TITLE OF THE INVENTION-
OPTICAL PICKUP DEVICE AND REPRODUCING

APPARATUS OF OPTICAL RECORDING MEDIUM

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 use 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
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thickness of 1.2 mm of -the substfate of the conventional optical
disk in order to enlarge an allowable érror (hereinafter called
“tolerance") against deterioration of the information signal.
occurring 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



for use in a high recording density operation and composed of the
substrate having the thickness of 0.6 mm, and a second objective
lens composed of the substrate having the thickness of 1.2 mm.
Thus, either of the two objective lensés is switched to be
adaptable to the objective lens from which information signals
are attempted to be read and reproduged 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 pigkup 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 object 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.



According to the present invention, there is provided a
reproducing apparatus of an optical recording medium. The
reproducing apparatus reproduces 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.
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 eﬁits 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 cobjective lens has a numerical aperture
of 0.45 or greater. When data is recorded and/or reproduced to

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
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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. 6 is a graph showing an MTF curve of minimum-wave-

aberration image surfaces realized when fthe 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 diagram 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 1= 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. ¢ 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 optical 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;
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FIG. 11 is a graph showing an MTF curve of paraxial 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= 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 MTF curve of paraxial image
surfaces realized 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
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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;

FIG.: 18 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 substrate having a thickness t of 6.6 mm.

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



light source 11, such hs a laser diode, for emitting a light beam,
an objective lens 9 capable of forming a beam spot on an
information signal layer of two types of optical disks by applying
a light beam to the information signal 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 9, for example, approaches the

information signal layer of the optical disk 1 and moves away from
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the same, so that focus control is performed. Moreover, a low
frequency region of tﬁe tracking error signal is extracted to
generate a thread.drive signal with which a thread mechanism is
operated in order to move the overall body of the optical pickup
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 information signal layer serving as a signal recording
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surface. The objective lens 9 is subjected to the tracking
control process and the focusing control process by the actuator
10 to condense light beam above to the information signal layer
of the optical disk 1 so as to form three spots. Three reflected
beams f;om the information signal layer of the optical disk 1 are
allowed to pass through the objecﬁive lens 9 and the ‘beam splitter
13, and then caused to reach the light receiving surface of the

photo 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



12
smaller and the wavelength i1 of the light beam emitted from the

light source 11 is 700 nm or shorter. That is, the objective lens
'9 according to this embodiment is structured such that a
diffraction limit light beam, with which a minimum diameter of a
beam spot can DPe 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
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tolerance is enlarged in inverse proportion to the thickness t of
the substrate of the optical disk,.the tolerance can be improved
two times bigger than that of the optical disk 1 including the
substrate having the thickness t of 1.2 mm when the thickness of
the substrate of the optiéal 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 §o be generated unintentionally. Therefore,
the optical picﬁup deiice ;ncounters 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.Tranéfer Function) of an optical pickup device ~

«
B
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indicating the performance for reading an information signal
considerably deterior#tes. In this case, the quality of the
reproduced information signal deteriorates.

However; if the wavelength A of the light beam is 700 nm
or shorter, an MTF enabling an information signal to be read and
reproduced can be obtained from a beam spot encountered spherical
aberration by locating image—formation surface B between a

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

point C, as shown in FIG. 3. Note 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
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cycle/mm. As can be understood from the .MTF curve of the minimum-
wave—aberration image surfaces C, the MTF is made to be zero in
a spatial frequency region in the vicinity of 300 cycle/mm, as
shown in FIG. 6.

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
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may be employed to dete?mine whether the optical disk loaded into
the reproducing apparatus _is an optical disk including the
substrate having the thickness of 1.2 mm or an optical disk
including the substrate having the thickness of 0.6 mm. In place
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 been 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
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disk skew does not excessively deteriorate the shape of the beam

spot.

F1G. 9 shows an MTF curve of optimum MTF image surfaces

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 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 Transfer

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 controlling the image-formation surface of the light beam

to be positioned between the paraxial image surface A and the

minimum-wave—aberration image surface C when the optical disk
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including the substrate having the thickness t of 1.2 mm is

reproduced. Thus, the necessity of changing the objective lens
to be adaptable to the optical disks including the substrates

having different thicknesses t or using hologram for the objective

lens can be eliminated. By simply switching the set focus bias
value of the servo circuit. 6 when the objective lens 9 is

subjected to the focusing control, excellent information signals

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 optical
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 optical 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 is 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.
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MTF curves obtgined 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 1 of
khe liéht 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
étands 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
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wavelength 1 of the }igh; source 11 is 650 nm, the numerical
aperture NA is 0.6 and the thickness t of the substrate is 0.6 mm
is used to reproduce'the optic;l disk 1 including the substrate
having the thicknfss 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 {; made to be zefo 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
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from the paraxial image surface A. The MTF curve.of the minimum-—
wave—aberration image surfaces C is, as shown in FIG, 16, formed
such that the MTF is not made to be zero in a spati@i frequency
region not lower than 1100 cycle/mm. Note that the po;ition of
the minimum-wave-aberration image surface C is apart from 12.5 pm

from the paraxial image 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
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shown in FIG. 17, formed'such that the MTF is made to be zero in
a spatial frequency region not lower than 700 cycle/mm. The MTF
curve of the optimum MTF image surfaces B is, as shown in FIG. 18,
forﬁed such that the MTF is not made to be zero in the spatial
frequency region not lower than 1100 c&cle/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

~
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optical ciisks respectively including substrates having different

thicknesses t, the position of the signal reading surface of the
high recording density optical disk including the substrate having
the thickness t is required to be determined to be apart from the

signal reading surface of the optical disk 1 including the

substrate having the thickness t of 1.2 mm for a distance obtained

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
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,
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an objective lens having minimum aberration when the light beam
has a wavelength not lpnger fhan 700 am, the qumerical aperture
is 0.45 or larger and the Ehickness of the substrate of the
optical recording medium is not larger than 1 mm, and control
means for controlling thé ima&e forming surface of the light beam
to be positioned between the peraxial image surface and the
minimum-wave-aberration imagé surface when an information signal
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.
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What is claimed is:

1. A reproducing apparatus of an optical recording medium,

said apparatus beiné capable of reproducing at legst an optical
recording medium consisting of a substrate having a thickness of
1.2 mm 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 the 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

g



A O

lens is positioned between the paraxial image surface and the
minimum-wave—aberration image surface when the optical recording
medium having the substrate having the thickness of 1.0 mm or

smaller is recorded and/or reproduced by said focusing control

portion.

3. A reproducing apparatus 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 objective 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 that the thickness 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 thickne#s of 1.0 mm or smaller is
reproduced, said objective lens_is, for a distance expressed by
ihe following formula, disposed.more";part“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.
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5.

A reproducing apparatus of an optical recording medfum
according to claim 1, wherein assuming that the thickness of an
6ptic§1 recording medium including a substrate having a thickness
of 1.0 mm or smaller is t, the refractive index of the substrate
ts n, and the distance from said objective lens to.the substrate
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 td claim 1, wherein the wavelength of 1light 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

o

ae
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af least two types of optical recording mediums respectively
including a substrate having a thiékness of 1.2 mm and a substrate
having a thickness of 1.0 mm or smaller, said device comprising:

a light source for emitting light beams, said light source
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-posi@ioned
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.



