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OPTICAL DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to an optical device for
use in receiving and detecting returned light reflected on an

optical recording medium such as an'optical disk or a

magnetooptical disk at its portion irradiated with light from a
light-emitting portion.

He#etofore, in optical devices such as an optical disk
drive for a compact disc (CD) or aﬁ optical pickup for a .
magnetooptical disk drive, optical cdmponents such as a grating
or a beam'splitter are'fabricated individually, and henée the
bptical device becomes large and complicated_in-atranggment. .
Moreover, when such optical components are fabricated on a base

of optical device as hybrid chips, they have to be optically

positioned with extremely high alignment. accuracy.

FIG. 1 of the accompanying drawings schematically

shows a light path of incident light and a light path of
reflected light with respect to a reflection.poinf on a
lrecording mediug, e.g., optical disk. As shown in FIG. 1,
according to an bptical-pickup 70lnow commercially available,
incident light Lg convergea.by an objective lens 71 is
introduced into an o@tical recording medium, e.g;, éptical disk -
71 at its recording pit, whereat it is reflected and diffracted

to three beam spots of zeroth-order diffracted light, + first-

order diffracted light, and - first-order diffracted light,
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2
interfere with each other to change intensity of light of far

field pattern formed by the reflected-back light Lp returned

from the optical disk 72, and the optical pickﬁp 70 reproduces a
.signal recorded on the optical disk 72 by ﬁse of the change of
intensity of light. |

When a beam spot of light incident on the optical disk
is shifted from a ;rack or a pit, the + first-order diffracted
light and the - first-order diffracted light have a difference
of intensity produced therebetween to produce an asymmetric far
field patterns. A push-pull méthod, which is one of well-known
tracking servo methods, uses the above phenomenon, generates
signals corresponding to the asymmetric far field patterns by
fwo detectors A and B, and-detects an offset of'a beam séot by
calculatin§ these signals by a calculator (not shown).

FIG. .2 schematically shows an example of an optical
pickup. As shown in FIG. 2, an optical pickup 91 comprises a
semiconductor laser 92, a collimator lens 93, a grating 94, a
polafiziﬁg beam splitter 95, a quarter-wave plate 96, a focusing
lens 97, a cylindrical lens.98, and a light-receiving element 99
composed of a-photodiode (PD). .Laser beam I. emitted from the
semiconductor laser 92 is traveled through the collimatbr.iens
93, the grating 94, the polarizing beam splitter 95, the
quarter-wave plate 96, and the focusing lens 97 and irradiated
on an optical lens 100. Returned light reflected on the optical
disk 100 is reflected by the polarizing beam splitter'95,.and
received by the light-receiving element 99.through the

cylindrical lens 98.
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When the opticai device detects the tracking servo
signal based on the push-pull method, optical components have to
be«assembled with high positional accuracy, and a margin against

the lateral movement of lens or radial skew of optical disk is

reduced.

In the optlcal pickup, optlcal components are
fabricated 1nd1v1dually, and sizes of optical components are
large, requiring high alignment accuracy.

ﬁhen light is returned to a light-emitting portion and
returned light is detected, light has to be divided by a beam
splitter or a hologram, and therefore an amount of light
received at a light—receiving portion is decreased.

SUMMARY OF THE INVEN'i‘ION

In view of the aforesaid aspect, it is an object of
the present invention to provide an optical device, such as an
optical pickup,.in which the number of assemblies can be

reduced, and alignment required to adjust optical components of

‘the optical device for proper interrelationship can be

simplified.

It is another object of the present invention to
prov1de an optical device which can be simplified and
mlnlaturlzed in arrangement.

It is still another object of the present invention to

provide an optical device which can be manufactured with ease.

It is a further object of the present invention to

provide an optical device which can reduce a power consumption

by increasing a ratio of light returned to a light-receiving




portion.

It is still a further object of the present invention
to provide an optical device in which a signal can be reliably
detected by'a push-pull method with highly—accuraie alignment,

' thus enabling a stable tracking servo to be carried out.

| Accqrding to an aspect of the present invention, there
is provided an optical device whiéh is comprised of a light-
émitﬁing’portion, a converging means, and a 1ight—recei§ing
portion, wherein 1ight.emitted'frog the light-emitting portion
is converged and irradiated by the converging means on an
irrédiated portion and returned light from the irradiated
portion is converged by the converging means, tpe light-~ |
receiving portion is disposed near a confocal of the converging
means with respect to the returned light from the ifradiating
meén$, light emitted from the light-emitting portion is passed
through a light path of the same axis and received by the light-
receiving portion before and after it is reflected on the
irradiated portion, and tﬁe light-receiving portion detects a
signal based on a push-puli method.

According to another aspéct of the present invention,
there is provided an optical device which is comprised of a
lighﬁ—emitting'portion composed of a horizontal resonator type
laser, and a reflection portion disposed in confronting oné exit
end face of the laser, and.a light-receiving portion formed on
the reflection portion, wherein the light-receiving portion is
disposed near a-confocal.position of returned light from the

‘laser, and the light-receiving portion detects a signal based on
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a push-pull method.

In accordance with the above arrangement, when the

light-receiving portion detects a signal by the push-pull

method, light incident on the irradiated portion, i.e., the
pogition which the light emitted from the light-emitting portion
irradiatés the irradiated portion can be detected.
BRIEF DESCRIPTIdN OF THE DRAWINGS

FIG. 1 is a schematic diagram showing reflection and

diffraction of light in an optical pickup system;
| FIG. 2 is a schematic diagram showing an optical

system of an optical pickup;

FIG. 3 is a schematic diagram showing reflection and
diffraction of light in an dptical pickup system according to
the present invention;

FIGS. 4A and 4B are schematic diagrams showing

':elationship between irradiated position of beam spot on the

oétical disk and a distribution of reflected and diffracted
light;
| FIG. 4C is.a graph showing relationship between the

position of the center of irradiated beam spot and the output
power difference of the light-receiving portion;

FIG. 5 is a schematic diagram showing light refiected
and diffracted on the optical disk;

FIG. 6 is a schematic perspective view showing an
thicalldevice according to an embodiment of the present
invention;

FIG. 7 is a graph showing relationship between offset




of lens position and offset amount of tracing servo signal;

FIG. 8 is a graph showing relationship between disk
skew and_offset amount of tracking servo sighal; and

FIG. 9 is a schematic perspective view showing an
optical device according to another embodiment of the present
invénfion. |

DETAILED DESCRIPTION‘OF THE PREFERRED EMBODIMENTS
" Prior to describing an optical device according to the

present invention, a manner in which a tracking servo signal is
"detected by an optical system, i.e., a confocal optical system
used when the optical device according to the present invention
'is applied to an optical-systém for reéding a recorded signal
from a recording medium, e.g., an optical disk will be described
below.

FIG. 3 schematically shows a light path of incident
light and é light path of reflected light with respect to a
reflection point on a recording medium, e.é., an optical disk.
As shown in FIG. 3, in an opticél pickup 60 accofding to the

present invention, incident light Ly converged by an objective

lens 61 is inﬁroduced into an opiical recording'medium, e.g.,
optical disk 62 at its recording pit;'whereat it is reflected
and diffradted to_proauce three beam spots of zeroth-order
diffracted light, + first-order diffractéd light, and - first-

order diffracted light, thereby producing reflected light Iy

similarly to FIG. 1. Beams'of diffracted light interfere with
each other to change intensity of light of a far field pattern

produced by the reflected light Ly returned from the. optical



disk 62.

According to the present invention, the optical pickup
includes a plurality of detectors, e.g., the detectors A, B
similarly to FIG. 1, and the detectors A,'B are located at a

position at which the reflected light Ly is converged and

focused by converging means such as an objective lens 61, i.e.,
near a confocal as shown in FIG. 3; thus forming a confocal
optical system.

At that time, the spot diaﬁeter of the ;eflected light

Ip irradiated on the detectors A, B is reduced and the beam spot

becomes small compared with the case shown in FIG. 1, and hence
the tracking servo signal can be detected by smaller detectors.

The optical pickup according to the pfesent invention
detects the tracking servo signal based on the push-pull method,
and the manner in which the tracking servo signal is detected by
the push-pull method will be described.

The push-pull method is able to detect the tracking
servo signal by calculating light reflected and diffracted on
the 1rrad1ated portion on the optlcal dlsk at its tracking gulde
groove as an output dlfference between two llght—rece1v1ng
portions symmetrically positioned on a binary photodiode PD.

FiGS. 4A and 4B schematically show a relationship
between a position of a beam sbot irradiated on the optical disk
and a distribution of reflected and diffracted light. When the
center of the irradiated beam spot and the center of the guide
groove (gropve portion), as shown in FIG. 4A} there can be

obtained a symmetric distribution of reflected and diffracted




light, and intensities of beams sensed by two photodiodes PD (C,
D) are agreed with each other. In caSe the center of the
irradiated beam spot, the guide groove, and an intermediate
portion (land porfion) are agreed, there can be obtéined a
symmetric distribution of reflected and diffracted light
similarly to fIG. 4A, and intensities of beams received by the
two photodiodes PD are agreed with each other. When oﬁ the
other hand the center of the irradiated beam spot is not agreed
with the center of the groove portion or the land portion, there
is obtained an asymmetric distribution of aiffracted iight, and
hence intensities of beams received by the two photodiodes PD
are not agreed with each other.

- FIG. 4C is a characteristic graph showing a
relationship between the position of the center of the
irradiated beam spot and the output difference of the light-
receiving portions. As shown in FIG. 4C, a difference between
outputs outputted from the two light-receiving portions when the
irradiated beam, spot crosses the track becomes a sigmoid curve.

The manner in which the trécking servo signal is
detected according to the push-pull method as described above
will be described more fully below with reference to FIG. 5.
FIG. 5 is a schematic diagram of reflected and diffracted 1ight
from the optical disk. When a track pitch P becomes the same as
the size of the beam spot, -the guide groove looks like the
diffraction grating. Specifically, at that time, phase of light

beams are overlapped in the direction satisfying Psin 6 = NA (N

is an integer), and hence an-intensity of light is increased. In
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other words,l in the area in which zeroth-order diffracted
light, the + first—order diffracted light and - first-order
diffraéted light are overlapped to-each other, the intensity
distribution of the beam spot is changed due to an interference
effect achieved_by-a displacement of track. Therefore, if the
detector comprising the binary photodiode PD is'disposed in the
above area to detect a difference between these-outputs, then
the tracking servo signal can be detected. At that time, a

strength of the tracking servo signal becomes largest when the

depth of the guide groove is A/8n, and when the depth of the

guide groove is A/4n, light beams of diffracted light, which

interfere with each other, are canceled each other out, thereby
the strength of the tracking servo signal becomes zero.
Subsequently, an optical device aécording to the
_ present.invention will be. described with reference to the
drawings. | |

Inventive example 1

FIG. 6 is a fragmentary perséective view schematically
illustrating an optical device according to the present
invention. In this inventive example 1, a regbrding medium is
an optical disk with an irradiated portion 2 having recording
pits, and the optical device according to the present invention
is applied to an optical b@ckup for reading out a recorded |
signal by irradiating laser beams on this optical disk.

As.shown in FIG. 6, the optical device includes an
optical element 10 comprising a semiconductor substrate 1, a.

light-emitting portion 4 composed of a semiconductor laser LD
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with its cavity length direction extended along the substrate
surface of the semiconductor substrate 1 and a reflecting mirror
M disposed on one exit end face of the semicondﬁctor laser LD, a
converging means 3 composed of optical components such as a
lens, and a light-receiving portion 5 composed of two

photodiodes PD (PDl, PD;), and llght emitted from the 1lght—

emitting portion 4 is converged and irradiated by the converging
means 3 on the irradiated portion 2 of the optical disk or the

like. Returned light Ly .reflected from the irradiated portion 2

is converged by the common converging means 3, and returned to
the optical element 10. The light-receiving portion 5 in the

optical element 10, i.e., the photodiodes PD;, PD: are disposed

in the semiconductor substrate 1 on its opposite side of the
semiconductor laser LD near the confocal across the reflecting
mirror M.

The returned light LRlis converged by the converging
means'é up to substantially a light diffraction limit (ife.,
diffraction limit of lens), and the light-receiving portion 5 is
disposed such that at least a part of light—receiving‘surface of

each of the photodiodes PD;, PD, lies within this light .
diffraction limit, i.e., a distance of light emitted from.the
light-emitting portion 4 erossing the reference plane for

disposing.the light-receiving surface from its optical axis

becomes 1.22A/NA where A represents a wavelength of light

emitted from the light-emitting portion 4, and NA represents a

numerical aperture of the converging means 3.
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Also, a diameter of light Ly received on the light-

receiving surface of the light-receiving portion 5 from the
1ight-emi£ting portibh 4 is made smaller than a diameter of the
light diffraction limit, and an effective light-receiving
sufface of the light-receiving portion 5 is positioned 6ut of

the diameter of the emitted light Ly. If the light-emitting

portion 4 uses a semiconductor laser as its light source, then .

light emitted from-such light-emitting portion 4 has a diameter

of about 1 to 2 pum. If the converging means 3 has the numerical

aperture NA of about 0.09 to 0.1 and emitted light has the

' ﬁaﬁélength A of about 780 nm, then the diffraction limit becomes

about 1.22A/NA = 10 pm.

A manner in which the optical element 10 is
manufactured by selective MOCVD (metal organic chemical vapor
deposition) will be described. |

Semiconductor layérs comprising the semiconductor
laser LD are epitaxially depoéited on the first-cénductivity
type semiconductor substrate 1. Specifically, alihough not
shown, on the semiconductor substrate 1 is formed a laminated
semiconduétor layer 6 on which a fifst cladding layer of the
same conductivity type as that of the semiconductor substrate 1,
an active layer, and a second cladding layer of a second
conductivity type differen; from that of the first cladding
layer are sequentially epitaxially deposited by a suitable
method such as MOCVD.

Then, the laminated semiconductor layer 6 is etched
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away by RIE (reactive ion etching) at its portion whgre at least
the reflecting mirror M and the photodiodes PD are finally
formed while a part of the éemiconductor layers comprising the
laminated semiconductor layer 6 is left as the semiconductor
laser LD. Etched surfaces, i.e., two facets of the laminated
semicondﬁctor layer 6 are resonator facets, and a horizontal
fesonator of the semiconductor laser LD is fabricated between
the two facets. 1In this case, cur;ent-blocking regions are
formed.across the region in which the horizqntal resonator of-
the semiconductor laser LD is finally formed by implanting ions
of impurity. |

Then, a mask layér of an insulating layer for
selective MOCVD is deposited on the semiconductor substrate 1
so as to mask the semiconductor layer 6 left on the
semiconductor substrate 1, i.e., the portion in which the
- semiconductor laser LD is formed.

A first semiconductor layer of a first conductivity
type, for example, is deposited'on the semiconductor substrate 1
at its portion, which is not masked by the mask layer, by
selective MOCVD, and a seqond semiconductor layer of a second
conductivity type is sélectively deposited on the upper surface
of the firéf seﬁiconductor layer by diffusing impurities. The
first and second semiconductor layers comprise the photodiodes
PD (PD;, PD;) composing the light-receiving portion 5.

In-that case, when the fifsf semiconductqr layer is
selectively epitaxially deposited, the reflécting mirror M is

produced as a specific crystal plane, and formed as an inclined
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plane of an atomic surface with excellent morphology. Therefore,
the reflecting mirror M has an inclination of a predetermined
angle between it and the surface.of the semiconductor substrate
1. This crystal plane is formed as a specific crystal plane by
.selecting the upper surface of the semiconductor substrate 1 and
the direcfion of the horizontal resonator of the semiconductor
laser LD.

The optical element 10 may be manufactured by other
methods. That is, after the laminated semiconductor layer 6 has
béen formed on the semiconductor substrate 1, a groove with one
surface formed as a vertical plaﬁé.and the other surface formed
as an inclined plane is formed by-a suitable method such as RIE.
This vertical plane is used as one facet of the“horizontal
resonator of the semiconductor laser LD. Moreovef, after the
groove has been formed, the reflecting mirror M of a metal film
of a dielectric multilayer f£ilm is formed on the inclined plane.

In the optical device thus arranged so far, light
emitted from the semiconductor laser LD is reflected by the

reflecting mirror M, and becomes light Ly emitted from the
light-emitting portion 4. The light Ly is converged by the

converging means 3, irradiated on the irradiated portion 2 of
.the optical diék, and reflected and diffracted on the recording
pits formed on the irradiated portion 2 6f the optical disk in
the same manner as that of the example shown in FIG. 3. Then,
‘reflected and diffracted light travels through a light path of

the same axis of the emitted light Ly which is not reflected

' yet. Returned light Ly from the irradiated portion-2 has a beam
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spot with a diameter determined by diffraction_limit, and
received by the light-receiving portion 5 formed around the

- light-emitting portion 4. The photodiodes PD (PD;, PDy) of the

light-receiving portion 5 are disposed on the semiconductor
substrate i at its position near the semiconductor laser LD,
'e.g-, on the semiconductor substrate 1 at its side in which the
reflectihg mirror M is disposed. In this case, the photodiodes
PD;, PD, are lying within the position of the beam spot with the
diameter determined by the diffraction limit.

Signals generated from the two photodiodes PD;, PD;
when the photodiodes PD;, PD; are irradiated with the returned
light Ly are calculated, and a tracking servo s'i.gnal is detected -

by the push-pull method. Also, recorded information is read out
from the optical disk, i.e., an RF signal is detected from the

optical disk by the whole of the photodiodes PD;, PD,.

The optical device having the optical element 10 in
which.the light-emitting portion 4 and the 1iéht—receiving
portion. 5 are formed on the one semiconductor substrate 1 as
shown in FIG. 6 and the optical device in which the
semiconductor laser 82 of the light-emitting portion and the
light-receiving element 99 of the light-receiving portion are
separately disposed as shown in FIG. 2 are compared with each
other, i.e., amounts of offset generated (offset from a correct
trécking servo signal) in the tracking servo signals from the
above two optical devices when the lens position is offset or

the optical disk is curved or skewed are compared with each
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other.

Initially, amounts of offset generated in the tracking
servo signals that have been calculated from the detector
comprisiﬁg the two photodiodes PD;, PD; by a push-pull method
when the lens, i.e., the converging means.3 is offset in the
lateral direction, i.e., in the direction shown by an arrow "x"-
in FIG. 6 were compared. FIG. 7 is a graph showing measured
results obtained by such comparison. |

In FIG. 7, a horizontal axis represents 'a ratio (%) of
offset observed in the tracking servo signal relative to the

correct tracking servo signal calculated by the push-pull

method, and a horizontal axis represents an offset amount (um)

of lens position. Open circles in.FIG. 7 indicate measured
results of offset in the tracking servo signal of the optical
device according to the inventive example 1, and solid circles
indicate measured results of offset in tﬂe tracking servo signal
of the optical device according to the prior art.

A study of FIG. 7 shows that the amount of offset
éenerated in the tracking servo signal from the optical device

according to the inventive example 1 when the lens position was

offset 200 um was zero while the amount of offset generated in

the tracking servo signal from the conventional optical device
when the lens position was-offset 100 pumi.
Further, when the optical disk is skewed as described

above, offset is generated in the tracking servo signal.

Amounts of offset generated in the tracking servo signals
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calculated by the push-pull method from the conventional optical
device aﬁd the inﬁentive optical device when the optical disk is
skewed forward or backward about a rotary axis of line passing
the center of the optical disk as shown by an arrow "a" in FIG.
6 were compared with each other. FIG. 8 is a graph showing
measured results obtained by such comparison. |

In FIG. 8, a horizontal axis indicates an inclination
(degrees) of the optical disk with respect to the horizontal
direction, and a vertical axis indicates a ratio (%) of offset
observed in the tracking servo signal relative to the correct
tracking servo signal calculated by the push-pull method.

Oéen circles in FIG. 8 indicate measured results of offset in
the tracking servo signal of the optical device~according to the
inventive example 1, and solid circles indicate measured results
of offset in the tracking servo signal of the optical device
according to the prior art.

It is to be understood from FIG. 8 that the amount of
offset generated.in the tracking servo signal from the inventive
optical device is considerably small compared with that of the
conventional optical device, and has an increased margin against
the radial ékew of optical disk. | |

' As,qescribed above, the optical'deviée accordiﬁg to
the inventive examéle 1 can increase a margin against offset of
lens position and the curving or radial skew.of the optical disk
compared with the conventional optical disk. Therefofe, thé
optical device according to the inventive example 1 can stably

'accﬁrately detect a variety of signals, such as the tracking
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servo signal or the RF siénal which résults from reading
recorded information from the optical disk.

According to the p;esent-invention, the light-emitting
portion and the light-receiving portion are fabricated on one
semiconductor, and hence the whole of the optical pickup can be
reduced in scale.

Further, the returned light from the irradiatéd_.
portion travels through the same light path as that of the
emitted light. Therefore, alignment of optical components can
be adjusted with ease, and a ratio of lightiwhich will be
returned to the light-emitting portion can be increased.

Furthermore, the_optical device according to the
present inventioh can increase the margin against the offset of
lens position and the curving or skew of the optical disk, and
stably detect the tracking servo signal.

The optical device accdrding to the inventive example
1 has single light-emitting portion and single light-receiving
portion fabricated on the one sehiconductor substrate. Howéver,
the principle of the present invention can be similarly applied
to such a variant that a pluraliﬁy of light-emitting portions
and light-receiving portions are fabricated on one semiconductor
substrate. |

Inventive example 2

FIG. 9 shows an optical device according to other
embodiment of the present invention.
As shown in FIG. 9, three optical elements 21, 22, 23

-each having a light-emitting portion comprising a semiconductor
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laser ID and a reflecting mirror M and a light-receiving portion
comprising photodiodes PD are formed on one semiconductor
substrate 20.
As the photodiodes PD composing the light-receiving

'portion, the optical element 21 includes a photodigde PD;, the
optical e_lemént 22 includes two'photodiodes PD,p, PDog, and the
optical element 23 includes a photodiode PDj.

The optic#l element 22 located at the center of the
light-receiving portion is in the form of two components
obtained by equally dividing the photodiode PD half for
detecting a tracking servo signal based on the push-pull method,
and also used to detect the RF signal.

The optical elements 21, 23 located at respective ends
of the light-receiving portion are used to detect a focus servo
signal based on a so-called distance-difference method.

The optical elemenfs 21, 22, 23 are manufactured in
the same manner as to manufacture the optical elément 10 of the
optical device according to the inventive example 1.
Specifically, tﬁe laminated semiconductor layer with
semiconductor layers sequentially formed thereon for comprising
the light-emitting portion, the reflecting mirror M aﬁd the
first and second semiconductor layers comprising the photodiodes
PD of the light-receiving portion are formed on the
semiconductor substrate 20; although not shown.

Laser beams Ly (shown by broken lines in FIG. 9)

emitted from the respective light-emitting portions are

converged by the converging means 3 composed of lens or the like
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and irradiated on the irradiated portion 2 of the optical disk

or the like. At that time, as shown in FIG. 9, laser beams Ly

are irradiated on the irradiated portion 2 at its three
positions. Laser beams thus irradiated so far are reflected on

the irradiated portion 2 and become returned laser beams Lg

(shown by fine lines in FIG. 9).

The returned laser beams Lz are returned to the

optical elements 21, 22, 23 through the light paths each with

the same optical axis as that of each of emitted laser beams Ly,

and introduced into the light-receiving portion. A~light path

of laser beam Ly emitted from the central optical element 22 and
a light path of returned laser beam Ly returned to the central

optical element 22 become substantially equal to each other.
At that-fime, in the central optical element 22, the .
light-receiving portion is located near the confocal of the

returned laser beam Ly from the irradiated portion 2.

Further, the central optical element 22 can detect a
tracking servo signal by calculating signals detected'by its two

photodiodes PD,,, PD,p according to the push-pull method.

The optical elements 21, 23 at the respectivé ends can
detect a focus servo siéhal baséd on the distance-difference
method.'The focus servo signal, i.e., a ménner in which laser
beams are focused on the irradiated portion 2, composed of the
optical recording medium such as the optical disk, of the |
central optical element 22 can be detected by detecting amounts

of light received at the optical elements 21, 23 disposed at the
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respective ends, i.e., a difference between the outputs from the

photodiodes PD;, PD3 of the light-receiving portion.

Specifically, the optical elements 21, 23 disposed at
the respective ends are assumed to have the same light-receiving

area for receiving returned light Ly, i.e., the same light

receiving amount, i.e., the same detected output when emitted

light Ly from the central optical element 22 is properly focused

on the irradiated portion 2. With the above arrangement, when

the light Ly emitted from the central optical element 22 is not

properly focused on the irradiated portion 2, one beam spot of

returned light Ly focused on the effective light-receiving area

from one optical element 21 becomes large and another beam spot

" of returned light Ly focused on the effective light-receiving

area ftom another optical element 23 becomes small énd vice
versa. In other words, intensities of'detecﬁed outputs from the
ligthreceiving portions of the optical elements 21, 23 are
changed reciprocally.

The manner in which the light Ly emitted from the

central optical element 22 is focuséd on the irradiated portion
2 can be detected by detecting the difference between the‘
detected outputs, and the detected signal can be used as the
focus servo signal.

In the optical device shown in FIG. 9, when the
semiconductor substrate 20 with the optical elements formed
thereon is inclined relative to the irradiated portion 2 and the

converging means 3, the returned light I; is introduced with an
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inclination into the light-receiving surface of the photodiode.
Therefore, the light-receiving area and the amount of received
light can be increased by increasing the diameter of the beaﬁ

spot, thus enabling'the photodiodes PD;, PD3 on the optical

elements 21, 22 disposed at the respective ends to detect the
focus servo signal more accurately.

In the optical device according to the inventive
example 2, since the light-emitting portion and the light-
receiving portion are formed on one semiconductor substrate and
the light-receiving pértion is_formed near the confocal of the
returned light from the irradiated portion simiiarly to the
optical device according to the inventive example 1, the optical
pickup can be reduced in scale, aiignment of optical components
can be simplified, and the tracking servo signal can be detected
stably; i.e., similar effecfs'to those of the inventive example
1 can be achieved. |

In the optical device according to the present
invention, the optical eleménts disposed at the respective ends
can detect the focus ser&o signal, and the semiconductor
substrate is inclined, thus énabling returned light to be
introduced into the light-receiving surface with an inclination.
Therefore, the amount of received light can be increased, and
hence the focus servo siénal can be detected stably accurately.

Further, since the distribution of intensity of lig@t
caﬂ be detected by a plurality of light—reéeiving portions, a
signal has an increased informatién amount, and various signalsi

can be detected.
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As described above, according fo the present .
invention, sincé the light-receiving portion is disposed near
the confocal of light returned to the light-emitting portion and
the light%emitting portion and the light-receiving portion aré
formed on 6ne substrate, the size of the whole of the optical
pickup caﬁ be reduced, and the number of optical components can
be lessened, therebj-enabling the optical device to be
miniaturized.

| Emitted light and returned light travel through the
light path of the same optical axis, and ﬁence the optical
system can be simplified. In addition, positioning adjustmeﬁt
can be simplified. Moreover, a ratio of'light returned to the
light-receiving portion can be increased compared with the case
that light path is divided by a beam splitter or the like, and
henée’an amount of received light can be increased.

Therefore, the same amount of received light can be
realized by lower laser power, and a power consumption of the
optical device can be decreased.

Further, since light is recgived near the confocal of
returned light, a'signal can be detected stably and accurately |
by a push-pull method compared with the_cése that a éignal is
detected based on the far field pattern. Thereforé, a trécking
servo signal can be detected stably. At that time, if a
plurality of light-receiving portions are provided to dividé
returned light, then a variety of signals such as focus servo
signal can be detected, and information amount of signal can be

increased.
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Furthermore, when the present invention is applied to
an optical device using an optical disk, a phase-change optical
disk or a magnetooptical disk as an optical recording medium; a
power consumption of the optical device can be lessened, the
optical device can be .miniaturized, and a signal can be
detected, i.e., reproduceq or recorded stably. Therefore, it is
bossibie to realize a highly-efficient optical device.’

Having described preferred embodiments of the
invention with reference to the accdmpanying drawings, it is to
be understood that the invention is not limited to those precise _
embodiments and that various changes and modifications could be
effected therein by one skilled in the art without departing
from the spirit'or scope of the invention.as defined in the

appended claims.
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What is claimed is: REPLACED

1. An optical device COmprising:

a light—emitfing portion;

éonverging means; and

a light-receiving portion, wherein light emitted from
said light-emitting portion is convergéd and irradiated by said
converging means on an irradiated portion and returned light
from said irradiated portion is converged by said converging
means, said light-receiving portion is disposed near a confocal
of said converging means with respect to said returned light.
from said irradiating means, light emitted from said light-
emitting portion is passed through a light path of the same axis
and received by said light-receiving portion before and after it
is reflected on said irradiated portion, and said light- |

receiving portion detects a signal based on a push-pull method.

2. An optical device comprising:

a light-emitting portion composed of a horizontal
resonator type laser, and a reflection portion disposed in
confronting one exit end face of said laser; and

a 1ight-receiving portion formed on said reflection
portion, wherein said light-receiving portion is disposed near a
confocal position of returned light from said laser,land said
light-receiving portion detects a signal based on a push-pull

method.
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3. An optical ‘device according to claim 1, wherein
said light-emitting portion and said light-receiving portion are

formed on one substrate.

4. An optical device according to claim 2, wherein -
said light-emitting portion and said Iight-receiving portion are

formed on one substrate.
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