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I nvention: The present invention relates to a repra ué!ng apparatus of an
optical recording nmedium and an optical pickup device, and nore
particularly to a reproduci ng apparatus of an optical recordi ng medi um
which is capable of reproducing an information signal fromat |east two
types of optical recording nmediuns and an optical pickup device. 2.
Background of the Invention In recent years, the recording density of an
opti cal d'?beﬁNBbC¥h%5%N%%B%Ebﬁ of serving as a storage unit for a conputer
and a package ia tof nusrc and inmage information, has been raised. In
order to rePEICALNEICKURODEVDQE dENTS IRBPROBUGENG ety of contrivances have been

considered in which the NA (Nunerical Aperture) of an objective lens for
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BACKGROUND OF THE INVENTION

1. Field of the Invention:

The present invention relates to a reprodhcing apparatus
of an optical recording medium and an optical pickup device, and
more particularly to a reproducing apparatus of an optical
recording medium which is capable of reproducing An-information

signal from at least two types of optical recording mediums and

an optical pickup device.

Y

2. Background of the Invention *

In recent years, the recording density of an optical
disk, which is capable of serving as a storage unit for a
computer and a package media for music and image information, has
been raised. In order to raise the recording density,.a variety
of contrivances have been considered in which the NA {Numerical
Aperture) 6[ an objective lens for usce in Lhe oplical pickup
_device is enlarged and ih which the diameter of the beam spot is
reduced by shortening the wavelength of the }ight beam.

In general, an optical disk using a wavelength of 635 nm
or 650 nm, having a NA of 0.45 or greater and capable of
recording data at a high density includes a;subsirate having

a thickness of, for example, 0.6 mm which is smaller than the



reduced by shortening the wavel ength of the |ight beam In general, an
optical disk using a wavel ength of 635 nmor 650 nm having a NA of 0.45 or
greater and capable of recording data at a high density includes
a.substrate having a thickness of, for exanple, 0.6 mmwhich is smaller

t han the 2 thickness of 1.2 mmof the substrate of the conventional
optical disk in order to enlarge an allowable error (hereinafter called
"tol erance") against deterioration of the information signal occurring due
to skew or the like. It leads to a fact that plural types of optical disks

havi ng different SP&CiT bGal iogr.-]%he %%Qt?&ti YeTeEs ANdehblSkNes3es0f the
substrates, exist on the narket. wever, users have a requirenent for
reproduci ngidihenpbider tbypebarfe talica BMatabakl er o | (@@iredhskise hyadDed

optical -di sk reproduci ng apparatus. A conpatible.oggicaL di sk reProducing
appar at us hestaseape thnagdidysdd ded eiyd ormpl oy e@lf whhehintormaidpne sdgnal .
reproducingcgﬂchal di sks

ring due to skew or the }iket

It leads to a fact that plural types of optical disks
having different specifications, such as formats and thicknesses
of the substrates, exist on the market. However, users have a
requirement for reproducing the plural types of the available
optical disks by one optical-disk reproducing apparatus. A
compatible optical disk reproducing qppa;atus has been considered
to be employed which is capable of reproducing optical disks
ﬁaving different optical specifications, such as thicknesses of
thé substrates. .

When the conventional optical pibkup device reads and
reproduces an information signal ftom an optical disk composed
of a substrate having a thickness of 1.2 mm by an objective lens
adapted to be capable of forming a beam spot having an optimum
shdpe on an optical disk composed of a substrate having a
thicknes; of 0.6 mm and having data recorded at a high density,
spherical aberration generated attributable to the difference in
the thickness of the sub;trate raises a problem that a
satisfactory information signal cannot be obtained.

Accordingly, a portion of the conventional optical pickup
devices has a structure having a plurality of objective lenses

consisting of a first objective lens adapted to the optical disk



havi ng different optical specifications, such as thicknesses of the
substrates. When the conventional optical pickup device reads and
reproduces an information signal froman optical disk conposed of a
substrate having a thickness of 1.2 nmby an objective |ens adapted to be
capable of form ng a beam spot having an opti num shape on an optical disk-
conposed of a substrate having a thickness of 0.6 nm and having data

recorded at a high density, spherical aberration generated attributable to
the difference in the thickness of the substrate raises a problemthat a
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of the conventional optical pickup devices has a structure having a

pluralitysobstiytechaving ehseshicknesstah@.6fmm, fandse s®gjosdt olwvirdtdne adapt ed
to the optical disk 3 for use in a high recordLn% density operation and
conposed dF"E HEPTAREEEr At etfadRE e tHiVERAebR® Ot iFkBe it ©Grld Za "Tecond

obj eCtIVe'l‘hus, either of the two objective lenses is switched to be

adaptable to the objective lens from which information signals
are attempted to be read and reproduced so that the information
signals are read and reproducéd. However, the above-mentioned
optical pickup device has a problem in that control and-the
structure for switching the objective 1lenses become tob
complicated and the m#nufacturing cost cannot be reduced.
'Another portion of the cohventional optical pickup
devices uses hologram to employ.an objective lens having two
focal distances, using either beam spot*to be adaptablé to the
thickness of the substrate of the optical disk. However, the
optical pickup device encounters a problem that the cost for
manufacturing the objective llens having two focal distances

cannot be reduced and reliability is unsatisfactbry.

SUMMARY OF THE INVENTION

It is therefore an objéct of the present invention to
provide a reproducing apparatus of an optical recording medium
which resolves the above-mentioned problem.

It is another object of the present invention to provide

an optical pickup device which resolves the above-mentioned

problem.



| ens conposed of the substrate having the thickness of 1.2 nm Thus, either
of the two objective lenses is switched to be adaptable to the objective

| ens fromwhich information signals are attenpted to be read and reproduced
so that the information signals are read and reproduced. However, the
above-nenti oned optical pickup device has a problemin that control and the
structure for switching the objective | enses becone too conplicated and the
manuf act uri ng cost cannot be reduced. Another portion of the conventional

optical pickup devices uses hologramto enploy an objective | ens having two

focal distances, nsid@igist beriheprespol inveheiadaptnabkeis oprtdvadehi ekness of
the substrate of the optical disk. However, the optical pickup device
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recordi ng medi um whi ch resol ves the above-nentioned problem 1t is another
obj ect of thécipressent li.Avemtandnatsibstowtelchaving a thickness of 1.0 mm.
The reproducing apparatus has a light éource, an objective lens
and a control portion. The light source emits light beams having
a wavelength of 700 nm or.shorter. The objective lens condenses
the light beams emitted from the light source through the
substrate of the optical recording medium. The objective lens
has ; numerical aperture of 0.45 or greater. %he control portion
controls the surface on which the light beams are focused by the
objective lens to be positioned between the paraxial image
surface and the minimum-wave-aberration image surface when data
is recorded and/or reproduéed to and from the optical recording
medium composed of the substrate having a thickness of 1.0 mm or
smaller.

According to the present invention, there is provided an
opticallpickup device. The optical pickup device is used to read
at least two types of optical recording mediums respectively
composed of a substrate having a thickness of 1.2 mm and a
substrate having a thickness of 1.0 mm or smaller. The
reproducing apparatus has a light source and an objective lens.

The light source emits light beams having a wavelength of 700 nm

or shorter. The objective lens condenses the light beams emitted



an optical pickup device which resolves the above-nenti oned problem 4
According to the present invention, there is provided a reproducing
apparatus of an optical recording nmedium The reproduci ng apparatus
reproduces at |east two types of optical recording nediuns respectively
conposed of a substrate having a thickness of 1.2 mmand a substrate having
a thickness of 1.0 nm The reproduci ng apparatus has a |ight source, an
objective lens and a control portion. The light source emts |ight beans
havi ng a wavel th,of, 700 nm oy, shorter. Th bj ecti ve | ens candenses the
li ght bea\regm&mg{a?eglﬂ’tonf?‘h’écﬁ.i€g’h'f°“§(5‘urté‘§ tsnu(r%C)sgéJﬁE?hé’fsutbhs?t r%ﬁCtéCS t he

optical recessiing REdidshn T 0B 8cLiwe 18BShARSa hUneFREL LAk peafitikur e Of
0.45 or greater. The control portion controls the surface on which the

| i ght beart @Qr4d bocasextery tWhembjagat i verdomrdetdoamnd/ pogieprotettddabween t he
par axi al i mage surface and _the m ni nrum wave-abertati on i mage surface when
dat a and from the optical recording medium composed of the Substrate

having the thickness of 1.0 mm or smaller, the surface on which

the light beams are focused by the objective lens is positioned

between the paraxial image surface and the minimum-wave-

aberration image surface.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing the structure of an
optical disk reproducing apparatus to which an optical piékup
device according to an embodiment of thg present invention is
applied;

FIG. 2 is a schematic view showing the structure of the

: optical'piekup device;

FIG. 3 is a diagram showing an iﬁage surface on which a
spherical aberration ﬁakes place to explain the position of an
objective lens of the optical pickup device; '

FIG. 4 is a graph showing an MTF curve 'of optimum MTF
surfaces realized when an optical disk having t = 1.2 mm has been,
reproduced by an objective lens of the optical pickup device set

such that A= 532 nm, NA = 0.53 and t = 0.6 mm; _

FIG. 5 is a graph showing an MTF curve of paraxial image

surfaces realized when the optical disk having t = 1.2 mm has



I's recorded and/or reproduced to and fromthe optical recording nedi um

conposed of the substrate having a thickness of 1.0 mmor snaller.

~According to the present invention, there is provided an optical pickup
device. The optical pickup device is used to read at |east two types of

optical recording mediuns respectively conposed of a substrate having a
~thickness of 1.2 mmand a substrate having a thickness of 1.0 nm or

smal | er. The reproduci ng apparatus lgas a |ight source and an objective
| ens. The light source emts |ight beans having a wavel ength of 700 nm or

shorter. Wbben elpecdidal bens epfélenisRs1éhe olfi e obeaes! eitkdrdevicd fromthe
| i ght source through the substrate of the optical recordlng medi um The
obj ect i ve setmautiadhat pAmeBdizcam, aert @ &3 otn® . U5 B¢ 6 g’l‘"bater Wien data is

recorded and/ or uced nd . fr n1the tlcal cordin nedlum
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conposed of the at% ﬁﬁﬁg Pﬁlékness of V4.0 Mmoot smalFer, the

surface oRp¥h}£dhion image surfaces realized when the optical disk having
t = 1.2 mm has been reproduced by an objective lens of the
optical pickup device set such that A= 532 nm, NA = 0.53 and t
= 0.6 mm; -

FIG. 7 is a diagram showing the shape of a beawm spot
formed when the optical disk having ¢t = 1.2 mm has been
reproduced by an objective lens of the optical pickup device set
such that A= 532 nm, NA = 0.53 and t = 0.6 mm;

FIG. 8 is. a diagfam showing the shape of a beam spot
formed when the optical disk having-t = 1.2 mm has been
reproduced by an objective lens of the optical pickup device set
such that A= 532 nm, NA = 0.53 and t = 0.6 mm in a state where
the optical disk is inclined by an angle of 1°

FIG. 8 is a graph showing an MTF curve of optimum MTF
image surfaces realized when the optical disk having t = 1.2 mm
has been reproduced by an objective lens of Lthe optical pickup
device set such that 1= 532 nm, NA = 0.53 and t = 0.6 mm in a
state where the optig}l disk is inclined by an angle of 1°

FIG. 10 is a graph showing an MTF curve obtained when an
optical disk having t = 1.2 mm .has been reproduced by an

objective lens of the optical pickup device set such that i= 780
nm, NA = 0.45 and t = 1.2 mm;



the light beans are focused by the objective lens is positioned between the
paraxi al inmage surface and the m ni num wave- aberration inmage surface.

BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic view show ng the
structure of an optical disk reproducing apparatus to which an opti cal

pi ckup device according to an enbodi nent of the present invention is
applied; FIG 2 is a schematic view show ng the structure of the optical

pi ckup device; FIG 3 is a diagramshow ng an i nage surface on which a
spherical aberration takes place to explain the position of an objective

| ens of the optical pickup device; FIG 4 is a graph showi ng an MIF curve
of optinum MIF sUffGactk isemlsirzed siveringramMIFcairvdi sk reenpxigltimage 2 nm has

b d bj ect s of .the o tlcal c evice set such
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t = 1.2 nm has
" such that A= 650 nm, NA = 0.6 and t = 0.6 mm;

FIG. 12 is a graph showing an MTF curve of optimum MTF
surfaces realized when an optical disk having t = 1.2 mm has been
reproduced by an objective lens of the optical pickup device set
such that A= 650 nm, NA = 0.6 and t = 0.6 mm;

FIG. 13 is a graph showing an MTF curve of minimum-wave-
aberration image surfaces when an optical disk having t = 1.2 mm
has been reproduced by an objectfve lens of the optical pickup
device set such that A= 650 nm, NA = 0.6 and t = 0.6 mm;

FIG. 14 is a graph showing an MT% curve of paraxial image
surfaces gealized when an optical disk having t = 1.2 mm has been
reproduced by an objecfive lens of the optical pickup devicé set
such that A= 680 nm, NA = 0.45 and t = 0.6 mm;

FIG. 15 is a graph showing an MTF curve of optimum MTF
surfaces realized when an optical disk having t = 1.2 mm has been
reproduced by an objective lens of the optical pickup device set
such that A= 680 nm, NA = 0.45 and t = 0.6 mm;

FIG. 16 ié.a graph showing an MTF curve of minimum-wave—
aberration image surfaces realized when an optical disk having t
= 1.2 mm has been reproduced by an objective lens of the optical
pickup device set such that A= 680 nm, NA = 0.45 and t = 0.6 mm;

FIG. 17 is a graph showing an MTF curve of paraxial image

K



6 been reproduced by an objective lens of the optical pickup device set
such that [err]=532 nm NA=0.53andt = 0.6 nm FIG 6 is a graph
showi ng an MIF curve of m ni mumwave- aberration imge surfaces realized
when the optical disk having t = 1.2 nm has been reproduced by an objective
| ens of the optical pickup device set such that [err]= 532 nm NA = 0.53
andt = 0.6 mm FIG 7 is a diagran1sho&ﬁng t he shape of a beam spot forned
when the optical disk having t = 12 mmhas been reproduced by an

objective |l ens of the optical picky eyi gce. set such that rr],.=.532 nm NA
= 0.53 aﬁd"?ac:ef).rgar‘rﬁfe el s°p_tégﬂ?a%‘rs_ m & hov ;tg "t %égs"hm[agﬁs 01°%® beam
spot for nRQ ¥i&fed WCan W jleClive disls otaVh&Gptlical Biekdpndeasce RN
reproduced by an objective lens of the optical pickup device set such that
[err] = 53&ichnthdA A= 083nmndRAt ==005% and itn=a0 & atme where the optical disk

Is inclined by an anqle_of lerr]; FIG 9 is a graph shomﬁng an MIF curve
of optinum MIF FIG.R 8 is a graph showing an MTF “curve of optimum MTF
surfaces rea!ized when an optical disk having t = 1.2 mm has been

reproduced by an objective lens of the optical pickup device set

such that A= 700 nm, NA = 0.55 and t = 0.8 mm; and
FIG. 19 is a graph showing an MTF curve of minimum-~wave-—
aberration image surfaces realized when an optical disk having t

= 1.2 mm has been reproduced by an objective lens of the optical

pickup device set such that A= 700 nm, NA = 0.55 and t = 0.8 mm.

DESCRIPTION OF THE INVENTION

An optical pickup device according to the present
invention_will now be described with reference to the drawings.
An optical pickup device 3 according to an embodiment of the
present invention is adapted to an apparatus 2 for reproducing an
optical disk structured, for example, as shown in FIG. 1.

The optical disk reproducing apparatus 2 is a so~called
cohpatible opticaltdisk reproducing apparatus which is capable of
reproducing information signals from both of an optical disk 1,
such as a compact disk, composed of a substrate having a thickness
t of 1.2 mm and a high recording density oﬁtiéa! disk composed of
a substraté.having a thickness t of 6.6 mm.

As shown in FIG. 2, the opiicai pickup ﬁevice 3 has a



| mage surfaces realized when the optical disk having t = 1.2 mm has been
reproduced by an objective |lens of the optical pickup device set such that
[err]= 532 nm NA=0.53andt = 0.6 Mmin a state where the optical disk
is inclined by an angle of 1[err]; FIG 10 is a graph show ng an MIF curve
obt ai ned when an optical disk having t = 1.2 mm has been reproduced by an
objective lens @f the optical pickup device set such that [err]= 780 nm NA
=0.45and t = 1.2 mm 7 FIG 11 is a graph showi ng an MIF curve of
paraX|aI |nage surfades realized when an optical disk having t = 1.2 nm has

been repr ddgbbdoyreart lobsedh asea | kaserodiades @prlqmlf-tpnskwdlaetnmwset such
t hat [err]—
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device set such that [err]
a light beam to the 1nformatxon sxgnal layer, a photo detector

portion 14 which receives the light beam reflected by the optical
disk so as to convert the light beam into an eléctric signal and
a detection signal processing portion 16 for obtaining a tracking
error s?gnai from the detection signal; a focusing error signal
and a main reproduction signal from a detection signal supplied
from the photo detector portion 14.

The tracking error signal and the focusing error signal
obtained by the detection.signal processing portion 16 of the
optical pickup device 3 are supplied to,a servo circuit 6 shown
in FIG. 1. 1In accordance with the tracking error signal and the
focusing error signal, the servo circuit 6 performs tracking
control for controlling.movement of an objective lens, to be
described later, into a direction of a plane perpendicular to an
optical axis of the objective lens, and focusing control for
controlling movement of -the objective lens into a direction
running parallel to the 6¥tical-Axis of the objective lens.

The optical pickup device 3 is structured such that a
focus drive signal is supplied to an actuator 10 holding the
objective lens 9 to move the objective lens 9 in directions in
which the objectivq lens @8, for example, apﬁroaches the

information signal layer of the optical disk 1 and moves away from



FIG 13 is a graph show ng an MIF curve of m ni numwave- aberration inage
surfaces when an optical disk having t = 1.2 mm has been reproduced by an
obj ective |l ens of the optical pickup device set such that [err] = 650 nm
NA=0.6andt =0.6 nmm FIG 14 is a graph showi ng an MIF curve of

par axi al image surfaces realized when an optical disk having t = 1.2 nmm has
been reproduced by an objective |ens the optical pickup device set such
that [err]= 680 nm NA =0.45andt =0.6 mm FIG 15 is a graph showi ng an
MIF curve of optinmm MIF surfaces realized when an optical disk having t =
1. 2 mm hahepSafes epf othrted A5y2afopb] e tisy @eréREMYT - « HEPTEBYPEal 2 pt¥kup

devi ce Sef. Selch NBkeld ' RO kil =e0rdtd lthali 30ckellledd Go 16 15- 2
graph show rnig an curve of mnimumWwave- aberration inage surfaces

reali zed yéirade Hptheald dirsie hawdnag Wieh lwiidAmehasrbee mechphroshiced by an
objective |l ens of the optical pickup device set such that [err]= 680 nm NA

= 0. 45 anepqrated. i mrdeF| @ move $he orensH Ishodn rf deMIPt tasrly @iokupar axi al
| mage device 3 in, for example, a radial direction of the optical disk

1.

The main reproduction signal obtained by the detection
signal processing portion lq is subjected to an EFM demoduration
prbcess and a CIRI decoding process so as to be formed into
reproduction digital data, and then conQerted into an analog
signal by a digital/analog converter 4. The analog signal is
transmitted through an output terminal 5. A'servo circuit 86
controls rotations of a spindle motor é ip accordance with clocﬁs

"obtained from the main reﬁrﬁduction signal.

The-detailed structure and operation of the optical pickup
device 3 will now be described. Referring to FIG. 2, a diffusion
beams emitted from a 1light source 11 are diffracted ﬁy a
diffraction grating 12 so as to be separated into three beams
consisting of O-order beam and ¥ i-order beams. Each light beam
diffracted by the diffraction grating 12 is reflected by a beam
splitter 13 so as to be allowed to propagate to the objective lens
8. The light beam emitted from the light source 11 is, by the
objective lens 9, condensed and focused on the information signal
layer of the optical disk 1 through the substrate of the optical
disk 1, the informaﬁion signal layer serving as a signal recording

ale



surfaces realized when an optical disk having t = 1.2 mm has been
reproduced by an objective |lens of the optical pickup device set such that
[err]= 700 nm NA =0.55andt = 0.8 Mm FIG 18 is a graph showing an MIF
curve of optinmum MIF surfaces realized when an optical disk having t = 1.2

nm has been reproduced by an objective | ens of the opti cal
set such that [err]= 700 nm NA = 0.55t%nd t = 0.8 mm and

pi ckup devi ce
FIG 19 is a

graph showi ng an MIF curve of m ninumwave- aberration image surfaces
real i zed suwhéacan offhe cabid¢tsiwehakﬁw¢g & &5 1spbigatiess Yeehhe eprasdi®éd by an
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3, and then caused to reach the light rece1v1ng surface of the
pho@o detector portion 14.

.. Although FIG. 2 shows only the optical disk 1, such as a
compact disk, including a substrate having the thickness t of 1.2
mm, the optical pickup device 3 is able to reproduce both of the
foregoing opticél disk 1 and a single~layer optical disk including
8 substrate having thickness t of 0.6 mm and an information signal
layer located at a position of 0.6 mm from the signal reading
surface. Moreover, the optical pickup device 3 is able to
reproduce an information signal from an information signal layer
Pf a single~layer optical disk including a substrate having
thickness t of 0.8 mm and an information signal layer of a double-
layer optical disk formed by laminating two single-layer optical
disks each including a substrate having thickness t of 0.6 mm.

The objective lens 9 of the.optical pickup device 3 is
structured such that a diffraction 1limit 1light beam can be
obtained on the signal recorded surface of the optical disk in a
case where the numerical aperture NA is 0.45 or greater, the

thickness t of the substrate of the optical disk is 1 mm or

1t



such as a conpact di sk, conposed of a substrate having a thickness t of 1.2
nmm and a high recording density optical disk conposed of a substrate having
a thickness t of 0.6 nm As shown in FIG 2, the optical pickup device 3
has a 9 light source 11, such as a laser diode, for emtting a |ight
beam an objective lens 9 capable of formng a beam spot on an
information signal |ayer of two types of optical disks by applying a |Iight
beamto the information signal |ayer, 1 photo detector portion 14 which

recei ves &:h¢1 Lk ofa h8RMEEL ] Sfesd ADY £t Be ORtdHtAbedhSkn Hi% &S £1-0m CORWErt the
light beaminto an electric signal and a detection signal processing

portion 16 ghersabtca ning 3400 rmcbrngshartesr. Sthgitalis{ ridm dhpeadivectemn si gnal
a focusing error signal and a main reproduction signal froma detection

si gnal subpPFegrdiEm tpe YhHst ceradmest pbt t SoRUBIrethes¥¢hc ity et ror
signal ang g ol oGHS R o1 [ $edR2 WA WnBER PYhi1BuChLAldQR 5F L2
processi ng portion 16 of. the
beam spot can bBe obtained without any aberration, can be obtained
on the signal recorded surface of the optical disk in a case where
the numerical aperture NA is 0.53, the wavelength 1 of the light
beam is 532 nm and the thickness t of the substrate of the optical
disk is 0.6 mm.

The diameter of the beam spot obtainable from the

objective lens 9 can be calculated by the following formula:

1.22 - A/NA

The diameter is 1.22 pm in this case.

Since the optical .disk 1, such as a compact disk,
.generally has the numerical aperture NA of 0.45 and the wavelength
of the light beam is 780 nm, the diameter of the beam spot is 2.11
hm. Since_the diameter of Lhe becam spot obtainable f[rom the.
optical pickup device 3 is therefore smaller than that formed on
the optical disk 1, information signals recorded more densely can
be reproduced.

As for deterioration in ;he information signal occurring
due to skew of the optical disk, the tolerance is narrowed in

inverse proportion to the numerical ‘aperture NA. Since the



optical pickup device 3 are supplied toa servo circuit 6 shown in FIG 1.
In accordance with the tracking error signal and the focusing error signal,
the servo circuit 6 perforns tracking control for controlling novenent of
an objective lens, to be described later, into a direction of a plane
perpendi cular to an optical axis of the objective |lens, and focusing
control for controlling novenent of the objective lens into a direction
running parallel to the optical axis df3 the objective |l ens. The opti cal

pi ckup device 3 is structured such that a focus drive signal is supplied to

an act uat of, J1Qnpe! A aomnei:.wev,%el BPSpr iAnTRY t HeN@nPOL AL YEot ENS 9 i

directions 1 n whic o Jective lens 9, for exanple, approaches t he

i nf or mat i oe asrugeafahaymr thé dptdcaptdisd, dihektdlarmhcrDees wanvaynpiooed 10
the sane, so that.focus control is performed. Mreover, a |ow frequency
regi on of tYhe imesc Ril gL B rihgn §ih§ﬁaP Shexartedardddt gk gbnEtdine: hhead drive

si gnal MAt é%la%e ﬁgJJg%e%ge %E§Q1 s%f 1.2 mm when the thickness of
the substrate of the optical disk is made to be 0.6 mm.

The recording capacity of the optical disk is made to be
larger than that of the optical disk 1 when the wavelength 1 of
the light beam is shortened, the numerical aperture‘NA of the
objective lens is enlarged and the thickness t of the substrate
of the optical disk is enlarged. Thus, an optical disk on which
information can densely be recorded can be realized.

When an information .signal is reproduced by the optical
pickup device 3 from the optical disk 1'including the substrate
having the thickness t of 1.2 mm b§ using the same wavelength from
the same light source 11 and the same objective lens for use when
an information signal is read and reproduced from the high density
recording optical disk, the difference (1.2 - 0.6) mm in the
thickness t of the substrate of the optical disk causes a
spherical aberration to be generated unxntentxonally Therefore,
the optical pxckup dev;ce encounters a problem in that the light
beams cannot converge to one point on thg focal plane and thus the
diameter of the.beam -spot -is unintentionally enlarged, as shown
in FIG. 3.

In general, wﬁen the beam spot diameter is enlarged, the

MTF (Modulation Transfer PFunction) of an optical pickup device ~

«
B



operated in order to nove the overall body of the optical pickup device 3
in, for exanple, a radial direction of the optical disk 1. The main
reproduction signal obtained by the detection signal processing portion 16
I's subjected to an EFM denodurati on process and a CIRI decodi ng process so
as to be forned into reproduction digital data, and then converted into an
anal og signal by a digital/analog convadter 4. The analog signal is
transmtted through an output term nal 5. A servo circuit 6 controls

rotations ffdiaasphgldbRe NP PformainBe 0T Gi¥ada ngi tali ClRIema®bérli Hghdllr om t he
mai n reproduction signal. The detailed structure and operation of the
opti cal pitdafidassbbe EURiniprabed be Hrsihipedasref bhti AgalidyFiod the 5

di ffusion beans. enti froma l.igh ource 11 are diffracted by a
di ffracti o'hepgrr%gf’lc% ’1'%%5'8&5?1*5‘"{ o“ﬁg'age%%?eé‘tlé’ a%’ﬁ?b three beans consisting of

O order beam and pdudieder i POH® wabkating it obeawR diifzhtagd &8 iRY 768 €m
diffraction grating 12 is reflected by a beamsplitter 13 so as to be

al | oned t coprapagare droMTReerc))ldogi ¥e 1irefvem@tidinesigngiit tbdsmreniitdratl from

the light source 11 is, by the objective Iens 9, condensed_and focused on
t he infornﬁf?%ﬂ?“§?§rﬁﬂ“ be obtained from a beam spot encountered spherical

aberration by locating image—formation surface B between a
paraxial image surface A an& the minimum—wave~aberration imagé
point C, as shown in FIG. 3. ﬁbte that the image~formation
surface B located between the paraxial image surface A and the
minimum—-wave-—-aberration image surface C is hereinafter called an
"optimum MTF image surface B".

The MTF on each image Surface obtainable from'the optical
pickup device 3 will now be described with reference to FIG. 4 and
FIGS. 5 and 6. The axis of ordinate qf the graphs shown in each
of FIGS. 4 through 6 stands for the MTF, while the axis of
abscissa stands for the spatial frequencies. Continuous lines
shown ih FIGS. 4 to 6 indicate MTF curves, while dashed lines
indicate diffraction limit stigmatic MTF.

As éan be understood from fIG. 4, the ﬁTF of the MTF curve
of the optimum MTF imaée surface B is not made to be zero but the
same spreads to a spatial frequency region not lower than 1000
cycle/mm. As can be understood. from the MTF curve of the paraxial

image surfaces A shown in FIG. 5, the MTF is unsatisfactorily made

to be zero in a'spatial frequency region not lower than 800

. v!"','\\-'.



| ayer of the optical disk 1 through the substrate of the optical disk 1,
the information signal |ayer serving as a signal recording surface. The
objective lens 9 is subjected to the tracking control process and the
focusing control process by the actuator 10 to condense |ight beam above to
the information signal |ayer of the optical disk 1 so as to formthree
spots. Three reflected beans fromthe information signal |ayer of the
optical disk 1 are allowed to pass t®Bough the objective lens 9 and the
beamsplitter 13, and then caused to reach the |light receiving surface of

t he phot ccyidQte@mihOr ApOddn 68 unlie rAlt bho Uytom-t ke .MIFSbamee oifl Yhé lnd nopdm-cal di sk

1, such as a conpact disk, including a substrate having the thickness t of
1.2 nm t¥YeopPRERRtisinc kmpeRietH if@c8s| S athe MTE AdpPadtide® 5t AesP ihe

foregoing_optical. disk 1 an .Sl n -l ayer . i C ' iAcludi ng_ a
Goberr at oo et RREdudncdHeB S EAENGL AP C8Y SO CISUHE ",
| ocat ed aihqwnPQnl Ft@Nn ef 0.6 mm from the signal readi ng surface.
Moreover, the optical pickup device 3 is able to

As described above, the MTg_obtainable from the optical
pickup device 3 is reduced as compared with a case where no
 aberration takes place at any position, as shown is 4, 5 and 6.
That is, in a case where an iqformdfion signal 1is read and
reproduced from the optical disk 1 including the substrate having
the thickness t of 1.2 mm, deterioration in the jitter indicating
the reading performance can be prevented because the waveform of
the signal does not deteriorate considerably though the overall
level of the information signal is lowered.
 Since the optical pickup device 3 is structﬁred such that
the position is .controlled by defocusing the image—-formation
surface, the waveform of the information signal of the optiéal
disk 1 does not deteriorate. Therefore, the information signal
can satisfactorily be read and réproduced.' Therefore, the opticai
pickub device 3 is hot required to change the objective lens to
be adaptable to optical disks including substfaies .haviné
different thicknesses t ér to use hologram or the like. Only by
qhanging set values of the focus bias of the servo circuit 6 when
the objective lens 9 is subjected to the focusing control, a
satisfactory information signal can be obtained by using the same

objective lens. To change the focus bias, a detection mechanism



reproduce an information signal froman information signal |ayer of a
single-layer optical disk including a substrate having thickness t of 0.8
nm and an i nformation signal |ayer of a double- |ayer optical disk forned
by lam nating two single-layer optical disks each including a substrate
having thickness t of 0.6 mm The objective lens 9 of the optical pickup
device 3 is structured such that a diffraction linmt |ight beamcan be
obtai ned on the signal recorded surfacaé6of the optical disk in a case where
the nunerical aperture NAis 0.45 or greater, the thickness t of the

subst r at e'aafb% [F@PépYPd o deSrriine] whnthgr thelzp%mll dishntpaded intel engt h

[err] of ht. beamenitted from the rce 11 1s,.700 nm

shorter. reé?°dfﬁé"%bf§8?fa e ehd g"ac%%ﬁ%f o3 hfgcgﬁﬂﬁﬁﬁréhﬁ i's

structur esd.bgughté hidv ighedi frfe o i pek s Mot 14, @htmnhe@m all bBe YW £hafeymi ni mum

di aneter of a beam spot can be obtained without any aberration, can be

obt ai ned o luliénsitgeasurstootdebaging dbe Uiickinesspef dalé amsk Innphaease where
of using the detection mechanis@. fgcus control is initially
performed with a focus bias adaptaple to the optical disk
including the substra;e having the thiékness t of 1.2 mm; if the
focusing control cannot belperfgrmed. then the focus bias is
switched to a value adaptable tdﬂfhe aoaptical disk including_the
substrate having the thickness t of 0.6 mm.

An influence Bf comaiiclaberraéion occurring due to disk
skew in the optical pickup device 3 will now ﬁe described with
reference to the drawings. FIG. 7 shows the shape of a beam spot
of the optimum MTF image sufface B formed when the optical disk
1 having t = 1.2 mm hag been reproducéd by the objective-lens 9
set to an optical disk arranged such that the wavelength 1 is 532
nm, the numerical aperture NA is 0.53 and the substrate thickness
t is 0.6 mm. FiG. 8 shows the shape of a beam spot formed when
the optical disk 1 having t = 1.2 mm has béén repfoduced by the
objective lens 9 set to an optical-disk arranged such that the
wavelength i is 532 nm, the numerical aperture NA is 0.53 and the
.substrate thickness t is 0.6 mm in such.a manner that {he optical
disk is inclined by an angle of 1°. As shown in FIGS. 7 and 8,
the influence of inclination of the optical disk, that is, the

influence of the comatic aberration occurring due to so-called



the nunerical aperture NA is 0.53, the wavelength [err] of the |ight beam
Is 532 nmand the thickness t of the substrate of the optical disk is 0.6
nm The di aneter of the beam spot obtainable fromthe objective |l ens 9 can
be cal culated by the follow ng fornula: 1.22 [err]/NA The dianeter is
1.22 [err]min this case. Since the optical disk 1, such as a conpact di sk,
general-ly has the nunerical aperture NA of 0.45 and the wavel ength of the
light beamis 780 nm the dianmeter of tlHe beam spot is 2.11 [err]m Since

t he dianeter .0 he am spqt. . obt ai nab fr pt i ' vice 3
i's theref oaﬁesksir;rlé% &° ?hgﬁét%xa:esgé?‘ﬁg% Jc?%etrﬁgg%% i%chfa%l t’hlggi o%j %F%%{Lﬁrﬂat i on
signal s regwtded nore densely can be reproduced. As for deterioration in

the information signal occurring due to skew of the optical disk, the

tol erance i s narr®l@d 9 shows cans MTHr opove iodnopt bnymh MTHU i Hurfapes t ure NA
Since the -

realized when the optical disk 1 having t = 1.2 mm has been
reproduced by the objective lens 9 sei to an optical disk arranged
such that the wavelength 1 is 532 nm, the numerical aperture NA
is 0.53 and the substrate thickness t is 0.6 mm in such a manner
that the optical disk is inclined by an angle of 1°. Since the
" optical pickup device 3 does not encounter considerable
deterioration in the MTF and excessive PTF (Phase Transf;r
Function) occurring due to the comatic aberration caused from disk
skew as shown in FIG. 9, deterioration of the quality of the

information signal can satisfactorily be prevented. Thus, the

skew tolerance can be widened.

As described above, the optical pickup device 3 according
to this embodiment has the objective lens 8 set in such a manner
that a diffraction limit light beam can be obtained with which a
minimum diameter of a beam spot can be realized on a signal
recording ;urface of an optical di;k without'.generation. of
aberration in a case where the numericgl aperiure NA is 0.53, the
wavelength A of the light beam is 532.nm and the thickness t of
the substrate of tLhe op;ical disk i$ 0.6 mm; and the servo circuit
6 for controliing the image-formation surface of the light beam
to be positioned between the paraxialhimage surface A and the

minimum-wave—aberration image surface C when the optical disk



13 tolerance is enlarged in inverse proportion to the thickness t of the
substrate of the optical disk, the tol erance can be inproved two tines

bi gger than that of the optical disk 1 including the substrate having the
thickness t of 1.2 nmwhen the thickness of the substrate of the optical
disk is made to be 0.6 nm The recording capacity of the optical disk is
made to be larger than that of the optLﬁgI di sk 1 when the wavel ength [err]
of the Iight beamis shortened, the nunerical aperture NA of the objective
|l ens is en]arged and the thickness t of the substrate of the_optical disk

i s enl ar gl IPALRE LB opthTLN2tEi HeVAREWEPER YPAFBPEER | bnofart - BeM®el i be

recorded caip-BauEsd! | 28fs, RO Alkds3iR) "B | Gingii ARt nd o eREPHUCRL DY the
optical pickup device 3 fromthe optical disk I ncludi ng the substrate

havi ng t hetd hieclodiapsablof td. Phemoblidadi ddskheisaed gy dlhengubst rored he sane
l'ight source 11 and the sane objective |lens for use when an infornmation
signal is havddeshif feappbdidednepens ther MsgRedolgerym ot e fhieptival di sk,

the difference (1.2 - 0.6 in the thickness.t. of .1 he suhstrate. of the
optical di isa “scéggeéeaelglﬁ)é‘?%l a ersr‘é'\pilﬁns‘flot%‘énéeﬁ;e‘?a eetdq%ﬁ?‘ﬁtghﬁ onal l'y.

Therefore, vaiue of the servo circuit. 6 when the objective lens 9 is
subjected to the focusing control, excellent information signais
can be obtained with the same objective lens 9. Therefore, the
optical pickup device 3 according to this embodiment does not
include a plurality of objective lenses and thus enables the
overall structure to be simplified to satisfactorily reproduce

optical disks including substrates having different thicknesses

t.

MTF curves obtained with the above-mentioned opticai
pickup dgvice 3 when the wavelength A and the pumerical aperture
NA are changed will now be described _with reference to .the
drawings. A MTF curve is, as shown in FIG. 10, obtained in a case
where the apticAI disk 1 including the substrate having the
thickness glof 1.2 mm is reproduced by an objective lens set such
that ‘the wavelength 1A of the light source 11 is 780 nm, the
numerical aperture NA is 0.45 and the thickness t of the subsﬁrate.
of the optical disk ig 1.2 mm. As can be understood from FIG. 10,
the MTF is not made to be zero in the spatial frequency region of

1100 cycle/mm. Thus, thé information signal can satisfactorily

be reproduced.



t he optical pickup device encounters a problemin that the |ight beans
cannot converge to one point on the focal plane and thus the dianeter of

t he beam spot is unintentionally enlarged, as showmn in FIG 3. In general,
when the beam spot dianeter is enlarged, the MIF (Mdul ati on Transfer .
Function) of an optical pickup device 14 indicating the performance for
reading an information signal considerably deteriorates. In this case,
the quality of the reproduced informati A signal deteriorates. However, if
the wavel ength [err] of the light beamis 700 nmor shorter, an MIF

enabl i ng an i nf fPRatdunyYesi ghtdinest b raems&ndh%‘prﬁwcwi@&h Béskbbt ai ned

froma beam spqot encount ered spher.ical erration by | ocat] .

i mage- forﬁ'ﬁ‘i'i“p ng Eﬁﬁcgugsb'éﬁée%“d'ﬁari? At ickRgEs s br ° ei’%ga% the

m ni mum Wﬁaalaesaaﬂy QR b iRQI mn§,seass§&rpwnat Neid GaveBengeNat st hat the
i mage-formation surface B | ocated between the paraxial inmage surface A and

t he khe lxght source 11 is 650 nm, the numerical aperture NA is 0.6
and the thickness t of the substrafe of the optical disk is.0.6
mm will noﬁ be described with reference to FIGS. 11, 12 and 13.
Note that the axis of ordinate shown in each of FIGS. 11 to 13

stands for MTF and axis of abscissa stands for the spatial

frequencies. Referring to FIGS. 11 to 13, continuous -lines

indicate MTF curves and dashed lines ;ndicate diffraction limit
stigmatic MTF.

The MTF curve of paraxial image surfaces A is, as shown in
FIG: 11, formed such that the MTF is made to be zero in a spatial
frequency region of 700 cycle/mm or higher. The MTF curve of

optimum MTF image surfaces B is, as shown in FIG. 12, formeg such

that the MTF is not made to be zero 'in a spatial frequency region
not lower than 1000 cycle/mm. Note that the position of the
optimum MTF image surface B is apart from 10 um'from the paraxial
image surface A. The MTF curve of minimum-wave—aberration image
surfaces C is, as-shown.in FIG. 13, formed such thgt the'MTF is
made to be zero in a spatial frequency region not lower than 450
cjcle/mm. No£e that the position of the minimum—-wave—-aberration
image surface C is apart from 23.75 pm from the paraxial imaéé

surface A.

Therefore, when the objective lens set such that the



m ni nrum wave- aberration i mage surface Cis hereinafter called an "optinum
MIF i mage surface B". The MIF on each i nage surface obtainable fromthe
optical pickup device 3 will now be described with reference to FIG 4 and
FIGS. 5 and 6. The axis of ordinate of the graphs shown in each of FIGS. 4
through 6 stands for the MIF, while the axis of abscissa stands for the
spatial frequencies. Conti nuous lines shown in FIGS. 4 to 6 indicate MIF
curves, while dashed lines indicate di2®raction limt stigmatic MIF. As can
be understood fromFIG 4, the MIF of the MIF curve of the optinmum MIF

i mage survwaned eBeth Aobfmaile ftdght seuxrcdukl tiwe %mngprémmmxacspat i al

frequency reqi on not t han 1000 cycl e/ n be understood from
the MIF cBPS/eYsf 'Meispgvgﬁ’%ﬂ theabid Wﬁcém ‘é’ﬁoﬁ\ﬁ"?ﬁf‘ﬂee‘ s BB MIF is

unsati sfa o] S a g | ower
than 800 qﬁ“‘*&‘?i%““&% SR RPN oL e e

m ni mum having the thxcknﬁss t of 1.2 mm, the overall deterioration of the
information sign&h is reduced. Sincé the signal wavgform does not
deteriorate excessively, deter;oratfon in the jitter jndicating
the reading perf;rmance can be prevented.

MTF curves obtained in a case where the optical disk 1
including the substrate having the -thickness t of 1.2 mm is
reproduced by an objective lens set such that the wavelength )l of
the light source 11 is 680 nm, the numerical aperture NA is 0.45 °
and the thickness t of the substrate of the optical disk ié 0.6
mm will now be described with reference to FIGS. 14, 15 and 16.
Note that the axis of ordinate shown in each of FIGS. 14 to 16
stands for MTF and axis of abscissa stands for the spakial
frequencies. Referring to FIGS. 14 to 16, continuous lines

indicate MTF curves and dashed lines indicate diffraction 1limit

stigmatic MTF.
The MTF curve of the paraxial image surfaces A is, as

shown in F1G. 14, formed such that the MTF is made to be zero in
a spatial frequency region not lower than 650 qyclelmm. The MTF
curve of the optimum MTF image surfaces B is,..as shown i; FIG: 15,
formed such that the MTF is not made to be zero in the spatial
frequency region not lower than 850 cycle/mm. Note that the

posit}on of the optimum MTF image surface B is apart from 10.5 pum



wave- aberration image surfaces C, the MIF is nade to be zero in a spatial
frequency region in the vicinity of 300 cycle/mm as shown in FIG 6. As
descri bed above, the MIF obtai nable fromthe optical pickup device 3 is
reduced as conpared with a case where no aberration takes place at any

position, as shown is 4, 5 and 6. That é , In a case where an information
signal is read and reproduced fromthe Etical disk 1 including the

substrate having the thickness t of 1.2 mm deterioration in the jitter

I ndi cati ng frbe theadargxipdr issgmnoe fean be ThetiFRt @driscoduge thin immwef or m of.
t he signal does not deterjorate considerably though the overall |evel of
t he i nf or mH2YBTPREFRALCR sinagfe FUTE 2285, Lelf ht B el 1 THip Levirmed i s

st uct ur ed SURN A NAYRENTPOR) LR pae CONULIdeEd B SEARNRI NBrbliincy

i mage-formation surface, the waveformo e information srgna

optical di segionlanst Nowedetigdr r1dioe cyd héefniif.or @ptéhenatftiienpbsobicd @Fal can
satisfactorily be read and reproduced. Therefore, the optical pickup
devi ce 3 i $hRorinicus-yeavetaberirahien timesebjunfiaceeC| bharest troad4pt &vme t o

optical disks ipcl udi ngﬁs bstrates having different thicknesses t or to use
hol ogr am or* *fle ﬁ’?_k‘?.“ f‘g iRpee surface A.

.Therefore. when the objective lens set such that the
.wavelength A of the light source 11 is 680 nm, the numerical
aperture NA'is 0.45 and the thickness“F of the substrate ié 0.6
mm is used to reQEGduce the optical disk 1'inc1uding the substrate
having the thickness t of 1.2 mm, the o;erall deterioration of the -
information signal is reduced. Since the signal waveform does not
deteriorate excessively, deterioration iﬁ the jitter indicating
the reading performance can be prevented. Finally,}ﬂT‘curves
obtained in a case where the. optical disk 1 including the
substrate having.the thickness t of ;.2 mm is reproduced by an
objective lens sét such that the wavelength A of thé light source
11 is 700 nm,'the_numerical aperture NA is 0.55 and the thickness
t of the substrate of the optical disk is 0.8 mm will now be
described ﬁith reference to FIGS. 17, 18 and 19. Néte that the
axis of ordinate shown in each of FIGS. 17 to 19 stands for MTF
and axis of abscissa stands for the spatial frequencies.
Referring to FIGQ. 17 to 18, continuous lines indicate MTF curves
and dashed lines'indféate,diffraction limit stigmatic MTF.

The MTF curve of the paraxial image surfaces A is, as



changi ng set values of the focus bias of the servo circuit 6 when the
objective lens 9 is subjected to the focusing control, a satisfactory

i nformati on signal can be obtained by using the sane objective lens. To
change the focus bias, a detection nmechani sm 16 may be enployed to
determ ne whether the optical disk | oaded into the reproducing apparatus is
an optical disk including the substrat ?aving the thickness of 1.2 mm or
an optical disk including the substrate having the thickness of 0.6 mMm In

pl ace of i etection ngpc i facussonirol . is ipitjal

per f or rred%\?‘\n"?ﬁ g't?égus i afs?rgangp%]%g\ gmfg ﬁﬁee%ggt f(;:a i §I? P%cﬁ%& )réa t he
substrat e aphbgal TeeférndiN@egibn Qfotl 18w8F I tHan The épcreymAg crid MTF cannot
be perforned, then the focus bias is switched to a val ue adaptable to the

optical digevened ddempinemdbimase svafrngs thdss Mishews im §1GO.1§.nm  An
1L sence AlaSTROT RS BES LR PR o . Sl SO T gLt o2
frequency region not lower than 1100 cycle/mm. Note that the
position of the optimum MTF image surface B is apart from 9 um
from the paraxial image surface A. The MTF curve of the minimum-
wave—aberration image surfaces C is; as shown in FIG. 18, formed
such that the MTF is not made to be zero in a spat§a1 frequency
region not lower than 350 cycle/mm. Note that the position of the
minimum-wave—-aberration image surface C is apart from 12.9 ym from

the paraxial image surface A.

Assuming that the operation distance of tﬁe objective lens .
9 with respect io the high density fecor&ing optical disk
including the substrate having the tﬁipkness t is W1 and the
refractive index of a transparent layer of the substrate of . the
optical disk is n, the operation distance W2 of the objective lens

9 with respect to the optical disk 1 including the substrate

having the thickness t of 1.2 mm is calculated by the following

equation:
W2 = WL - (1.2 - t)/n

In order to prevent movement of the objective lens 9 when

an information signai is read and reproduced from two types of

~



reference to the drawings. FIG 7 shows the shape of a beam spot of the
opti mum MIF i mage surface B fornmed when the optical disk 1 having.t = 1.2
mm has been reproduced by the objective lens 9 set to an optical disk
arranged such that the wavelength [err] is 532 nm the nunerical aperture
NA is 0.53 and the substrate thickness t_is 0.6 nm FIG 8 shows the shape
of a beam spot fornmed when the opti cal d3k 1 havi ng t = 1.2 mm has been
repr oduced dptichk diiskectespeciténelP beilutidnmrswiptireses dhiskingr bngadnsuch

t hat the | engt h rr]. is 532 nm the nuperical aperture NA is 0.53 and
the substr ot °Fﬂ19'c§<ﬁf¢[a§s 4“? Po5IEIAM I ‘Eﬁcﬁ‘%‘ﬂaﬁﬁéﬁpﬁaﬁ“ft‘ﬁé"@% ith&l  di sk

i s inclinechipn Adbodaghg Rhslli§dgei 12RO 1A ik [ ﬁé@r

i nfl uence of inclinati gn of‘; tﬁe F]oﬁtcrg?l glﬁ} tha#clﬁise, the |a§1pl'§1£e1ﬁ€§ of the

comati ¢ abetheathbekmeasut risgequiréd ta0be addtedmined % ol beKarde@ s £6)f L HeOt

excessively deteriorate the shape of the beamspot. FIG 9 shows an MIF

curve of Opﬂmh Wesdipggsusfirqecef the optical disk 1 including the
substrate having the thickness t of 1.2 mm for a distance obtaix;ed

by adding a distance calculated by the follo'o.wing formula:

(1.2 - t)/n

Although the optical pickup device according to the
present invention has beer{ described such that it is applied to
the optical disk reproducing apparatus, the present iﬂvention can
be applied to an optical pickup device t:ar use in an optical disk
recording and reprodu’éing apparatus for recording and reproducing
data to and from, for example, a magneto—optical disk. The
optical disk to be reproduced~ by the optical 'pickup devic.e
according to the present.invention is not limited to the single
" layer optical disk. As a matter of course, for example, a multi-
layer optical disk may be employed which has a plur.ality of
information signal layers such th-at. the information signal léyers
are formed at a position apart from the signal reading surface for

a distance of 1 mm or shorter.
As described above, the optical pickup device according to

. the present invention has a light source for emitting light beams,



realized when the optical disk 1 having t = 1.2 mm has been reproduced by
the objective lens 9 set to an optical disk arranged such that the

wavel ength [err] is 532 nm the nunerical aperture NA is 0.53 and the
substrate thickness t is 0.6 mmin such a manner that the optical disk is
inclined by an angle of 1[err]. Since thg optical pickup device 3 does not
encounter considerable deterioration in the MIF and excessive PTF (Phase
Transfer EHNOE]<R)iveCEEhs IS idge miR1ddle HRFRhE SomDAmAltnaN 1 CANS &ftaf OM di sk
skew as shown in FIG 9, deterioration of the quality of the information

si gnal cahasat wfvedeogthyndte jpn@eenteen 700Tinas, theenwheniced| spertomecan be
w dened. As geigri beg above, the opti QaL %icku devi ce, 3 according to this
enbodi mentShds*? h8FoBPEEET vaNf o fleg thirkness, thenfitRitRats: o4 dherraction
limt |igRtebeam rH?ngbL@hﬂ:i Y4 tlb VY aGlike® ThBh MMl QRS _eéorfér g beam
spot can be realized on st ghal recording surface of an optica di'sk

Wi t hout gewrenstfioancortmilaihgt thé idige fadfngheuefdde ofutmes ildght o ure NA
is 0.53, the wavelength [err] of the light beamis 532 nmand the thickness
t of the d@bde asifioppd bptveen d&hek przapiegd pimagmosyrfdcserand cihecuit 6

For contr Qlihli Bgn iR TBIS LR i h2le SHIHFASE Ged NG ihEDEnASAT signar

is reproduced from_ an optical .Eecording_ medium including a
substrate having a thickness larger than 1 mm. Therefore,
information signal can satisfactorily be reproduced from two types
of optical disks respectively including substrates having

different thicknesses.



to be positioned between the paraxial inmage surface. A and- the
m ni mum wave- aberration i mage surface C when the optical disk I ncl udi ng
the substrate having the thickness t of 1.2 mmis reﬁroduced Thus, the

necessity of changing the objective lens to be adﬁim lwﬂ mmm; ,mts: (rzlgl

di sks including the substrates having different t
hol ogram for the objective | ens can be &Pimi nated. By S|npl swi t'chi ng t he
set focusWhatsisvallaémed itshe servo circuit. 6 when the objective lens 9 is
subjected to the focusing control, excellent information signals can be
obtained with the sane objective Iens 9 Therefore t he optical pickup
device 3 gccording od| ra of
objectlve(’i Ienseg‘a%§ %ﬂu éﬂb e overa %tkggtc€d¥§ﬁ$kgbe$%$%%l|f|ed

to sat|sfa@haraﬁghﬂuepaodbmxg(HuwaQL 8t Sképrioduk Ul NQt SLEAS ah espted1ng
different thicknesses t. MIF curves obtained with the above:nenti oned

opti cal pirerepdins medivn womsishéngeofelec sybst fater hayhne thethickpess lf
aper ture

1.2 om and an optical recording medium having a substrate having
& thickness of 1.0 mm or smaller, .said apparatﬁs comprising:

a light source for emitting a light beam, said liéht
source being arranged to emit the light beam having a wavelength
of 700 nm or shorter;

an objective lens for converging tﬂe light beam emitted
from said light source through the substrate of the optical

recording medjum, said objective lens having a numerical aperture

of 0.45 or larger; and

*

control means for controlling & surface on'which the light
beams are focused by said objective lens to be positioned between
& paraxial iﬁage surface and a minimum-wave—aberration image
surface when the optical recording medium having the substrate
having the thickness of 1.0 mm or smaller is reproduced.
2. A reproducing apparatus of an optical recording me@ium
according to cleim 1, wherein said control means comprises a focus
control portion for controlling said obﬁecpive lens in & direction
running parallel to the bptical axis of said objective lens, and

the surface 6n which the light beams are focused by said objective



NA are changed will now be described with reference to the draw ngs A MIF
curve is, as shown in FIG 10, obtained in a case \‘ disk 1
i ncluding the substrate having the thickness t of M‘Em‘““‘“m uced by

an objective | ens set such that the wavel ength [errs| eof the'li*ght source 11

is 780 nm the nunerical aperture NAis 0.45 and the thickness t of the

substrate of the optical disk is 1.2 nd® As can be understood from FIG 10,
the MIF i éeﬁﬁt ignBaesitiogpedz bebween t the sprameixdplf rieqaeneyrive*ga dﬁdof-hiloo
cycl e/ mm he L nformation n can fact r repr.oduced.
19 MIF cufn\%es tﬁl"nedbﬁrr{aaqg'as’em eg @% |caﬁ tl(} |nc dﬁgﬁ t he

subst rat emlaavwghahﬁng hirek nRB8 ¢ ko 04 ﬂa\&nlgmma &ﬁpeﬁm%@m @ mADjo@Ct i ve
| ens set such that the wavelength [err] of the light source 11 is 650 nm

t he nunerisgallepeis urecodedsatd o ameproducéed chnessid fafcushng sedstinodt e of

the opti cal disk iIs 0.6 mmw Il now be described with reference to FIGS.
11, 12 and®°file

3. A reproducing apﬁaratus of an optical recording medium
according to claim 2, wherein said control mans changes a bias
value of said focusing control means to position the surface on
which the light beams are focused by said ocbjective lens between

the paraxial image surface and the minimum-wave-aberration image

surface.

4. A reproducing apparatus of an optical recording medium

according to claim 1, wherein assuming éhat the chickness qf an
optical recording medium including a substrate having a thickness
of 1.0 mm or smaller is t and the refractive index of the
substrate is n, and when éhe optical recording medium including
the substqate_having tﬁe thickneas of 1.0 mm or smaller is
reproduced, said objective lens is, for a distance expressed by
the following formula, disposed .more apart from the substrate of
the optical recording medium when an optical recording medium

including.a substrate having a thickness of 1.2 mm is reproduced:

(1.2 ~ t)/n.



Note that the axis of ordinate shown in each of FIGS. 11 to 13 stands for
MIF and axi s of abscissa stands for the spatial frequencies. Referring

to FIGS. 11 to 13, continuous lines indicate Wgnmgmalﬂm‘mmreﬁnglgges
t

i ndi cate diffraction limt stignatic MIF. The MIF |
surfaces Ais, as shown in FIG 11, forned such tha etMIE i & nhde to be

zero in a spatial frequency region of 7097cycl e/ mm or higher. The MIF
curve of optinmum MIF i mage surfaces Bis, as shown in FIG 12, formed such
that the MIF is nét rentdedudinge approatns oot pat | @t fdedqueroydingi medinat | ower
t han 1000 cycl e/ /ym lgl?te t hat, the position of the optinum MF i mage
surface B f‘gc?ﬁ) M8 fPoftabR [Tor MPAFELBNATEHPIBE SR thedddckpesmcf AN The

MIF curve gfeidalill PREBMEUE- ARALEAE ;01pg f | s.shown in FIG
13, forned éuc#’that theENrI'F iugn ?rﬂé edtlggbg s;&ei{sgqﬁgga&s%éﬁ %1 tﬁ%%q"tfesr?cy

regi on not of ol mishan s leychse/ tmtHsorestbetivien@npesiéf YheOkubbrate
m ni nrum wave- aberration i mage surface Cis apart from23.75 [err]mfromthe
paraxi al i fEge and fhe distpreecfram sajifdenbient ot dens veo |tdres substmateh t hat

the of the optical recording medium.including the substrate having the
thickness of 1.00 mm or smaller when the optical recording medium
including the substrate having the thickness of 1.0 mm or smaller
is reproduced is Wi, distance W2 from said objective lens to the
substrate of the optical recording medium including the substrate
having the thickness of 1.2 mm when the optical recording medium
including the substrate having the thickness of 1.2 mm is

reproduced is expressed as follows:

W2 = WL - (1.2 -~ t)/n. !

6. A reproducing apparatus of an optical recording medium

according to claim 1, wherein the wavelength of light beams
emitted from said light source is not shorter than 530 nm nor
longer than 700 nm.

7. A reproducing apparatus of an optical recording medium
according to claim 1, wherein the numerical aperture of said

objective lens is not smaller than 0.45 nor more than 0.6.

8. An optical pickup device, said device being used to read

B
ae



20 wavel ength [err] of the light source 11 is 650 nm the nunerical
aperture NAis 0.6 and the thickness t of the substrate is 0.6 mmis used
to reproduce the optical disk 1-including the su

|
‘thickness t of 1.2 mm the overall deterior ationja “ﬂﬂmmmlwmgn si gnal
I's reduced. Since the signal waveform does not deterdonat# eXcessively,
deterioration in the jitter indicating 5ge readi ng performance can be
prevented. MIF curves obtained in a case where the optical disk 1 including

the substrate having the thickness t of 1.2 mmis reproduced by an

obj ectivegtengaget talChybbal okh@piaygl ergtbrd fig Inddivnae desglbe seuayce 11 is
680 nm the nunerical aperture Is 0.45 and the thickness t of the
subst r at e inéludiagopt swtadt rei s khaving. 6 thickmeéss odwl be ndesodi Heatbat t4te
reference to FIGS. 14, 15 and 16. Note that the axis of ordinate, shown in
each of FPaYing s thickness ods 1r §rmumr SAAIAST s T R He8i SR £LOMPEAFL E0or t he
spatial frequencies: f i ’ . 6, At i I nes
i ndi cate MIF curva'eili %%%g’gghédn% 'ﬁ}é’gtﬁnn | (’fé%%é(ﬁe?*nr;écsﬁi?ﬁlflé}?#%%rm!’

being arrangéd to emit the lighti beamS having a wavelength of 700

nm or shorter; and

an objective lens for converging the light beams emitted
from said light source through the substrate of the optical
recording medium, said oquctivé lens having a numerical aperture
of 0.45 or larger, wherein

control is performed such that a surface on which the
light beams are focused by said objective lens is-positioned
between a paraxial image surface gnd a *minimum-wave—-aberration
image surface when data is recorded and/or reproduced to gnd from

the optical recording medium including the substrate having the

thickness of 1.0 mm or smaller.

9. An optical pickup device according to claim 8, wherein the

wavelength of light beams emitted from said light source is not

shorter than 530 nm nor longer than 700 nm.

10. An optical pickup device according to claim 8, wherein the

numerical aperture of said objective lens is not smaller than 0.45

nor more than 0.6.



stigmatic MIF. The MIF curve of the paraxial image surfaces Ais, as shown
in FIG 14, fornmed such that the MIF is made to be zero in a spati al
frequency region not |ower than 650 cycle/mm The MIF curve of the optinmm
MIF i mage surfaces Bis, as shown in FIG 15. forned such that the MIF is
not made to be zero in the spatial frequency region not |ower than 950

cycl e/ mm Note that the position of tR& opti mum MIF i mage surface B is

apart from10.5 [err] moprgdaf OB RV E And BIRoDUdRE A The MIF
curve of the minimm vgsex g &p Y1 1E@ae ﬁﬁdmoagﬁ
16, '

gM@S shown in FIG
f.or med Mat the MIF is, not nade to be zero in a spatial frequency
regi on not han 1100 cycle/mm Note that the position of the

mi ni mum wave- aber r gt i-eprddRIRgSEhdAEL s 0T WRdpthER 5" Ll ,om the
par axi al i mage surfaceﬂrA. Thergef%ée, vt\'/hen t he (?t'ﬁj ect Pvég?%n‘gsﬁgetmga'é'ﬁ t hat

the wavel erghtel] disr jcaphblécof | glprauing Al 1eaSB0twen tiged ifMegtgdhl
recording mediums including an optical recording medium, such as
a sowcalled compact disk composed of a substrate having a
thiqknes; of 1.2 mm and an optical recording medium_composed of
a substrate having.a. thickness. of 1.0 mm or smaller. The

apparatus has a light source, an objective lens and a control

portion. The light source emits light beams having .a wavelength

of 700 nm or shorter. The objective lens condenses the light

beams e_mi_.tted from the light source through the substrate of the

optical recording medium. The objective lens has a numerical

aperture of 0.45 or greater. The control portion controls the

surface on which the light beams are focused by the objéctive lens
to be positioned bet‘ween t_he paraxial image surface and the
minimum—qav_e-a.berra.tio'n image surface when data is recbrdéd and/or
.reprod.uced to and from the optica.i recording medium composed of

the substrate having a thickness of 1.0 mm-or smaller.

'Figure 2



. . i
aperture NA is 0.45 and the thickness t of the substrate is 0.6 nmis used
to reproduce the optical disk 1 including the substrate having the
thickness t of 1.2 mm the overall deterioration of the information signal
is reduced. Since the signal waveform does not deteriorate excessively,
deterioration in the jitter indicating the readi ng performance can be
prevent ed. Finally, MIF curves obtained in a case where the
optical disk 1 including the substrate having the thickness t of 1.2 mm
is reproduced by an objective |lens set 1ddéh that the wavel ength [err] of
the light source 11 is 700 nm, the nunerical aperture NAis 0.55 and the
thickness t of the substrate of the optical disk is 0.8 nmmw Il now be
described with reference to FIGS. 17, 18 and 19. Note that the axis of
ordi nate shown in each of FIGS. 17 to 19 stands for MIF and axis of

absci ssa stands for the spatial frequencies. Referring to FIGS. 17 to 19,
continuous lines indicate MIF curves and dashed lines indicate diffraction
limt stigmatic MIF. The MIF curve ?f the paraxial image surfaces Ais, as
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22 shown in FIG 17, formed such that the MIF is nade to be zero in a
spatial frequency region not |ower than 700 cycle/mm The MIF curve of the
opti mum MIF i mage surfaces Bis, as shown in FIG 18, formed such that the
MIF is not nade to be zero in the spatial frequency region not |ower than
1100 cycl e/ mm Note that the position of the optinmm MIF i mage surface B
is apart from9 [err]mfromthe paraxial imge surface A The MIF curve of
the m ni num wave-aberration i nage surfaces Cis, as shown in FIG 19,
formed such that the MIF is not nade tozgqlzero in a spatial frequency
region not | ower than 350 cycle/mm Note’'that the position of the

m ni mum wave- aberration imge surface Cis apart from12.9 [err]mfromthe
paraxi al i mage surface A. Assum ng that the operation distance of the
objective lens 9 with respect to the high density recording optical
di sk including the substrate having the thickness t is W and the
refractive index of a transparent |ayer of the substrate of.the optical
disk is n, the operatlfggf:stance W2 of the jobjective lens 9 with respect

to the optical disk.l_ingluding thge substratie having the thickness t of 1.2
mmis cal cul ated by the [ol'Tow ng )
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equation: W2 = W - (1.2 - t)/n In order to prevent novenent of the

obj ective lens 9 when an information signal is read and reproduced fromtwo
t ypes of 23 optical disks respectively including substrates having
different thicknesses t, the position of the signal reading surface of the
hi gh recording density optical disk including the substrate having the
thickness t is required to be determned to be apart fromthe signal
readi ng surface of the optical disk 1 including the substrate having the
thickness t of 1.2 nmfor a distance obtdilled by addi ng a di stance
calculated by the followng formula: (1.2 - t)/n A though the optical

pi ckup device according to the present invention has been described such
that it is applied to the optical disk reproduci ng apparatus, the present
invention can be applied to an optical pickup device for use in an opti cal
di sk

A (PROXIAL
IMAGE SURFACE)

B (OPTIMUM MTF
IMAGE SURFACE)

C (MINIMUM WAVE
ABERRATION
IMAGE SURFACE)

FIG.3



recordi ng and reproduci ng apparatus for recording and reproducing data to
and from for exanple, a magneto-optical disk. The optical disk to be
reproduced by the optical pickup device according to the present invention
is not limted to the single |ayer optical disk. As a matter of course, for
exanple, a multi- layer optical disk may be enployed which has a plurality
of information signal |ayers such that the information signal |ayers are
fornmed at a position apart fromthe sigriail¥eading surface for a distance
of 1 mmor shorter. As described above, the optical pickup device according
to the present invention has a |ight source for emtting |ight beans, 24
an objective |ens hgx;ng m ni mum aberrati on when the |ight beam has a

wavel engt h not | ong han 700 nm the nunerical aperture is 0.45 or |arger
and the thickness of-%M\e 3upstrate of the optical recording nediumis not

| arger than 1 nm ap@gicpntrol~geans for controlling the i mage form ng
surface of the Iighb_f_e m RN

mTF 96
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WHEN OPTICAL DISK ARRANGED HAVING t = 1.2 mm
IS REPRODUCED BY OBJECTIVE LENS SET SUCH THAT
A =532 nm, NA =0.53 AND t = 0.6 mm
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to be positioned between the paraxial inmage surface and the

m ni mum wave- aberration i mage surface when an information signal is
reproduced froman optical recording nediumincluding a substrate having a
t hi ckness larger than 1 mm Therefore, information signal can
satisfactorily be reproduced fromtwo types of optical disks respectively

i ncl udi ng substrates having different thicknesses. What is clained is:
1. A reproduci ng apparatus of an ogt'ﬁal recordi ng nmedi um said
appar at us bei ng capallge of reproducing {1teast an optical recording medi um

consi sting of a substr

e~having a thickness of 1.2 nmand an opti cal
recordi ng nedi um havion(’g"

substrate havi ng a thickness of 1.0 nmm or

smal | er, said appar a0t ¢onpri ‘si~ng: a light source for emtting a |ight
beam said |ight soumcer Being arranged to enit the |ight beam having a
wavel engt h of 700 nmqag| shorter; an objective lens for converging the |ight

beam eni tted MTF ~
0.5 B \\\
0.4} ey
0.3} T~eo
0.2} )
0.1}
100 300 500 700 900 1100 1300

SPATIAL FREQUENCIES (cycle/mm)

MTF CURVE OF MINIMUM WAVE ABERRATION IMAGE
SURFACES WHEN OPTICAL DISK HAVING t = 1.2 mm
IS REPRODUCED BY OBJECTIVE LENS SET SUCH
THAT A = 632 nm, NA = 0.53 AND t = 0.6 mm

FIG.6 .
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fromsaid |ight source through the substrate of the optical recording

medi um said objective I ens having a nunerical aperture of 0.45 or |arger;
and control neans for controlling a surface on which the |ight beans are
focused by said objective lens to be positioned between a paraxial inmge
surface and a m ni num wave- aberration i mage surface when the optica

recordi ng medi um havi ng the substrate @ ing the thickness of 1.0 mm or
smal ler is reproduced. 2. A [eprgdug|ng apparatus of an optical
recordi ng nmedi um accordimpg to claim1l1l, wherein said contfrol neans conprises

a focus control portion for controlling said objective llens in a direction
running parallel to the ¢ptical axis of said objective liens, and the
surface on which the |ight beans are focused by said objlective 26 | ens
is positioned between the¢ paraxial imge surface and the
m ni nrum wave- aberrati on ijmage surface when the optical rgecordi ng nmedi um
havi ng the substrate havilng the thickness of 1.0 mm or

e

0.002455mm

[ |

BEAM SPOT FORMED WHEN OPTICAL DISK
HAVING t = 1.2 mm IS REPRODUCED BY
OBJECTIVE LENS SET SUCH THAT
A =532 nm, NA =0.53 AND t= 0.6 mm IN A STATE
WHERE THE OPTICAL DISK IS INCLINED BY 1°
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smaller is recorded and/or reproduced by said focusing control portion. 3.
A reproduci ng apparatus of an optical recordi ng nedium according to claim
2, wherein said control mans changes a bias value of said focusing contro
means to position the surface on which the Iight beans are focused by said
obj ective | ens between the paraxial imge surface and the

m ni mum wave- aberration i mage surface. 4. A reproduci ng apparatus of
an optical recording medium according to;Ghaim1, wherein assumng that the
t hi ckness of an optical recording nmediumincluding a substrate having a

t hi ckness of 1.0 mnmor snmaller is t and the refractive index of the
substrate is n, and ypan the optical recording nedi umincluding the
substrate having the #ﬁ} kness of 1.0 mmor snaller is reproduced, said
objective lens is, f 82 Wist ance expressed by the follow ng formnul a,

di sposed nore apart P8gm t h&\substrate of the optical recording medi um when
an optical recordingo/madi umingl uding a substrate having a thickness of 1.2
nmis reproduce(ljv:”é 19 t)/n.
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27 5. A reproduci ng apparatus of an optical recording nedi um accordi ng
to claiml1, wherein assum ng that the thickness of an optical recording
medi um i ncl udi ng a substrate having a thickness of 1.0 nmor snaller is t,
the refractive index of the substrate is n, and the distance fromsaid
objective lens to the substrate of the optical recording nmedi umincl uding
the substrate having the thickness of 1.00 mmor snaller when the optical
recordi ng medi umincluding the substrate having the thickness of 1.0 nm or

smal ler is reproduced is W, distance W { om said objective lens to the
substrate of the optical recording medi U cluding t he substrate having
the thickness of 1.3%, when the optical recording nmediumincluding the
substrate having h@ﬁ_ thjickness of 1.2 mm is reproduced is expressed
as follows: W = 1.2 =~3)/n. 6. A reproduci ng apparatus of an

optical recording nﬂér accordhng to claim1, wherein the wavel ength of
| i ght beans emittedOffffoin said |ight. ~source is not shorter than 530 nm nor
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| onger than 700 nm 7. A reproduci ng apparatus of an optical recording
medi um according to claim1l, wherein the nunerical aperture of said
objective lens is not smaller than 0.45 nor nore than 0.6. 8. An
optical pickup device, said device being used to read 28 at least two
types of optical recording nediuns respectively including a substrate
having a thickness of 1.2 mmand a substrate having a thickness of 1.0 mm
or smaller. said device conprising: a light source for emtting |ight
beans, said |light source being arranged to emt the |ight beans having a
mavelength of 700 nn1or shorter; and an9dbjective |l ens for converging the
| i ght beans emnitted}d sai d Ilght source through the substrate of the
optical recordi ng medi WF\SaId obj ective | ens having a numerical aperture

of 0.45 or larger, yhgrein Bontrol is perforned such that a surface on
whi ch the 0.7
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| i ght beans are focused by said objective lens is positioned between a
paraxial inmage surface and a m ni num wave-aberrati on i mage surface when
data is recorded and/or reproduced to and fromthe optical recordi ng nmedi um
i ncluding the substrate having the thickness of 1.0 nmor smaller. 9.
An optical pickup device according to claim8, wherein the wavel ength of
i ght beans emtted fromsaid |ight source is not shorter than 530 nm nor
| onger than 700 nm 10. An optical pickup device according to claim 8,
wherein the numerical aperture of said algmgtive lens is not snaller than
0.45 nor nore than 01.8, .
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