed between the

objective lens and the optical recording medium while keeping a




a surface of the solid imersion lens at its peripheral portion is nmade
flat, and a filmmade of the electrically conductive matéfMay 2035 forned on
t he peripheral portion, and an electrically conductive material is used in
the holder nenber, and the filmforned on the peripheral portion is
electrically connected to the holder nmenber. In this optical head, the
optical neans having the function of an objective | ens and optical neans

havi ng ¢; f I of id r Sy ens are . ntegralhy r kped by
one hof%%?xhe gﬁaaF?h Pﬁgﬁgégta%@%ﬁb%éﬁ%gaﬂghquﬁFecfﬁge Fgﬁs %éggathe

solid HEHE&%H%Q hens bgifg kept fixed. This holder nenber is noved in the
optical-axial diréction of the |aser beam by one npving mechani sm

Ther ef or e, theépbhﬁgfﬂ emégﬂé?fﬂf b enﬁgébgtkgggﬁgh%%%{ﬁgﬁﬁgﬁg f@vgd

together in the optical- axia rection Charni sm as the

di stance  JAGHADE] UREML SdtaRb 1 Lxed: o FNgNL jalagepany el ectri cally
S us on ?ﬁ 3 n8 i

conductive materra e surface ( . €& opti cal recordi ng
Clectr] cally  CUNHORTs 08 sheert LieEhE RatiERT i alot St "oeth G e
pocor 9. gIotcel Bea 9ckn perve suskem ol he oo, amperelus fop (he
Fecor di ng med g AEaghr 0% ACLAG OBIFEH ORGSO G BBESRY ng to
the  elRtigR" ad CngdRH Y, 2980 Wik fad' & FRIPL1 5204 1Y
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. |
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




to this control signal, with this noving nechanism the objective I|ens and
the solid imersion | ens are simultaneously nmoved in the 2oMav@i05axi a
direction. Consequently, the air gap is controlled wth high precision and
si mul t aneously the di stance between the objective |Iens 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 numnerical
aper t Uk e Cab RAGHTRIC BiRRl che. G5 MPbenbRaNbddydin | NGy i SOl (L dPIRES G | ens.
In addition, the control for making the air gap sufficiently small“(e.g.
Wit hi Nedi8: Ay eC & : per mﬁ% {41 i cecording to the
electr%statlc é§p§§??§a$ éﬁgt erﬁ%&%&agi%Egagggﬁgqﬁgﬁggﬁcan be realized
with a single i hapi sm ( tqQr it d ssigbl o] i mpl er
AGBAAGGTRENEN ST (BGLUE! Yekyol L) SLAPS D EhL O PR nS

of the noving nmechani"sm'f or perform ng tT70cus Se€TVvo. de of
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medi um iI'S possi bl'e” to tealize focus
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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




di stance between the electrically conductive material and the opti cal
recordi ng medium Therefore, it wll be possible to prod&%MaVRQ ®ontro
signal based on the electrostatic capacity wth higher precision. Al so, as
illustrated in FIG 1 as well, because the |aser beam passes through the
central portion of the surface of the solid inmrersion |ens facing the
optical recording nedium the filmformed on the peripheral portion of

this fagl rae%t&fo%%g_t%' 'cagQ@iE'ﬁ? obgi acLRahPist P hgﬁ@rsgﬁﬁt foofrgﬁei at e

the optical reécording medi um~ Moreover, correspondi ng e protrusion of

the fagifg1 pebkase: fegc}@a%éywtéu?%,o@@r bkogxe&&ﬁﬁnﬁieﬂ!ﬁgue%%xg@i of the

R A S ) A
‘{ﬁzfect to the optical ?Ecogding P#diunl |? ?st_lgléﬂfthy?§90§ txgssn:irﬁly
the obtrRBMAE MRt o thecRRLAT: ithots LR BB S8y RETERPRI AP RELE or
the h Ig?éFg§€$gﬁ é d@%?ﬁ%%&%ﬁﬁkﬁg%ﬁkﬁﬁlly connect the hol der nenber and

the ele y cO & peripheral portion of the solid

[ [ I [ ble tp detect th I th | ect tati
capacity thr oddh LHE FePRLt’ nERber FmiG, oF DB (Ho Vaf uGher PRRES

ol oot RSB, FRRS kit o et L detect ed. Accprng, 1o, second aspec
reccw;ﬁé}leggdgﬁg1fége 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
thical recording medium. Therefore, it will be possible to
produce the control signal‘based on the electrostatic caﬁacity
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




driving the optical recording nmedium including an electrically conductive
material to performeither of the recording of i nf or mat i oR*MAYF%Phe optica
recordi ng medi um and the reproduction of information fromthe optical
recordi ng medium conprising an optical head including a hol der nmenber for
retaining an optical neans having the function of an objective |ens
focusing a | aser beamto irradiate the optical recording nmedium and an
opti cal Vi t f iy f liivd r.ai I ' d
bot vieathe BE det ol ss i one Mo L celTRRE L ke TR SeE R eepi n

a fix LSt anc en the objective lens and the solid inmersion |ens,
and a%%ggkﬁéﬁaﬁ@%%g#ﬁgn1for novi ng the hol der nenber in a direction al ong

conduct i ve mat & ar? sSBEEEDERT Ly FABESoP N NS CA IHeAPISEARE The
accor AT g T i GrEct FBE: BhF cRaLaSe POHFet not By Thd bl CAG APy
e R B I R IR L
hol der 18 v EATbIIEHEL RAHGAMEEN GRS b daTSEAORoL By cont rol oi gnal . a
surface of the sglid ingﬁéﬁ'on lens at its periQheraI portion i,s nade

flat, and a fil MhE®ESIPLENEO f@kqGh ddiq yyalue 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




conductive material is fornmed on the peripheral portion, and an
electrically conductive material is used in the holder méfy 209%d t he
thin filmformed on the peripheral portion is electrically connected to
the hol der nmenber. In this driving apparatus for an optical recording
medi um t here are provided not only the optical head, but also the signal

" processi ng neans for producing a control signal that controls the distance
bet veen:dr¥ictalbInk FEELL1 Oft 2w BRdal ey c OB I oAl LR dLag. fHEdy UM
according to the electrostatic capacity fornmed in that optical head. By

movi ng f&g;ngggﬁgr?%ggayfrré@&ﬂaihgemgayFﬁgdgﬁfhanisn1according to the

control I e alr gap is contro | th high accuracy and
ol . : . . . % 12 24 Ma
2005 ol so-contt oA aPERRT SRS AR st pPbAGeE M ARG £, iysl
Y . . . : S . .
ey Mgt ARt AR PO RG], U
S‘Eﬁ{‘?gﬁﬁaﬁeﬁ‘ﬁ%ﬁéﬁgp@é@ﬁﬁ&n o Shektpg R 9?’%2?%11‘5%9??%?@&%?%0%@% ’
: : . . Ty Rur N .
Tealt 281y e PAERIHER BeTrRER e i B s BTt of
si gnal ,processing based,.on the.el ectrostatic cap%@%g%pgThu novi ng

rechani 6 SRAIERGETC o HaRs By Mo fS JBeA S Hr hd Tt LT Ak madet o

be S|m%f?ébt@ggitlonally, this signal processing neans of the

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

12




driving apparatus for an optical recording nediummy be _arranged to have
a neans for generating a signal, either of the frequency26Mayf80%hase of
whi ch changes depending on a change in the electrostatic capacity, a neans
for generating a predeterm ned reference signal, and a neans for producing
a control signal by conparing either of the frequency or phase of the
above signal with that of the reference signal. BRI EF DESCRI PTION OF THE

DRAW N I Tol i) i th rienei.pl cordin
o whi G The AoAtes) MasE BT AR oy CTHeRk R s "EE 548, S 65005
FIG 2is,2,952pi c diagramillustrating the intensity distribution of a

| aser beam on an optical disc when the nunerical aperture exceeds 1. FIG

opt cal “head sdborReho V% {RECEHEE O, ElenHRER Ay RooaPRcy E5h8G o ™"
s g Agtauled geathe oL Lo sLINELULe Bia oLl ameuiace of
For an Sta® tet8hecal b B BRESent i fueiEars Lon 3455 Nagh 2005
PG 6 dgutudhaoram L LUSLIAU 19 3,8 ANREE DT W ERS RGNS O oRP o
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 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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FIG 7 is a diagramillustrating an exanple of the disposition of |ight
receiving elenents on a photo-detector 38 of FIG 6. BES Ofor
CARRYI NG QUT THE I NVENTION In the foll owi 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
optical pick-upr@f bhiig @gptd Ao S Vi S +h&Nis Legl head
1 conprises an o jectﬁve%léﬁ%gguggﬁﬁjgg%%%Hﬁglgﬂﬁgggégbggélf§¥%£%??gdiate a
phase- ghang; pe opti cal j upt e n kSc L Vi ap atus, a
solid ?nnerg?gﬁgﬁleﬁg ( ILSé%ﬁfhg%aﬂg Qésg%geék%gfagendf % op F%a?ﬁéisc 51

and .ﬁéﬁéﬁ#ﬁé;ﬂ%gégtgﬁgs?%éﬁéaﬁﬁéns hol der 4 that integrally holds these

| enses e dgnetic actuator 5 for nmoving this |lens

hol der 4 (a f tuator_5a for noving.in,the ptical -axi al direction of
the | enses 2 %‘3%‘;@ £ 13 i‘f‘?gewfa(ﬁal%l(yr 8 SF&%lFr‘BY/i R§ PR gxéfnpi@ti on

al ong the_disc.surface of. the optical disc 51). IL.n this , the objective
| ens ?gnﬁg?hét§PEt§r‘3r &1 i3 ean%Wf h@leéabyﬁctﬁ?édllélﬁsqf%l Had Bregaptt his

| ens holder ,4 is noved by one focus actuator 5a in the direction along the

14 24 WKETSA08- optical axis. It is thus arranged that the objective |ens 2

and the SIL 3 _are ngved by one focus_actuator 5a in the optical- axial
direction as tH&-didsti&née SLREr BBEYwWLRUSEr Kefty 14 xdatailed 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 SIL 3 has a shape in which a part of a spherical lens is cut away (It
Is-generally called "Super Sphere SIL" or "Hyper Sphere %FM?V?OPﬁ this SIL
3, the sphérical surface is mnade to face the objective lens 2 and the
surface opposite to the spherical surface (hereinafter called "a bottom
surface") is mnade to face the optical disc 51. In this condition the SIL 3
Is held by the lens holder 4. This SIL 3 is designed sous to focus the

|aser beam L paiol hguls abes A 019e3ahk 2hY SREALMOIRIIE dpeusing

conditions). Assum ng that r” represents the“radius the spherical |ens
i ckReeeeragy Of AT R PRI RRCEE 1t o p P “0 31 direetion i
he 1 of or ence Tot of abtrs o om SSIREFERET PO AR Sxmla OF B8 (ot (hat the
the. shiobofRRblidectidhy SRtmdvinh <Igarets B maabiotosSRbaruckr af the

nuneri%ak %pe ture of the objective Iens 2 NAobj and the refractive index
n by PhefFolPowing expression (3). NAeff = n2 NAobj ... (3) 15 24 May 2005

By maﬁ of exanple., a_|lens havin% a nunerical aperture NAobj =0. 45 is
her ei HEGEMOLE ¥OR RRYING, QU REE THWRNEIQEns having a refractive index n

= 1. 83 is used as the SIL 3. Accordingly, fromthe expression (3) the
NAef f becomesIn the following description, an explanation will be

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




approximately 1. 5. Therefore, when the wavel ength of. the laser _beamlL
Is, for exanple, 640 nm for the reason that has been ex%ﬂ&&ﬁé@oﬁsing Fl G
2, the SIL 3 to optical disc 51 distance (air gap) as neasured in. the
optical-axial direction of the |aser beamL needs to be controlled wi thin
100 nmeven at maximum preferably to 50 nmor so. FIG 4 illustrates a
detail ed exanple of the structure of the bottom surface of the SIL 3 of
FI G :h :t.om ' £ f d_its _central
porti gﬁ) tgaa aLii Egégbse%iétt%g g‘%g%&f'r]ﬂacs}(elaa 8 egn%érgitpﬁg‘rga?&?)%(?%%ana]%ﬁl% ts? r’?ﬁ@e flat.
The wi,dt h n | ght, of the central rtipn 3a are about . 40 pmand 2
pm ré:glp?ecstlli}'vgl %ES&?&(% bﬁgr?nﬁgfroﬁuspgﬂzlugﬁogbg? htf et 1% B “a filmé
made of .el.ect.rically conductjve material (by way of exanple, .this is nade
1o be it HipSEied & R UrfaiecrpyebREurel 0% bt Resiad-ght of t he
protrusion of the ien ral portion 3a. As _a result of this structure, an
“electrostatic 8 Pté Ras 13 shape gat WbdRht RePartin®hud $ENGRIEadnd t he .
al um num made reflection plane of the,ogtical disc 51. The value C of this
el ect PEIBalScCREPpAERY y( 3t ¥ demergdlyt raldeduigeren $PharesSI&Yr exents an -
area of a surface where the 16 24 May 2005 peripheral portion 3b and the
opt i caAEYBREcSBACE? SHpposi tId tthise§&k 3t hthe appher iepk evurfiaset he di st ance
between the alunminum film6 and the optical disc 51, fromthe follow ng
expr edgdgnto( face the@biactdme lens(3)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—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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where sO represents the vacuumdi el ectric constant (8. 854 1%— 9%2 (F /

m; and er represents the relative dielectric constant (%%EP% P tely 1

within the air). Since the dianeter D of the bottom surface of the SIL 3

is 1. 5 mmas nentioned above, the area S becones approximately 1. 766 X
1-0-6n2. Wien the central portion 3a is in contact with the optical disc
51 (when the air gap is 0), the distance h has a m ni num val ue of

appr oxi mat el y ' ir [ n I ] d,200 nm the
di stance h ha%gvﬁ%e(zg]g%a oue?' 5 9%@5 %%5959 %]%#?&%lnécf{%.a%%% e

respeghively i - e,air gap.js._0,. 50 00 nm and 200
nm theRal u%éA%cht e(%/léls%%ﬁnégeltggt P%%gg{:'}%e c]a‘?féﬁcmaéé aa&&“f;ound from
the expression (4) to be 7. 82 pF, 7. 63 pF, 7. 45 pF, and 7. 11 pF,
r espebayvieg & mefraatiser dndexin £I & 83 itissed wd ribe SIENB6 is joined to
the lens holder 4 by a solder 7. The lens holder 4 is made of an '
el ecticeetdinglondfoom eéheneapirabsion {3) heli@iNRc£ . lpcomadsumi nun) . It is thus
arranged that a voltage signal indicating the value C of the electrostatic
capachhyr Seimdiethaken sout ok L@ 2 _Q%Q | ens holder-4 (i.e, the
val ue %g%f t he eh@ctrostatpc-ggég%fﬁymggn eﬁﬁg%g%ngﬂtﬁ?oﬁgﬁ %%%é¥ens :
hol dey : t, KLl u S el f construction of a
odl 1, NBEL 2o g?ﬁﬁgih BLb g aﬁ&%roces§%ﬁ§"%§§§g B3 fj%?lnoptical di sc

focus servo ‘and tracki ng sérvo sigh m o

drivin ' [ t ical, h Jd af ,.Fl 3.is, fixed
oi)lt-;/l:éa%%%c dﬁtﬁllé IeFopIt‘?gétl Qﬁ?g%’{%gf%%ﬁqa% cd;’ﬁr Fﬁf’?%ﬂ)tflg‘:m‘ﬂé&gc :lel \allinng

(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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apparatus is driven to rotate by a spindle notor 11 on thg CAV _
(constant-angul ar-velocity recording) system By a |aser aMAYAOOR a

wavel ength of 640 nm being nmade 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 fromthe -
optical disc 51. The signal processing systemfor use in the focus servo
oper at| [ n I vql.t. age, signal indicating the

val ueblsggﬁp Ih?‘ ﬁég é%)%{élﬁlgg:pgtsﬁ %d)(#él%g%pﬁ: }Eg%hlaéﬁc hgls PREGEH S fromthe

| ens _holder.4 (Fl 3).0of the optical. head 1, is supplied tq a VCO
(voIt§§§5c§ﬁp?gl?gﬁi%s%ﬁﬁﬁ%ﬁ%ﬂ S 13e %ﬁéteﬂﬁ?lgeEYﬁﬁﬁsﬁh?(#1Q¥H95mosciIIator
and oytputs a__sjignal havi.ng .an cillation frequency f as is given in the
'follo%ﬂﬂﬂ gxﬁpgsgﬂ%ﬁoQ%ﬁc%%ihiﬁﬂ %értérpwetbs|ﬁ%l WG [REPIESEdONost at i ¢
capacity indicated by the voltage signal and the inductance L having a
fixed(§irue inside the VCO 13. 18 24 May 2005 f = 1/2 LC ... (5) where, by
way -of exanple, it is assuned that the inductance L inside the VCO-13 is
equal to 100 gH= ¥hen srhe &h gap (4)0, 50 nm 100 nm and 200 nm the
~values Cof the electrostatic capacities respectively becone 7. 82 pF, 7.
63 pF, 7. 45 pF and 7. 11 pF fromthe expression (4), respectively.

Accor Hhagey:0 tirprasendspshei vgcessi dieteorr o epnenanss (8. 0854 he MEO 13
becone 5. 69 MHz, 5. 76 MHz 5. 83 '

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 10-5m2. 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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MHz and 5. 97 Mz fromthe expression (5), respectively. ghﬁg& tht si gnal
of the VCO 13, along with a signal having a reference fr a g@ f 5. 76
MHz (nanely, the frequency equal to the oscillation frequency f of the VCO
13 output when the air gap is 50 nm, which is output froma VCXO i

(vol tage- controlled oscillator) 14, is supplied to a PLL (phase-Iocked

| oop) 15 serving as a frequency /' phase conparator The PLL 15 conpares the

frequ ? E LUt 59 al_.o Vg%% nd those of the
out put%ﬁll(sély(\::11%521l R fa%ﬁ I\/t(fxg'l% ara&ﬁilﬁp?lt gf LE eJac 9531 nding to the
error bet en th bo h res to the frequency and
phaseca?ﬁg tﬁﬁ? %éﬁe ﬁei §h?s ﬁﬂ%s@gﬁgﬁb dhsated by a phase
conpensat or CIrCUIt 16 and, then is anpllfled by an anplifier 17.
Thereafter, tHEXFestffimy Js#w%qr%tesseﬁpﬁﬁéap%e of Hehe RANSIVMCHAEBr 5a of
t he electronagnetlc actuator 5 of the optical head 1 as a control signal
for c&ft RPofPFRY ?%%V%u41’1‘5&&3‘3159“24S%VOZB@SnaJTWQQﬁﬁfsUWctSNﬂ:@m 88 noves
the lens holder 4 in the optical-axial direction according to this control
si gnaBn PREicahpitisc tdelwing gapasanusolinedhich hehes@phhcadd hehdolt bd
di stance between the objective lens 3 and the optical disc 51 is also
cont r §EGed3t ds bBix¢keth arh@eptichd packsupervo is realized. On the other
hand, the signal precessing systemused for the tracking servo operation
is constructeﬂhasopti¢amwdi3é Gl éountedt oat eBimmpxagll distc thévihguct ure
of +he optical pick-up 12. Alinearly polarized | aser beam L having a
apparatus is driven to rotate by a spindle 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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wavel ength of 640 nm which is emtted froma sen1conduct S
made to be a parallel light by a collimator lens 32. The &Fﬂﬁ1§p Ilght S
separated by a diffraction grating 33 into a main beam (the Oth order
light) and side beans (the 1st order lights) and its plane of

pol arization is rotated by a 1/2- wavel ength plate 34. Then, the resultlng
beam enters a polarized-beamsplitter 35. Mdst of this incon1ng beam
passes through th polrari zed- be splitter 35 and is nmade to be a
circularly p%lér?é%dn{ﬁght By 4%5}4-mavelength plate 36. The resulting
beamis focused by the objective lens 2 and the SIL 3 (FIG 3) of the

opt i cahelreadby way of rexthimiles dtsiignabstrsdrthay tHy fiadactahcthe opti cal
disc 51. Additionally, part of-the incom ng beamis reflected by the

pol ar iiaeddbeanesytd t1eri3%quad &beuopapges through a condenser | ens. 39
enter a photo-detector 40 for nonitoring the 20 24 May 2005 intensity of

the | aser beaghedhehé aser hgamg @f,| 8ot afl, PYod hem SipnRplroreqar dipg surface
of the optical disc 51 passes through the opt|ca1 head 1 and i's made to be

alin pel afi 0

TR e o e L i i m i

pol ar igdedrbeam spl.idt eqre I r
condeﬁgegFreﬁs %? ]% g?t?? gﬁgﬁg?o? dg%gg%ortg%t%g %%g §¥ racklng

Cr7or 51 g5RL L3000 Foodyelithy, Ank! LUELE RS BuBinfactdn Ne

photo
frequenC1es f 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 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 dontrol signal for controlling the air gap.
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there are disposed four-divided light-receiving el enments ﬁ%ﬂftﬁ@ giodes)
38A to 38D for receiving the main beamat a central portfoN& PRof. on
both sides thereof, there are disposed two- divided |ight-receiving
el ements 38E, 38F and 38G 38H for receiving the sidebeans. Thus, the.
phot o-detector 38 is a photo- detector that is divided into eight el enents.
The output signals Ato H of the respective light- receiving el enents 38A
to ssH of theglolgedet sctoledif i GovalPlnbl $nl¥nddigad applid er 18 and
tracki ng as i ted

then supplied to a trac matri X circuit ustrated in FIG 5.

The t ki | | it 19 t t Ki . ' | TE b

por o AS ALREL LAl CHFEETEIOL P AROD! b RIS CHPHaRd: G118 -albardi ng 1o
the output signals Ato H T A+D) - _(B+C) + k {(E-F) + (G ... (6
21" 24 1ol 5o 568 i cFeb B EEFRILEA €92bR0R0L BRI SHARATI G P EaRECou put

signals A to D of the respective light-receiving elenents 38A to 38D of
the phetyeeBetherghliagtine | 7t PBE BheaCRbheph ST i%dr i882l8Ad t hen al so
supplied to_the reproduction signal Rrocessing system (not illustrated) of
this &prtEatledstodre EirpdappIhisusthenfoans semin ddudeirdizedgnal
processing system a reproduction RF signal RF-is generated by perform ng
t he cal cul at i 88 Bhet@lhegphand nghe &ignadspvocesyinREystanBused for (7) The

‘tracking error signal TE is phase-conpensated by a

the tracking servo operation is constructed as follows.

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 and then passes through a

condenser lens 39 enter a photo-detector 40 for monitoring the
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phase conpensator 20, amplified by an anplifier 21, and then lied to
the tracking actuator 5b of the el ectromagnetic actuator 24 Mgy 2 Pﬁ opti cal
head 1. The tracking.actuator 5b noves the |l ens 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

contrgéygﬁ ii?{:%ﬁeIY% Vekapt he output signal of the photo- det ector 40

(FIG nrtoring t e optical pick-up 12 is supplied to an APC

the CPU 22, "t HIC otRR ‘*i%aanélr’eﬁ'e%ﬁéﬁse““%ﬁn it Sty %E%&%%TSL he
of 1 net ot oé‘f‘éce%t AR R leh@lﬁ “%ﬁ@ﬁe?ﬁaﬂeﬂ fefence val ue
and" a6 FRrDbat ey, Rel wsﬁf&@a %ﬁ%g%%a@g&é?ep%ﬁéaiéﬁﬁé o e

accor di.ng to thls optical disc _driving apparatus, as a.result of using the
sol i dOPAMBY stk 144mvavedRBIkhnBlAtEl S@per he oS tidde Llighbe 8ppr oxi mat el y
1. 5 and besides, control of the air gyg to 50 nn1;||ze allowing no fal

in t heefheaved thy dhe polpaizedpbasm sphitter AP @nd dhgnarflesteddi ng

surface of the optical disc 51) is perforned according to the
el ect 1 gt PasseH FHTOEIN ﬂhcﬂnéﬁnﬁﬁécl%m%rﬁ'f mﬂﬂm@ﬁﬁoﬂephaééor ding to this

opttcal disc driving
detector 38 for detecting a tracking error 51gna1 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 tc 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.

= (A4D) - (B+C)

+k + {(E-F) + (G-H)} ... (6)
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apparatus, because the focus servo is realized with a si ng %@?}ﬁg :
actuator 5a (FIG 3), conpared to the case where two focu ors are
needed, one being for noving the holder retaining the solid inmrersion |ens
and the other being for noving the holder retaining the objective |ens,
the focus actuator is further sinplified. Al so, because the focus servo is
realized through a single signal processing systemfromthe VCO 13 based
on the, electrostatic ca aC|t anplifier 17 (FIG 5), conpared to the
case WH@F? gv\B %1:%?1%1?1;% Jﬁytr‘?é‘% ‘one bel ng systems are required for the
focus servo, for eneraﬁé? control %nal for control ling the air gap
accordi ng to tAEILFLERI LYY athle QHFRYY y°'1 Badst AetotRe?t Bdig for generating

a control signal_for 23 24 May 2005 controlling the_ distance between the
obj ecFP\?EeFEﬁ‘éea]ﬂ’eBlF‘fTefe‘%?p‘t‘P@él ediegents. §8ht ke % theoPdesrng of the
out put signal of the photo-detector which receives the | aser beam

r ef | eBREACHGT 3%@%@'&&41@1%}3}1 Bhaeadgarpl pfire sk n@ndotheneallsous servo
is further sinplified. Mreover, as illustrated in FIG 4, because there
is fenppliedete|tdr rmmdwto@pa@nwa&epmeﬂssm Siyst®em (oeltf and the
~optical disc 51 by formng the alumnumfilm®6 on the bottom surface of
t he Shill@8strabped) exf tthishepddsalwddse thnivied exppasttats.c dapabisy is
- formed, for exanple, between the lens holder 4 and the optical disc 51,
t he vaépeo@x@lﬁld;meugﬂadctprwewsungcapatemy a sremceldcriger RFUsignal he
reduction in the distance between the alumnumfilm6 and the optical disc
'RF is generated by performing the calculation of the following.
expression (7).
RF = A+B+C4D ... (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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51. Therefore, it is possible to produce the control sign %he focus
servo according to the electrostatic capacity with highe B&B @08

Furt hernore, because the central portion 3a of the bottom surface of the
SIL 3 is nade into the protrusion and, on. the peripheral portion 3b .
thereof, the alumnumfilm®6 is formed thinner than the height of this
protrusion, when the air gap is controlled using the central portion 3a as

a ref n e ossibility that the al um num.f}j 6. W |l
apprOE@% %ﬁtpﬁg %lg%?ldosc RNoF S5t R 55O #ﬁem%¥wﬁ9%ﬂc WPGH 8a does to
cont act h the p di sc I n_addition, because the central portion
Saor ErpdetBphdfed e Boreted Gialiin (iiRREcaEr FHe SHHCTPISRAIIES. t ho
renalgbﬁg %ortlon of .the optical head 1 is retreated fromthe optical disc
51 ac FhEFy . OFRePet Lo Vdie mesRTIABICRPdR ARt thmiothead Peing i nclined
with respect to the optical disc 51, there is less possibility that the
optlcéprhéaﬂ IeRF?ﬁu%%ﬁﬁQuﬁ°®ﬁk¢lthe optical disc 51. Also, as illustrated
in FIG 3, because.it is arranged that the value C of the electrostatic
capacity can B& deseriked abpwugleoderdiagsthotbés dpticadl efitsd cal |y
connecting the alumnumfilm®6 to the alum num nmade | ens hol der 4, the

val uedcivangt appatatus ostsatd cesapicipfyusing eblé | soliel demectddn

Additionally, in the above exanple, the optical head 1 .is provided with two
| ensedens, tthOnmm&xlq&iIagartnrandstmadsrto ﬁbeappﬂuxmmmtedyllueans havi ng
t he-function of an objective |ens
and besides, control of the air gap to 50 nm (size allow1ng 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 capacity

and the other being for generating a control signalrfor
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for focusing the |laser beamto irradiate the optical disc a@% t he optica
means having the function of a solid imersion | ens dispgé y geen t he
obj ective lens and the optical disc. However, the present invention is not
limted thereto. For instance, it may be arranged that the optical head is
provided with a single optical elenent that- has both of the .function of an
objective lens and the function of a solid imersion lens. As such a

i ngl tical. el n f or exanpl e, ere, can .be cited reflection type
i ght Coonasnding EMEntat dies HEveRo, EPRLBRIPRE YR 1O Ao thEe ot ol s
thesisp%nti Iagﬁ" 25 2415%% 2005 Feasibility study on near field optical

momor PRGACAY G185t KBt GpiiIE TREEREAPTOFEFaing Bl i PHPBagignad7oto 139 of
" Di gez&@pf tical .Data Storage" published by Aspen conpany in 1998.
=

. p

Al ter PBPYO-deteRllh ptich TecgdveRabhRglafer rhpan ixeflestednbybj ecti ve
| ens and the optical means having the function of a solid inmersion |ens,
t hr ee thf RBF&CeHt 1E3F) eltdife Signady PEOCepRdnY B ithe Hocyst sealohiad or a
hol ogram el enent npy be provided in the optical head. Also, in the above
exanpfarthaes piepbihtiedwention is applied to the driving apparatus for a
phase-change type optical disc. However, the present invention nmay be al so
applied to a Mdreevey, sppdldnstrageda imagnet o4 pphecaisalithereaidri vi ng
. apparatus for an optical disc dedicated to reproduction only, or a driving
appar ouseflotharebpttimetatécocdpagingdbetwéen gchaalSIL 3 itself and '

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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optical card) other than the optical disc. The present invention is not
limted to the above- described exanple and of course per May@gORr vari ous
~constructions can be made w thout. departing fromthe scope of the

i nvention. As having described above, according to the optical head of the
present invention, the nunerical aperture can be nade I|arge (e.g. nore
than 1) by means of the solid imersion | ens and besides, the control for
maki ng the air gap sufficiently small (e.g. within 100 nm can be

perfo %EBFgP‘ﬁ% ?5 e TG X nugFrades . shecremaining Ragpdent ¢Iwi th hi gh
precision. Furthernmore, focus servo can be realized with a single noving
mechaihenopsécadt bpad 1 HRemetgreatad firompobei ppeical fdkachdrd sinplify the
novi ng nechani sm for perform ng focus servo. Mirreover, on the side of the

f ocus aserdingdy em Biendforal ievany whepatheusnt dre avpiojstdlc dieadedondi ng
medium it is also possible to realize focus servo with a single signa

- pr ocessicidgnedywitin besmebtortd hheeclopdticadt disc Ehpathdne iBhilesadvant ageously
makes it al so possible to further sinplify the signal processing for the
pur popesefibexeeyt tinge tite fgaisadehead Lnwalli tboract Reitterteal portion of a
surface of the solid imersion lens facing the optical recording nmediumis
made optkiead @ietrvs) on a peripheral portion around the protrusion being
made flat, and on this peripheral portion being forned a filmnmade of an

el ectrically aosdycis el TRfdld ti; fFaEM 80 betgesd o5t ald Greapgelt y between
the.solid imrersion lens itself_ . :
that the value C of the electrostatic capacity 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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and the optical recording nmedium Wen arranged in this nper, onpar ed
to-the case, e.g. where the electrostatic capacity is fo y@@?%een t he
~hol der nenber and the optical recording nedium the value of the

el ectrostatic capacity can be nade |arge by naking small of the distance
between the electrically conductive material and the optical recording
medi um Therefore, it advantageously becones possible to produce the-
control signal based on the electrostatic capacity with higher precision.
27 24FRAyiPabsty FRelY N R fledd PRtMRRENIERRIY HW portion of this
facing surface protrudes, the renmmining-portion of the optical head is

r et r egesadaepyrie opptirab@ysdEn  recordiingd ardbages Idvertef dB&, oéven when the
entire optical head has been inclined wth respect to the optical

r ecor dbngestdofingptical\aticaeousige" bubdheked dyy Anysyl lgompahgt inhe opti cal
head will contact with the optical recording nedium Furthernore, if it is
arrandedsto electrically connect the holder nenber using an electrically
conductive material and the electrically conductive film of the peripheral

portion of tRARtepha€iveles prtheemptichli fehhenmpensy He tfandeioat t he,
~value of the electrostatic capaci‘ty through the hol der nenber. Therefore, "

it ady@nhagepyedihe Cims 1B dhk! eptocadshéansaifsing Whe rahbeieh the
el ectrostatic capacity. Next, according to the driving apparatus for an

opti cak anéPl@iIﬁhéﬁ%ﬁdﬂ“ﬂ@hskh%h&é@séﬂtmbﬂé?ﬁﬁﬂi&hliéleh§n9§5ﬁ£§|ﬁet0 make
the_nunerical aperture large with the solid inmersion |ens -

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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and besides, to performa control for nmaking the air gap %E&&i igntly
smal | according to the electrostatic capacity with high 3 é@p.
Furthernore, it is possible to realize the focus servo with a single
novi ng nmechani sm and a single signal processing system based on the

el ectrostatic capacity. Therefore, it is advantageously possible to
further-sinplify the noving mechani smand signal processing for the focus
servo. 28 24 May 2005 CLAIMS 1. An optical head conprising a hol der nmenber
for r é%loﬂ%rﬁ@téﬁWpFﬁBﬁPl%a%ﬂham% PTERdSGRct | BRCBRSIEIGh] dOude | ens
focusing a laser beamto _irradiate an optical recording nmedi umincluding
an elservd eanl pecsrabized evieh & isdingded meniopt neahamisms actagtog )t-he
function of a solid inmersion | ens di sposed between the objective | ens and
t he opthexsiforecordi g pessimie wo |furtbepi sgmplifyethelimrwinge bet ween t he
objective lens and the solid imersion |ens, and a novi ng nmechani sm for
nmovi negpeidbanfismdéornpabforming fatiuseskirow.al ong an optical axis of the |aser
beam wherein an electrically conductive material is used on a. surface of
the optical hemdebaeirpgohhcheopidalof aher dotas BedrdBySeandmameof the
solid imersion lens at its peripheral portion is made flat, and a f|Im

made efrikieg eppatatesl For C‘eﬁﬂdi#ﬁ:l"dé@. Febertiahgi Sed DIMPAtOA st heso

possible to reallze focus servo with a single signal processing
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
medium, 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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peri pheral portion, and an electrically conductive naterigl I S bggd in the
hol der nmenber, and the filmfornmed on the peripheral por '

el ectrically connected to the holder nenber. 2. The optical head according
to claim1, wherein a surface of the solid imersion |lens facing the
optical recording nmediumprotrudes at its central portion. 3. The optical
head according to clains 1 or 2, wherein the nunerical aperture of a |lens
group consisting of the objective lens and the sold imrersion | ens exceeds
1. 29 24 May 2096, By haeixienyg &ppwhacbsthercemtisdt ipoaitirecofdthis nedi um
for driving the optical recording medium including an electrically
conduftcyrg nmiefacd pgreotyadeer ntket hemabhind eportseor difnghef opfeiiati on into
the optical recording medium and the reproduction of information fromthe

opt i cCheadr esorsli reatmtiaway €eoomr ¢ héngpeicaptieairdiagdmeactudi ng a hol der
menber for retaining an optical neans having the function of an objective

| ens £peHSESER A SASEWHRRARhEOChE 28 SpELGAE hedid hgal be8ROLAEDhd@di um and
an optical means having the function of a solid imersion |Iens disposed

bet wegieh Neos e ald e spélaaﬂ f@@oﬁaiﬁgad\edﬁﬁrprE{ltnadvaﬂt&géMiye keepi ng
a fixed dlstance bet ween the: objective lens and the solid imersion |ens,

- and ab@@é’ﬂflé@ I@é%*%s%“ﬂbﬁ@r tHQ%{'Qﬂet&ISt %\%’iqﬂﬂ gr cbﬁtéi:?'&ia@ﬁ' on al ong
an optical axis of | aser beam Ich an electric y conductive
materigl bScical recordlng 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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used on a surface of the optical head facing the optical _r cor%ing medi um
and a signal processing neans that produces, according to 4 2005
el ectrostatic capacity formed by the electrically conductive material and
the optical recording nedium a control signal for controlling the _
di stance between the solid imersion |lens and the optical recording nedi um
as neasured in the optical-axial direction, wherein the hol der nenber is
moved by the noving mechani sm accof&Pa¥Sto the control signal, a surface
of the solid inmersion lens at its peripheral portion is nade flat, and a
filmmade of the electrically conductive material is forned on the
peri pher dl. porn optiend Beadd cdmpri8lbg an el ectrically conductive material
and the filmformed, on_the her al

is used in the ?ghggr nmenber, . ger%g

portion is el &CPrERFI Y ﬁﬁéf?édr?BaPHé“ﬁo?ﬁe?PﬁéﬁBérmeé.ST VHRPvi ng
appar at ughkOFuaeteBhi 62 ahce®5dcRavBEILHE £86605HNE 19s8kaband, tyherein a
surface of the solid imersion lens facing the optical recording nedi um

pr ot r udedrzpdiasecant pPRELpaAt regordinghuediuni hucipdingt 88 for an optical
recor di ndy BRU-YBL136°86ALAAL: 0eChBLiL da P aRy WRCLELRLRC,ELARA  PrOCESSI Ng
generating a slgna Se Trequency or phase
changes havangotHanfenetibnaofhangelid 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 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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the electrostatic capacity, a neans for generating a pregg rgb@ d
reference signal, and a neans for producing the control |Bﬁ¥l §
conparing either of the frequency and phase of the signal with that of the
reference signal. 7. The driving apparatus for an optical recordi ng nmedi um
according to claim4, 5 or 6, wherein the nunerical aperture of a |lens
group consisting of the objective |lens and the solid i nmmersion | ens
exceeds 1, and the signal processing neans produces a signal for
controlling the di.stance to fgll ithin 100nm _8. A nethod of controlling
an air gdp befwdEAVARYOPPPRER “?e%%Fd?ﬂg°ﬁ§HFﬁﬁ15ﬁﬂ°ﬁ RY i By si on | ens
in an 3134 H&ivlﬂ@5thQPBbEQEameﬁécokai%'ﬁ@dﬁ&n?piﬁéﬂd{@l?n& having the
function of the solid imersion lens is disposed between the optical

recor di ng§lRedriArlAY gandychive| meteréal| Yocpaufernvel tiserrofil thend an
optical | aF\A Lon, ap, obj Lve lens. .focusi | aser
beam to ???ggﬁgﬁé ?gekggf%ggflégc%g ?ngh%9é§§%$afcﬁﬁ%ﬁf%+%% T?é?%?ép of
provi di ngniheheptrepabdhetionnofhinbothat Dbh eEtbmethensptadgi t he solid
imersion lensg.,are integrally retained by one holder nenber; and an
eIectricﬁ?F?rébﬂﬂu%??% mef@PEIS+%9used on a surface of the optical head
facing the ophhCabties®rHedd inELhd Mg 94ENEEPhd P dndusont#g) signal for
controlling the distance between the solid inmersion |ens and the optical
recordin@etaining 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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medi um as neasured in a direction along an optical axis of the |aser beam

according to an electrostatic capacity fornmed by the el e€d May£0 ?

conductive material and the optical recording nedium and noving the

hol der nenber in the optical-axial direction according to the control
signal. 32 24 May 2005 ABSTRACT OF THE DI SCLOSURE An optical head (1)

"~ having an optical neans for focusing a |aser beamto irradiate an opti cal

recordi ng nedhnne@éétrhealmgubppddcthvb natebielt iyveusedsig 2¢héocusing a

rsion_lens (3) disposed between the

I d
ogfg(r:tlvgn}'éﬁ§a’r'l‘ﬁ‘?}’gﬁzda{1 gneﬁt%ﬂn F%E%Féuﬂﬁ 79 BAFiB§*2t he head

CO”DFIS'ﬁgreloHOLQGélgéﬂPﬁéai ESﬁnéEEé&r€$|¥héeﬁ81&é99m&£@é£enses (2) and
(3) and a noving nmechani sm (5a) for noving the holder nmenber in a

direction along an opti cal aX|s of the |enses (2) and (3), wherein an
t he %I?tlcal head

electrically d Y used _on face f

facing the opﬁgga Ssr"é%%?glgélé ‘ills.ln’lf?gl?n °RRk nﬁ??%’é‘?”&%éﬁ Hcan be
made | argecbydihe selcnaimm;swm;eeiﬁns é&:}fawr&ﬁvaﬁe édBidi r gap can be
controlled with hi precision according to the electrostatic capacity
formed bEPRRERLIORN e%?e@??*%%JFQecﬁhﬁh%? VECHRXEING meGHI® he optica

'recordlngrogpgagg1g@litngéﬁgféfrggitigﬁ novi ng nmechani sm (5a) and the
signal processing for the focus servo, operation can be nade sinpler. 33.

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

31




24 May 2005

éptical head,'in which an optical means having the fuhdtion of
the solid immersion lens is disposed between the optical
recording medium including an electricaliy conductive material

' and an optical meané having the function of an objective lens
focusing a laser beam to irfadiate_the 6§tical recording medium,
comprising the step of :

providing the optical head in which the objective lens
and the solid immersion lens are integ;ally 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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