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[57] ABSTRACT

An optical integrated device for a reproducing head for
a magneto-optical record includes two devices formed
on separate substrates. A first device includes a polar-
ization detecting optical system, and a second device
includes a polarized light source and photoelectric con-
version means. The optical integrated device further
includes link means for linking the first and second
devices in proximate or close contact.

2 Claims, 5 Drawing Sheets

A statutory invention registration is not a patent. It has
the defensive attributes of a patent but does not have the
enforceable attributes of a patent. No article or advertise-
ment or the like may use the term patent, or any term
suggestive of a patent, when referring to a statutory in-
vention registration. For more specific information on the
rights associated with a statutory invention registration
see 35 US.C. 157.
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OPTICAL INTEGRATED DEVICE FOR A
REPRODUCING HEAD FOR MAGNETO-OPTICAL
RECORD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical integrated
device for a reproducing head for magneto-optical re-
cord.

2. Related Background Art

Recently, efforts have been made to develop an opti-
cal recording method which satisfies various require-
ments including high density, high capacity, high ac-
cessing speed and high recording/reproducing speed.

Among various optical recording methods, magneto-
optical recording is most attractive because it allows
erasure after recording (reproducing) information and
repeated recording of new information.

A record medium used in the magneto-optical re-
cording has a single-layer or multi-layer vertical mag-
netization film as a record layer. The magnetization film
may be made of amorphous GdFe, GdCo, GdFeCo,
TbFe, TbCo or TbFeCo. The record layer usually has
concentric or helical tracks on which information is
recorded.

The information to be recorded is previously bina-
rized and it is recorded by two signals, one bit having
upward magnetization to the film plane and the other
bit having downward magnetization. Since those bits
correspond to the digital signals ““0” and *“1”, the former
is called “0” bit and the latter is called “1” bit.

However, usually, the magnetization of the track on
which the information is to be written is aligned to
“upward”, for example, by applying a strong external
magnetic field prior to recording. This process is called
an initialization. Thereafter, the “1” bits having the
downward magnetization are formed on the track. The
information is recorded by the presence or absence
and/or the bit length of the downward *1” bit.

An optical head used to reproduce the magneto-opti-
cal record has a complex structure in order to detect
“0” and “1” bits. FIG. 1 shows a conceptual view of an
optical head which uses a most typical differential de-
tection system.

A laser diode 31 is usually used as a polarized light
source. A laser beam emitted by the laser diode 31 has
an oval light beam sectional plane as shown in FIG. 2(a)
when it is taken along a line A—A' of FIG. 1. A polar-
ization plane is parallel to a minor axis as shown by
arrows in FIG. 2.

The laser beam is then directed to a collimator lens
32, which collimates the laser beam. The collimated
beam is directed to a first prism 33 and a second prism
34. Those prisms function to shape the sectional shape
of the beam from oval to real circle. They are arranged
in a predetermined attitude. The sectional plane and the
polarization plane of the beam transmitted through the
prisms 33 and 34 are shown in FIGS. 2(b) and 2(c),
respectively. As seen from the figure, the polarization
plane is not rotated.

The shaped beam is then directed to a main beam
splitter 35, which guides light reflected by a record
medium (MO) to a detecting optical system.

The beam transmitted through the beam splitter 35 is
focused by an objective lens 36 and directed to the
record medium (MO).
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The directed beam is reflected by the record medium
(MO) to go back along the same path. However, the
reflected light has the polarization plane rotated by an
angle 6. (This phenomenon is called a Kerr effect.) The
rotation of the polarization plane is clockwise (+6x) or
counterclockwise (—6x) depending on whether the
beam is directed to the “0” bit (upward magnetization)
or “1” bit (downward magnetization). This is shown in
FIGS. 3(a) and 3(b), whether the rotation is +8x or
— 0 depending on the upward magnetization or down-
ward magnetization depends on the type of magnetic
material. (In FIG. 3, —64 for “0” bit and + 6 for “1”
bit.)

The beam reflected by the medium again passes
through the objective lens 36 and is directed to the main
beam splitter 35 where it is split into two parts, one
being directed to the light source 31 and the other to the
detecting optical system.

The beam directed to the detecting optical system is
directed to a one-half wavelength plate 37 which has an
optical axis thereof inclined by 22.5 degrees to the po-
larization plane of the incident light. As a result, the
polarization plane is rotated by a=22.5X2=45 de-
grees. The angle 45 degrees is the value used in a most
conventional method called a 45 degrees differential
method. In an asymmetric differential method, the
angle a is set to 10~15 degrees. The rotated beams are
shown in FIGS. 3(c) and 3(d).

The beam is then directed to a polarization beam
splitter 38 where it is split to a P component and an S
component. The S component of a light vector is shown
by solid line arrows in FIGS. 4A and 4B. Broken line
arrows show the polarization direction of the beam
before the rotation. It is seen that the magnitude of the
S component changes depending on whether the beam
is the reflected beam from “0” bit (FIG. 4A) or the
reflected beam from “1” (FIG. 4B).

On the other hand, the P component of the light
vector is shown by solid line arrows in FIGS. 5A and
5B. Broken line arrows show the polarization direction
of the beam before the rotation. Again, the magnitude
of the P component changes depending on whether the
beam is the reflected beam from “0” bit (FIG. 5A) or
the reflected beam from “1” bit (FIG. 5B).

One of the split S component and P component is
then directed to a first detector 39 while the other is
directed to a second detector 40, where they are con-
verted to electrical signals, respectively.

The converted electrical signal is proportional to the
square of the S component or P component. Accord-
ingly, an output from the first photoelectric converter
39 or the second photoelectric converter 40 changes
depending on whether the split component of the re-
flected beam from ““0” bit is received or that from “1”
bit is received. Accordingly, the information recorded
on the record medium (MO) is reproduced in the form
of an electrical signal.

Since the AC components of the outputs of the first
photoelectric converter 39 and the second photoelec-
tric converter 40 are of opposite phase, the AC output
is doubled by differentiating both outputs and noise due
to the fluctuation of the light source 31 is also elimi-
nated. This is a principle of the differential method. The
outputs of the first photoelectric converter 39 and the
second photoelectric ‘converter 40 are supplied to a
differential amplifier (not shown).

The number of components of the reproducing head
for the magneto-optical record is as many as ten for the
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optical head shown in FIG. 1, and hence problems of
difficulty in reducing the size of the head, heavy weight,
high manufacturing cost and time-consuming work for
mounting and fixing the parts are encountered.

An optical integrated device for a monolithic repro-
ducing head for a magneto-optical record in which all
parts are formed on a single substrate has been pro-
posed. For example, reference is made to FIG. 2 of
Japanese Laid-Open Patent Application No. 1-134730.

However, many problems must be solved in putting
the device into practice. In the optical integrated de-
vice, a crystal layer such as lithium niobate for forming
a polarization optical system which utilizes an electro-
optical effect and a GaAs crystal layer for forming a
light source and a photoelectric converter are required.
However, because of different crystalline structures of
those crystals, it is not possible by the present technol-
ogy to manufacture a substrate on which both crystals
are stocked.

SUMMARY OF THE INVENTION

It is an object of the present invention to solve the
above problem as much as possible by the current tech-
nology. To this end, the present invention first provides
an optical integrated device for a reproducing head for
a magneto-optical record, comprising:

a first device (1) having a polarization detecting opti-
cal system;

a second device (2) having a polarized light source
and a photoelectric converter; and

link means (3) for linking said first and second devices
in a proximate or close contact.

Secondly, the present invention provides an optical
integrated device described above wherein:

said first device (1) comprises;

a first wave guide having a light entry port on a first
end plane of a first substrate and a light exit port on a
second end plane of the first substrate for coupling the
light entry port and the light exit port;

a second wave guide branching from said first wave
guide at a first branch point and extending to a second
branch point;

third and fourth wave guides branching from said
second wave guide at the second branch point and hav-
ing light exit ports on the first end plane;

a first mode splitter provided at the first branch point;

a polarization plane rotating element provided along
said second wave guide; and

a second mode splitter provided at the second branch
point;

said second device (2) comprising;

a polarized light source having a light exit port on an
end plane of a second substrate;

a first photoelectric converter having a light entry
port on the end plane of the second substrate; and

a second photoelectric converter having a light entry
port on the end plane of the second substrate;

said first device (1) and said second device (2) being
linked by said link means (3) in a proximate or close
contact such that the light entry port of said first wave
guide and the light exit port of said polarized light
source, the light exit port of said third wave guide and
the light entry port of said first photoelectric converter,
and the light exit port of said fourth wave guide and the
light entry port of said second photoelectric converter
align, respectively.

In accordance with the present invention, the polar-
ization detecting optical system which utilizes the elec-
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4

tro-optical effect is formed in a first device (1), and the
light source and the photoelectric converter are formed
in a second device (2), separately by function so that
each device can be manufactured by the current tech-
nology. By coupling both devices by conventional cou-
pling means, the optical integrated device for the repro-
ducing head can be readily assembled.

The second device (2) per se is known as a dual mode
detector, for example. Reference is made to U.S. Pat.
No. 3,952,265. In this device, the polarization light
source and the photoelectric converter are of the same
construction, and the latter is oppositely biased to the
former to attain the photoelectric conversion function.

In the present invention, the elements which can be
formed on one substrate by the present technology are
assembled on the same substrate (that is, the polariza-
tion optical system is formed on the first device while
the polarization light source and the photoelectric con-
verter are formed on the second device). Accordingly,
only two substrates are needed and the number of parts
required is very small because only the coupling of both
substrates are required. As a result, the size of the head,
weight and manufacturing cost are reduced.

Further, the elements corresponding to the optical
parts in the prior art can be mechanically mounted and
fixed on the substrate by using the semiconductor manu-
facturing technique. Accordingly, the mounting, adjust-
ing and fixing works are not necessary.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a conceptional view of a main portion
of a prior art reproducing head for a magneto-optical
record,

FIG. 2 shows a change in sectional shapes of laser
beams upstream of a collimator lens 32 of FIG. 1 (at a
plane designated by line A—A’), downstream of a first
prism 33 and downstream of a second prism 34 and
polarization planes (shown by ,

FIG. 3 shows rotation of the polarization plane in'the
construction of FIG. 1,

FIGS. 4A and 4B show the magnitude of an S com-
ponent split from the polarized beam in the construction
of FIG. 1,

FIGS. 5A and 5B show the magnitude of a P compo-
nent split from the polarized beam in the construction of
FIG. 1,

FIG. 6 shows a schematic plan view of an optical
integrated device in accordance with an embodiment of
the present invention, and

FIG. 7 shows a schematic view of a known mode
splitter used in a first device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIG. 6 which shows a schematic view of
an optical integrated device in accordance with an em-
bodiment of the present invention, a first device (1) is
formed on a lithium niobate crystal substrate having an
electro-optical effect. Formed on this substrate are a
first wave guide 11, a second wave guide 12 which
branches from the first wave guide at a first branch
point A and extends to a second branch point B, a third
wave guide 13 and a fourth wave guide 14 which
branch from the second wave guide at the second
branch point B.

The first wave guide 11 has a light entry (and exit)
port 18 on an end plane (second end plane) of the sub-
strate, and a light exit port on another end plane (first
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end plane). The third wave guide 13 and the fourth
wave guide 14 have light exit ports on the first end
plane.

A first mode splitter 15 is provided at the first branch
point A. A polarized beam emitted from light port 18
after passing the first branch point A is reflected by a
record medium and the reflected light containing infor-
mation is directed through the same light port 18 and
reaches the first branch point A. The first mode splitter
15 functions not to direct the polarized component by
the Kerr rotation effect (Kerr rotation component)
contained in the reflected light to the first wave guide
11 but to direct it to the second wave guide 12.

The mode splitter per se is known (For example
Appl. Phys. Lett. 37 (1), pp 20-23, Jul. 1, 1980 and
Appl. Phys. Lett. 44 (6), pp 583-585, Mar. 15, 1984).
FIG. 7 shows a schematic view thereof. The mode
splitter may be a conventional passive mode splitter but
an active mode splitter having an electrode may be used
to improve the selectivity of polarization. The latter
uses an electro-optical effect of the substrate and the
selectivity (branch ratio) of polarization can be finely
adjusted by controlling an applied voltage. In the con-
ventional passive mode splitter, it is difficult to direct
100% of the Kerr rotation component of the reflected
light from the record medium to the second wave guide
12. Thus, a2 known active branch ratio enhancing ele-
ment or active branch ratio adjusting element may be
provided between the first branch point A of the first
wave guide 11 and the light port 18. This element can
adjust the branch ratio of the reflected light to be di-
rected to the second wave guide 12 and the first wave
guide 11 by controlling a voltage.

Along the second wave guide 12, a polarization plane

" rotating element 16 is provided. It rotates the polariza-
tion plane of the reflected light from the record medium
by approximately 10-80 degrees, preferably approxi-
mately 45 degrees.

The polarization plane rotating element per se is
known (for example, Journal of Quantum Electronics,
Vol. QE-17, No. 6, pp 965-969, June 1981). It comprises
a phase shifter for shifting a phase of a TE-TM mode by
90 degrees and a mode converter (which converts the
TE mode to the TM mode) arranged in a succeeding
stage. They have electrodes of periodic structure
(shown by hatched squares in FIG. 6) on both sides of
the wave guide. By applying an appropriate voltage, the
polarization plane can be rotated to a desired angle.

A second mode splitter 17 is formed at the second
branch point B at which the second wave guide 12
terminates. The reflected light having the polarization
plane thereof rotated is branched (split) to the third
wave guide 13 and the fourth wave guide 14 and exits
from the exit ports on the second end plane through the
respective wave guides toward the second device (2).

The second device (2) is formed on a GaAs crystal-
line substrate. Since a polarized light source including
wave guide 23 and photoelectric converters including
wave guides 21 and 22 are of the same construction, the
manufacture is facilitated. The former and the latter can
be switched by merely reversing the polarity of the bias
voltage applied to the electrodes (shown by hatched
squares in FIG. 6).

The first device (1) and the second device (2) are
linked by conventional link means, for example, screws,
bolts and nuts, or bonding material, for close contact or
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through a spacer 4 (with an air gap of 1~ 100 microns,
for example). The first device (1) and the second device
(2) are linked such that the light entry port of the first
wave guide 11 and the light exit port of the polarized
light source 23, the light exit port of the third wave
guide 13 and the light entry port of the first photoelec-
tric converter 21, and the light exit port of the fourth
wave guide 14 and the light entry port of the second
photoelectric converter 22 align respectively.

The polarized light source 23 may be used as a re-
cording beam source as it is (although power amplifica-
tion may be usually required) and the first wave guide
11 may be used as a recording beam path to use the
optical integrated device of the present embodiment in
a record operation.

The first device may also include a recording beam
wave guide, a tracking optical system and focusing
optical system, and the second device may additionally
include a light source and photoelectric converters.

We claim:

1. An optical integrated device for a reproducing
head for a magneto-optical record, comprising:

a first device having a polarization detecting optica!

system on a first substrate;

a second device having a polarized light source and a
" photoelectric converter on a second substrate sepa-

rate from the first substrate;

both the first and second devices being monolithi-
cally integrated devices; and

link means for.linking said first and second substrates
in a proximate or close contact.

2. An optical integrated device according to claim 1

wherein:

said first device comprises;

a first wave guide having a light entry port on a first
end plane of said first substrate and a light exit port
on a second end plane of the first substrate;

a second wave guide branching from said first wave
guide at a first branch point and extending to a
second branch point;

third and fourth wave guides branching from said
second wave guide at the second branch point and
having light exit ports on the first end plane;

a first mode splitter provided at the first branch point;

a polarization plane rotating element provided along
said second wave guide; and

a second mode splitter provided at the second branch
point;

said second device comprising;

a polarized light source having a light exit port on an
end plane of said second substrate;

a first photoelectric converter having a light entry
port on the-end plane of the second substrate; and

a second photoelectric converter having a light entry
port on the end plane of the second substrate;

said substrates being linked by said link means in said
proximate or close contact such that the light entry
port of said first wave guide and the light exit port
of said polarized light source, the light exit port of
said third wave guide and the light entry port of
said first photoelectric converter, and the light exit
port of said fourth wave guide and the light entry
port of said second photoelectric converter align,
respectively.
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