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TITLE OF THE INVENTION

Magneto-optical pick-up with optical module
BACKGROUND OF THE INVENTION |
1.Field of the invention

The presentLinvention relates to a magneto-~
optical pick-up for an optical recording and reproducing
apparatus used in an external data storage device storing
audio and video files, text files, and otﬁer computer data
by repeatedly writing and reading said information by means
of an optical beam and the magneto-optical effect.
2.Dbescription of the prior art

Photo~electro-magnetic recording and repro&ucing
devices have been developed in recent years as one type of
optical recording and reproducing device capable of
repeatedly rewriting and reading data to the same medium.
The magneto-optical pick-up is a fundamental component of
the magneto-optical recording and reproducing systen, an@
technologies reducing the size of the magneto-optical pick-
up have been actively resea;qﬁed.

A conventional magneto-optical pick-up designed
for compactness is described in Japanese tokkai H5-205339,
and is described below with reference to Figs. 20A and 20B
from tokkai H5-205339.

As shown in Fig. 20A, photodiodes 113 and 114 are

formed on silicon substrate 112, and are divided into three
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segments A - C and D - F in thé same direction as the
photodiode orientation, as illustrated in Fig. 20B, and the
direction perpendicular thereto; The polarizing film 115
disposed over the complete surface of the Si substrate 112
passes only P-polarized light and reflects S-polarized
light. A non-polarizing £ilm 121 with 50% reflectivity is
also formed on the sloping sides of the microprism formed
on the polarizing film 115 above the photodiodes 113 and
114. A quarter-wave length plate 117 is formed above the
prism 116, and is coated with a total reflection film 118,
Another Si substrate 123 is also formed oﬁ the polarizing
£ilm 115 a£ a position opposing the sloping surface of the
prism 116. The laser diode 125 is disposed on the si
substrate 123, and emits light of whiéh the polarization
plane is inclined 45 deqreeé to the incidence plane of the
non-polarizing £ilm 121. Another photodiode 124 is also
provided on the $i substrate 123 at a position on the side
opposite the side facing the non-polarizing film 121 of the
laser diode 125. An objective lens 126 is also provided
above the inclined surface of the prism 116.

The basic operation of the magneto-optical pick-
up thus comprised acéording to the prior art is described

below.

The light 128 emitted from the laser diode 125 is

incident to the non-polarizing film 121, which reflects



only 50% of the light 128 upward. The light 128 reflected
by the non-polarizing film 121 is focused by the objective
lens 126 on the photo-electro-magnetic recording medium 129
(magneto-optical disk), and the polarization plane is
rotated by the magnetic signal recorded to the recording
medium 129.

The light 128 reflected from the recording medium
129 passes through the objective lens 126 again and is
incident on the non-polarizing film 121; S0% of this
incident light passes the non-polarizing film 121. The
light 128 passed through the non-polarizing £ilm 121
travels through the prism 116 and is incident on the
polarizing film 115.

Of the light incident on the polarizing ﬁilm 115,
only the P-polarized 1i§ht component passes and is incident
to the photodiode 113. The S-polarized light component is
reflected by the polarizing film 115. This reflected S-
polarized light travels through the prism 116, passes the
gquarter-wave length plate 117 and is incident on the total
reflection film.lls, and is thus reflected by the total
reflection film 118 and passed again through the quarter-
wave length plate 117. The S-polarized light component of
the emitted light 128 thus travels twice through the
quarter-wave length plate 117, and is thereby converted to

P-polarized light. While the light 128 reflected by the
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total reflection film 118 travels through the prism 116 and
is incident on the polarizing film 115, the light 128 is
now converted to P-polarized light as described above and
therefore passes through the polarizing film 115 and is
incident on the other photodiode 114. The photo-electro-
magnefic signal RF is thus obtained by differential
detection where RF = (A+ B + C) - (D + E + F).

When the magneto-optical pick-up is focused on
the recording medium 129, the light 128 is focused on the
total reflection film 118 as shown in Fig. 20B, and the
light spots on the photodiodes 113 and 114 have the same
diameter. The focus error signal FE éan thus also be
obtained by differential detection where FE = (A + C + E} -
(B + D + F).

The light 128 emitted from the laser diode 125 in
the direction away from the non-polarizing film 121 is
incident on photodiode 124. The change in the amount of
light 128 emitted from the laser diode 125 can thus be
determined by detecting the change in the amount of light
128 received by the photodiode 124.

With the configuration thus described, the
operation reflecting the light 128 emitted from the laser
diode 125, and the oﬁeration passing the light reflected
from the recording medium 129, are both achieved by a non-

polarizing film 121 of which the reflectivity and



transmittance do not contribute to the direction of light
polarization. Because both the reflectivity and .
transmittance of this non-polarizing film 121 are a low
50%, light utilization efficiency is poor. This makes an
expensive, high outpuf laser diode 125 necessary. Because
the transmittance of the polarization component rotated
only a minimal angle by the magnetic signal recorded to the
recording medium 129 is also poor, i.e., the transmittance
of the photo-electro-magnetic signal is also poor, a
sufficient signal/noise ratio (S/N ratio) is not achieved
in the photo-electro-magnetic signal, and good performance
is not obtained from the magneto-optical pick-up.

A second Si substrate 123 is also regquired in
addition to the Si substrate 112 in order to mount the
laser diode 125, photodiode 124, and expensive quarter-wave
length plate 117, which is made, for example, of quartz.
The number of components in the magneto-optical pick-up is
therefore large, and achieving a low cost magneto-optic;l
pick-up is extremely difficu;t.

SUMMARY OF THE IN‘?ENTION

) . Therefore, the object of the present invention is
to provide a compact magneto-optical pick-up for a photo-
electro-magnetic recording and reproducing apparatus where
the light utilization efficiency of the magneto-optical

pick-up is good, a good S/N ratio can be obtained, and



expensive light-emitting elements and other components are
not required.

To achieve this object, a magneto-optical pick-up
according to the present invention comprises an obtical
module comprising an integral light-emitting element and
receptor element having plural light reception areas, and a
diffraction grating on the light incidence/emission plane;
a condeﬁsing element for irradiéting light emitted from the
light-emitting element to the information recording medium;
a polarizing prism provided integrally to the optical
nodule in the light path between the light;emitting element
and the condensing element, and characterized by the
reflectivity and transmittance of the polarizing prism
differing for P-polarized light and S-polarized light; and
an analyzer p:ovidéd internally or integrally to the
optical module for dividing the light reflected or passed
by-the polarizing prism into light having af least two
mutually-perpendicular polarization components.

[Operation]

With the polarizing prism of the invention, the
.reflectivity and transmittance differ for P-polarized light
and S-polarized light, thereby improving the efficiency
with which the light enitted from the light-emitting
element is reflected or transmitted, and improving the

efficiency with which the photo—elect;o-magnetic signal



component generated by the slight rotation of the
polarization plane by the photo-electro-magnetic recording
medium is reflected or transmitted. The light utilization
efficiency is thus improved, and a sufficient S/N ratio can
be assured. .

Because the light utilization efficiency is gooqd,
a high cost, high output light-emitting element is not
needed, and the quarter wave length pl&te and plural
substrates are not needed. Unit cost is therefore easily
reduced. By also integrating-the optical module and
polarizing prism while disposing the analyzer inside the
optical module, an extremely small magneto-optical pick-up
can also be achieved. .

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully
understood from the detailed description given below and
the accompanying diagrams wherein:

Fig. 1 is a conceptual side view of a magneto-
optical pick-up according to the first embodiment of the
invention, and Fig. 2 is a plan view of the receptor
element, light-emitting element, and analyzer in the first
embodiment;

Fig. 3 is a side view of a magneto-optical pick-
up according to the second embodiment of the invention,

Fig. 4 is a plan view of the receptor element, light-



emitting element, and analyzer in the second embodiment,
and Fig. 5 is a top view of the diffraction grating;

Fig. 6 and Fig. 7 are different side views of a
magneto-optical pick-up according to the third embodiment
of the invention, and Fig. 8 is a plan view of the receptor
element and light-emitting element;

Fig. 9 and Fig. 10 are differenﬁ side views of a
magneto-optical pick-up according to the fourth embodiment
of the invention, and Fig. 11 is a plan view of the
receptor element ahd light-emitting elemeﬂt;

Fig. 12 is a conceptual side view of a magneto-
optical pick-up according to the fifth embodiment of the
invention, and Fig. 13 is a plan view of the receptor
element, light-emitting element, and analyzer;

Fig. 14 is a conceptual side view of a magneto-
optical pick-up according to the sixth embodiment of the
invention, and Fig. 15 is a plan view of the receptor
element and light-emitting element;

FPig. 16 is a conceptual side view of a magneto-
optical pick-up according to the seventh embodiment of the
invention, and Fig. 17 is a plan view of the receptor
element and light-emitting element;

Fig. 18 is a conceptual side view of a magneto-
optical pick-up according to the eighth embodiment of the

invention;



Fig. 19 is a plan view of the receptor element
and light-emitting element; and

Figs. 20A and 20B are a sectional of a
conventional optical module and an enlarged plan view of
photodiodes of Fig. 20A, respectively.

DESCRIPTION OF PREFERRED EMBODIMENTS

The preferred embodiments of a magneto-optical
pick-up according_to the present invention are described
below with reference to the accompanying figures.

Fig. 1 is a side view of a magneto-optical pick-
up according to the first embodiment of the invention, and-
Fig. 2 is a plan view of the receptor element, light-
emitting element, and analyzer in the first embodiment.

As shown in Figs. 1 and 2, a substrate 16 is
'provided inside the optical module 15 having a box-like
casing made of a resin or metal. A laser diode 17 as the
light-emitting element, and photodiodes 18, 19, and 20 as
receptor elements, are provided on said substrate 16. The
laser diode 17 is disposed w%th the light~emitting chip
inside a recess having sides sloping at an approximately 45
degree angle provided in the substrate 16. When the laser
diode 17 emits, the emitted light hits the 45° sloping
sides, and is reflected upward. The photodiodes 18 and 19
each comprise six elements 18a -~ 18f and 19a -~ 19f as shown

in Fig. 2. Photodiocde 20 comprises two elements 20a and
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20b arrayed at an approximately 45 degree angle to the
orientatiqn of photodiodes 18 and 19.

A transparent substrate 21 made of glass or resin
seals the optical module 15, and comprises.thereon at the
surface area opposing the laser diode 17 a holoérap@ic
diffraction grating 22 (diffraction grating). This
holographic diffraction grating 22 has a lens effect
whereby the focal point of +/~1lst order diffracted ligh;
diffracted 5 -~ 20 degrees differs.

The polarizing prism 23 has a trapezoidal cross
section formed by bonding a prism with a triangular cross
section to a prigm with a parallelogram cross section. The
bonding surface is a polarized light separation plane 23a.
When the light emitted from the laser diode 17 is, for
example, P-polarized light, the transmittance and
reflectivity of the polarized light separation plane 23a to
P-polarized light is approximately 70% and 30%,
respectively, and the reflectivity to S-polarized light is
approximately 100%. The polarizing prism 23 is formed
integrally to the transparent substrate 21, and the slope
23b of the polarizing prism 23 is inclined to guide light
into the optical module 15.

A prism-type analyzer 24 is similarly formed with -
a trapezoidal cross section formed by bonding a prism with

a triangular cross section to a prism with a parallelogram



cross section. The bonding surface is a polarized light
separation plane 24a of which the transmittance to p-
polarized light is approximately 100%, and the reflectivity
to s-polarized light is also approximately 100%. The
prism~type analyzer 24 is provided on the substrate 16 over
the photodiode 20 such that the polarized light separation
plane 24a is disposed above element 20a of the photodiocde
20, and slope 24b is disposed above element 20b of the
photodiode 20. As a result, the triangular cross section
prism element of the prism-type analyzer 24 is positioned
above element 20a of the photodiode 20, and the
parallelogram cross section prism element is positioned
above element 20b.

The objective lens 25 is a condensing element
provided above the polarizing prism 23 to focus light on
the magneto~optical recording medium 26 used as the
.information recording medium.

It should be noted that the holographic
diffraction grating 22 may be disposed on the top of the
transparent substrate 21 at a position opposing the
polarizing prism 23 rather than on the bottom of thg
transparent substrate 21.at a position opposing the laser
diode 17.

It is also possible to eliminate the transparent

substrate 21, and provide the holographic diffraction



grating 22 directly on the polarizing prism 23 at a
position opposing the laser diode 17.

Furthermore, while both the polarizing prism 23
and prism-type analyzer 24 are elements having a
trapezoidal cross section formed by bonding a prism with a
triangular cross section to a prism with a parallelogram
cross section, it is also possible to achieve this
trapezoidal shape by bonding three triangular cross section
prisms.

As illustrated in Fig. 1 schematically, the
optical module 15 is installed in a pick~up frame PF made
of a resin or a metal and the objective lens 25 is
suﬁported by the frame PF in a well-known manner so that
the light beam is focused on the magneto~optical recording
medium 26 correctly. Plural lead terminals L are drawn out
from a side wall of the package of the module 15 to the
outside of the pick-up frame PF. One end of each lead
terminal L is connected to a corresponding device by a wire
bonding and the other end thereof is connected to a control
circuit CC for electrically controlling the pick-up in a
manner well known to those skilled in the art.

It is desirable to fill an inert gas such as Ar
or the like in the inner space of the optical module 15 to
protect elements and devices housed inside the optical

nodule 15 from deterioration.
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The basic operation of the magneto-optical pick-
up according to the present invention as thus comprised is
described below.

P-polarized light emitted from the laser diode 17
passes the holographié diffraction grating 22 forméd on
the transparent substrate 21, and is incident on the
polarized light separation plane 23a of the polarizing
prism 23. Because the reflectivity and transmittance of
this polarized light separation plane é3a to P-polarized
light are appfoximately 30% and 70%, respectively, and the
reflectivity to S-polarized light is approximately 100%,
approximately 70% of the light passes the polarized light
separation plane 23a and is focused on the magneto-optical
recording medium 26 by the objective lens 25. The
polarization plane of this light is rotated approximately
0.5 degree by the photo-electro-magnetic signal recorded to
the magneto-optical recording medium 26, and is reflected
as a photo-electro-magnetic signal component with a nominal
S-polarized light componeﬁt.. This reflected light passes
back through the objective lens 25.and is incident on the
polarized light separation plang 23a of the polarizing
prism 23.

Because the reflectivity and transmittance of
this polarized light separation plane 23a to P-polarized

light are approximately 30% and 70%, respectively, and the
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reflectivity to S~polarized light is approximately 100%,
approximately 70% of the P-polarized light component passes
through while approximately 30% of the P-polarized light
component and 100% of the S-polarized light, which is the
photo-electro-magnetic signal component, are reflected.

The light reflected by the polarized light separation plane
23a is reflected by the slope 23b, passes the transparent
substrate 21 to enter the optical module 15, and is
incident .on the polarized light separation plane 24a of the
prism-type analyzer 24.

Because the transmittance to P—pblafized light is
approximately 100% and the reflectivity to S-polarized
light is also approximately 100% at this polarized light
separation plane 24a, the P-polarized light component
passes through and is incident on element 20a of the
photodiode 20. The S—-polarized light component is
reflected from the polarized light separation plane 24a to
slope 24b, and is reflected by slope 24b to photodicde
element 20. 'Thus, if the signals obtained by elements 20a
and 20b of the photodiode 20 are expressed with the same
sign, the photo~electro-magnetic signal-ﬁF.can be obtained
by the difference detection

RF = 20a - 20b. _ £13

The light passing the polarized light separation

plane 23a of the polarizing prism 23 is incident on the
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holographic diffraction grating 22 formed on the
transparent substrate 21. This incident light is
diffracted with a diffraction angle of approximately 5 - 25
degrées such that, for example, the +1st order diffracted
light is incident on the one photodiode 18, and the -1st
order diffracted light is incident on the other photodiode
19. Because the holographic diffraction grating 22 has a
lens effect whereby the focal points of +1st ordexr and -1st
order diffracted light ﬁiffer, the +1st order diffracted
light is focused, for example, at a point closer to the
holographic diffraction grating 22 than the photodiode 18,
and the -1st order diffracted light is focused at a point
beyond the photodiode 19. As a result, when the magneto-
optical pick-~up is focused on the magneto-optical recording
medium 26, the light spots formed on the photodiodes 18 and
19 have the same diameter as shown in Fig. 2. The focus
exror signal FE can thus be obtained by the difference
detection
FE = {{(18a + 18c + 184 + 18f) + (1%b + 19e}}

- {(18b + 18e) + (1%a + 19¢ + 1994 + 19.f)} [2]

If_the magneto-optical pick—-up-is disposed such
that the dividing line separating elements 18a -~ 18c and
elements 18d - 18f of.the one photodiode 18, and the

dividing line separating elements 19a - 19c and elenments

19d - 19f of the one photodiode 19, are parallel to the
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direction of the data tracks of the magneto-optical

recording medium 26, the light spots formed on the

photodiodes 18

and 19 will move respectively in the

directions opposite the direction intersecting the data

track when the
the data track
Tracking error

tracking error

magneto-optical pick-up becomes offset from
of the magneto-optical recording medium 26.
can thus be determined by obtaining the

signal TE with a similar difference

detection operation where

TE = {(18a + 18b + 18c) + {19a + 1%b + 19¢c)}

~ {(18d + 18e + 18f) + (19d + 1%e + 19f)}. (3]

The magneto-optical pick-up according to the

present invention can therefore be built compactly with

high light utilization efficiency and a sufficient S/N

ratio in the photo-electro-magnetic signal by providing

integrally to the optical module 15 a polarizing prism 23

whereof the reflectivity and transmittance differ with pP-

polarizéd light and S-polarized light.

Furthermore, by providing a substrate 16

integrally comprising a laser diode 17 and photodiodes 18,

1%, and 20 inside the optical module 15, and integrally

disposing a prism~type analyzer 24 on this same substrate

16, the need for a quarter wave length plate and plural

substrates is eliminated, and the magneto-optical pick-up

can be easily comprised compactly and at a low cost.
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Reliability and durability with respect to
changes in temperature and humidity can also be improved by
sealing the inside of the optical module 15 with a
transparent substrate 21.

{Embodiment 2] )

An alternative embodiment of a magneto-optical
pick-up according to the present invention is described
below with reference to Figs. 3 and 4. Note that like
parts in this embodiment and that described above are
identified by like references, and further detailed
description thereof is omitted below.

FPig. 3 is a side view of a magneto-optical pick-
up according to the second embodimené of the invention,
.Fige 4 is a plan view of the receptor element, light-
emitting element, and analyzer in this embodiment, and Fig.
5 is a top view of the diffraction grating in this
embodiment.

What differs between this embodiment as shown in
Fig. 3 and the first embodimgnt in Fig. 1 is that the
centers of photodiodes 18 and 19 are each divided into
three elements 18i - 18k and 19i - 19k, respectively, in
the direction perpendicular to the orientation of the
photodiodes 18 and 19. These center elements 18i - 18k and
19i -~ 19k are then bracketed by four corner elements 18qg,

18h and 181, 18m, and 19g, 1¢h and 191, 19m, respectively,
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arrayed in the same orientation as the photodiodes 18 and
19. A segmented holographic diffraction grating 27 is also
used as the diffraction grating of the Claims in place of
the holographic diffraction grating 22 of the first
embodiment.

The segmented holographic diffraction grating 27
also has a lens effect with the pupil area thereof divided
into six segments 27a - 27f, each of which has a different
pattern. The +1st order diffracted light diffracted by
segment 27a of the.segmented holographic diffraction
grating 27 is guided to.element 18h of ;he.one photodiode
18, and the -~lst order diffracted light is guided to
element 19m of the other photodiode 19. In a similar
manner, the +/-~1st order diffracted light from segment 274
is guided to elements 18g and 191 of photodiodes 18 and 19;
that from segment 27c is guided to elements 18m and 18h;
and that from seément 27f is guided to elements 181 and
1%9g. The +/-1st order diffracted light from segments 27b
and 27e is also guided in parallel to the three center
segments 18i - 18k and 19i - 19k of the photodiodes 18 and
19. The size of the partial light spot formed on segments
18g, 18h, 181, and 18m, and 19g, 19h, 191, and 19m of the
photodiodes 18 and 19, respectively, is sufficiently
snaller than the afea of those segments, and the length of

the segments 18i - 18k and 19i - 19k in the direction
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parallel to the orientation of the photodiodes 18 and 19 is
sufficiently longer than the size of the segmented light '
spot received by said segments.

The basic operation from light emitting by the
laser diode 17 until the photo-electro-magnetic signal RF
is obtained is identical to that of the first embodiment
above and is therefore omitted below. Similarly to the
holographic diffraction grating 22 of the first embodiment,
the segmented holographic difffaction grating 27 of this
embodiment also has a lens efféct whereby the focal points
of +/-1st order diffracted light differ. As a result, the
focus error signal FE can be obtained by the difference
detection

FE = (18i + 18k + 19j) - (183 + 19i + 19k). [4)

In addition, if the interference region of the
diffracted light at the data tréck of the magneto-optical
recording medium 26 passes segments 27a, 27c, 274, and 27f
of the segmented holographic diffraction grating 27, the
tracking error signal TE can be cobtained by the difference
detection

TE = (18g + 181 + 19g + 191) -

(18h + 1em + 15h + 19m). [5]

As with the first embodiment above, it is
therefore possible by means of this second embodiment to

achieve a magneto-optical pick-up having high light
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utilizatiqn efficiency, a sufficient S/N ratio in the
photo-electro~magnetic signal, high reliability, high
durability, and a compact, low-cost construction. It is
also possible, however, to achieve a magneto-opfical pick-
up whereby the segmented light spot received by the
photodiode does not deviate froﬁ the respective receptor
elemgnt segments, i.e., the magneto-optical pick-up is
resistant to the effects of wavelength disturbance, even
when the wavelength of the emissions from the laser diode
17 varies due to external noise and the diffraction angle
of the segmented holographic diffraction grating 27 thus
fluctuates. This is because the size of the partial light
spot formed on segments 18g, 18h, 181, and 18m, and 19%q,
ioh, 191, and 19m of the photodiodes 18 and 19,
respectively, is sufficiently smaller than the area of
those segments, and the length of the segments 18i - 18k
and 19i ~ 19k in the direction parallel to the orientation
of the photodiodes 18 and 19 is sufficiently longer than
the size of the segmented 1i§ht spot received by said
segmnents.
{Embodiment 3]}

A third embodiment of a magneto-optical pick-up
according to the present invention is described below with
reference to Figs. 6 - 8. Note that like parts in this

embodiment and that described above are identified by like



references, and further detailed description thereof is
omitted below.

Fig. 6 and Fig. 7 are different side views of a
magneto-optical pick-up according to the third embodiment
of the invention, and.Fig. 8 is a plan view of the receptor
element and light-emitting element in this eﬁbodiment.

What differs between this embodimént as shown in
Fig, 6 and the first embodiment in Fig. 1 is the structure
of the photodiode 28 used in place of the photodiode 20,
and the structure of the flat polarizing diffraction
grating 29 used in place of the prism-type analyzer 24.
More specifically, the photodiode 28 is divided into three
elements 28a, 28b, and 28c in the direction perpendicular
to the orientation axis of the photodiodes 1§ and 19, and
the.polarizing diffraction grating 29 is made from lithium
niobate.

The flat polarizing diffraction grating 29
separates the light incident thereon into two mutually-
perpendiculaf linear polarizgd light components, emits one
of these linear polarized light components as zero order
light, and emits the other linear polarized light component
as +/-1st érder light. The polarizing diffraction grating
29 is provided on the surface of the transparent substrate
21 inside the optiéal module 15, and thus guides the zero

order light to segment 28b of the photodiode 28, and guides
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the +/-1st order light to photodiode segments 28a and 28c.
The basic operation from light emitting by the

laser diode 17 until the focus error signal FE and tracking
error signal TE are detected is identical to that of the
first embodiment above and is therefore omitted below,
except that the light reflected from the polarized light
separation plane 23a is reflected by the slope 23b, passes
the transparent substrate 21, and enters the optical médule
15 where it is incident on the polarizing diffraction
grating 29. Because the light incident on the polarizing
diffraction grating 29 is divided into t&o_mutually—
perpendicular linear polarized light components, emitted as
zero and +/-1st order light, and guided to the elements
28a, 28b, and 28c of the photodiode 28, the photo-electro-
magnetic signal RF can be obtained by the difference
detection

RF = (28a + 28c) ~ 28b. | {6}

As with the first embodiment above, it is

therefore possible by means of this embodiment to achieve a
magneto-optical pick-up having high light utilization
efficiency, a sufficient S/N ratio in the photo-electro-
magnetic signal, high.reliability, high durabiiity, and a
compact, lew-cost construction. It is also possible,
however, to further reduce the size of the magneto-optical

pick-up because the substrate 16 can be made smaller by
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using a photodiode 28 divided into three elements 28a, 28b,
and 28c in the direction perpendicﬁlar to the orientation
axis of the photodiodes 18 and 192, In addition, the
thickness of the magneto-optical pick-up caﬁ be further
reduced by using the flat polérizing diffraction grating 29
disposed on the surface of the transparent substrate 21
inside the optical module 15 as the analyzer. '

It is to be noted that while the flat polarizing
diffraction grating 29 is provided on the surface of the
transparent substrate 21 inside the optical module 15 in
this embodiment, the same effect can obviously be obtained
by providing the polarizing diffraction grating 29 between
the polarizing prism 23 and the transparent substrate 21.

[Embodiment 4]

A fourth embodiment of a magneto-optical pick-up
according to the present invention is described below with
reference to Figs. 9 - 11. Note that like parts in this
embodiment and that described above are identified by like
references, and further detailed description thereof is
omitted below.

Fig. 9 and Fig. 10 are different side views of a
magneto-optical pick-up according to the fourth embodiment
of the invention, and Fig. 11 is a plan view of the
receptor element and light-emitting element in this

embodinment.



What differs between this embodiment as shown in
Fig. 9 and the third embodiment in Fig. 6 is that the
polarizing prism 23 is not formed by bonding a prism with a
triangular cross section to a prism with a parallelogram
cross section, but rather by bonding together three
'triangular cross section prisms. The bonding surface
between the first triangular prism 230 and the second
triangular prism 231 forms polarized light_separation plane
23a. A thin polarized light divider 30 is used in place of
the flat polarizing diffraction grating 29, and is disposed
between the second triangular prism 231 and the third
triangular prism 232. This increases the distance between
the polarized light divider 30 and the photodiode 28, and
reduces the diffraction separation angle of the polarized
light divider 30. 1In other wofds, the polarizing prism 23
and the thin polarized light divider 30 used as the
analyzer are integrated. The polarized light divider 30 is
a polarized light-dividing diffraction grating made, for
example, from lithium niobate, and performs the same
operation as the polarizing diffraction grating 29 shown in
Fig. 6.

The basic operation from light éﬁitting by the
laser diode 17 until the photo-electro-magnetic signal RF,
focus error signal FE, and tracking error signal TE are

detected is identical to that of the first and third
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embodiments above and is therefore omitted below.
As with the first embodiment above, it is
therefore possible by means of this embodiment to achieve a
magneto-optical pick-up having high light utilization
efficiency, a sufficient S/N ratio in the photo-electro-
magnetic signal, high reliability, high durability, and a
compact, low—-cost construction. It is also possible,
however, to use a thin polarized light divider 30 that has
a small, easy-to-manufacture diffraction separation angle
because the distance between the photodiode 28 and the thin
polarized light divider 30 is great. This makes it
possible to further reduce the cost of the magneto~optical
pick-up. |
It should be noted that a thin Wollaston prism

can also be used for the thin polarized light divider 30.
‘A Wollaston prism operates to separate the incident light
into two mutually perpendicular linear polarized light
components, which it then emits as +1st order and -1st
order light. Thus, if the mggnéto~optical pick-up is
constructed such that the segment 285 6f the photodiode 28
receives the +1st order light and segment 28c receives the
~1st order light, the photo-electro-magnetic signal RF can
be obtained by the difference detection operation

RF¥ = 28a - 28c (7]

and segment 28b of the photodiode 28 is not needed. It is
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therefore possible to juxtapose segments 28a and 28c, thus
enabling further reductions in the size and cost of the
magneto-optical pick-up by reducing the required size of
the substrate 16;

(Embodiment 5]

A fifth embodiment of a magneto-optical pick-up
according to the present invention is described below with
reference to Figs. 12 and 13. Note that like parts in this
embodiment and that described above are identified by like
references, and further detai;ed description thereof is
omitted below. '

Fig. 12 is a conceptual side view of a magneto-
optical pick-up according to the fifth embodiment of the
invention, and Fig. 13 is a plan view of the receptor
element, light-emitting element, and analyzer in this
embodiment.

What differs between this embodiment as shown in
Fig. 12 and the first embodiment in Fig. 1 is that a
monitor photodioae 31 is provided on the substrate 16 as
the monitoring receptor element of the Claims; a reflecting
mirror 32 with a triangular cross section is provided on
the surface of the trapezoidal cross section polarizing
prism 23 opposite the slope 23b thereof. As a result, the
light emitted from the laser diode 17 and reflected by the

polarized light separation plane 23a is reflected by the
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reflecting mirror 32 to the monitor photodiode 31,

The basic operation from light emitting by the
laser diode 17 until the photo-electro-magnetic signal RF,
focus error signal FE, and tracking error signal TE are-
detected is identical to that of the first embodiment above

and is therefore omitted below. Because the transmittance

.and reflectivity of the polarized light separation plane

23a to P-polarized light are approximately 70% and 30%,
respectively, and the reflectivity to S-polarized light is
approximately 100%, approximately 30% of the light émitted
from the laser diode 17 is reflected by the polarized light
separation plane 23a, reflected again by the reflecting
mirror 32, and is incident on the moﬁitor photodiode 31.
It is therefore possible to detect the change in the light
guantity emitted from the laser diode 17 by detecting the
change in the 1light qﬁantity received by the monitor
photodiode 31.

As with the first embodiment above, it is
therefore possible by means of this embodiment to achieve a
magneto-optical pick-up having high light utilization
efficiency, a sufficient S/N ratio in the photo-electro-~-
magnetic signal, high reliability, high durability, and a
compact, low-cost construction.

It is also possible to determine within the

optical module 15 the change in the light gquantity emitted
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from the laser diode 17. This information can then be used
for feedback control of the light guantity emitted from the
laser diode 17 based on the detected light quantity change,
and a magneto-optical pick-up with stable performance can
be obtained.

{Embodiment 6]

A sixth embodiment of a magneto-optical pick-up
according to the present invention is described below with
reference to Figs. 14 and 15. ﬁbte that like parts in this
embodiment and that described above are identified by like
references, and further detailed description thereof is
omitted below.

Fig. 14 is a conceptual side view of a magneto-
optical pick~up according to the sixth embodiment of the
invention, and Fig. 15 is a plan view of the receptor
element and light-emitting element.

What differs between this embodiment as shown in
Fig. 14 and the embodiment in Fig. 6 is that a second
polarized light separation plane 23c¢ is provided between
the slope 23b and the first polarized light separation
plane 23a of the polarizing prism 23; the flat polarizing
diffraction grating 29 and photodiode 28 are provided not
below the slope 23b, but below tﬁe second polarized light
separation plane 23c; and a photodiode 33 divided in the

same direction as the orientation axis of the photodiodes
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18 and 19 to form elements 335 and 33b is provided below
the slopg 23b. The transmittance of the second polarized
light separation plane 23c to P-polarized light is
approximately 30%, the reflectivity to P-polarized light is
approximately 70%, and the reflectivity to S~polarized
light is approximately 100%.

The photodiodes 18 and 19 are also divided
perpendicularly to the orientation axes thereof into three
elements 18n, 180, and 18p, and 19n, 190, and 19p. The
length of each of these elements parallel to the
orientation axis of the photodiode'is sufficiently greatef
than the diameter of the light spots formed on the
photodioddes.

The operational difference between the embodiment
shown in Fig. 14 and that in Fig. 6 is that the foéus error
signal FE and the tracking error signal TE are detected by
different photodiodes. As in the embodiment shown 'in Fig.
6, the focus error signal FE is obtained by the difference
detection operation ‘

FE = (18n + 18p + 196) - (180 + 19n + 19p). (8]
The tracking error signal TE is obtained by the difference
detection opefation

TE = 33a - 33b ' (9]
because only approximately 30% of the light from the

polarized light separation plane 23a incident on the second
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polarized light separation plane 23c passes, is reflected
by the slope 23b, and is incident on the photodiode 33,

The photo-electro-magnetic signal RF is obtained
as described with reference to FPig. 6, and is here omitted.

As with the first embodiment above, it is
therefore possib;e by means of this embodiment to achieve a
magneto-optical pick-up having high light utilization
efficiency, a sufficient S§/N ratio in the photo-electro-
magnetic signal, high reliability, high durability, and a
compact, low-cost construction. In addition, by detecting
the focus error signal FE and the tracking error signal TE
using different photodicdes, it is only necessary to divige
the photodiodes 18 and 19 receiving the +/-1st order light
diffracted by the holographic diffraction grating 22 into
three segments, rather than the six shown in Fig. 8, in
order to detect the focus error signal FE. As a result,
the electrical wiring from each element on the substrate 16
is simplifiéd, and a lower cost can be achieved.

It is also possible'to achieve a magneto-opticall
pick-up whereby the segmented light spot received by the
elements 18n — 18p and 19n - 19p of the photodiodes 18 and
19 does not deviate from the respective receptor element
segments, i.e., the maéneto-optical pick-up is resistant to
the effects of wavelength disturbance, even when the

wavelength of the emissions from the laser diode 17 varies



- 3] -

due to external noise and the diffraction angle of the
segmented holographic diffraction grating 27 thus
fluctuates. This is because the length of the segments in
"the direction parallel to the orientation of the
‘photodiodes 18 and 19 is sufficiently greater than the
diameter of the segmented light spot received by said
segments,

There is also less light loss when light is
received by the photodiodes because there are fewer
dividing lines in each photodiode used for error detection.
As a result, a magneto-optical pick-up with a stable error
detection operation can be achieved.

[Embodiment 7]

A seventh embodiment of a magneto—-optical pick-up
according to the present invention is described below with
reference to Figs. 16 and 17. Note that like parts in this
embodiment and that desc;ibed above are identified by like
references, and further detailed description thereof is

omitted below. _

Fig. 16 is a conceptual side view of a magneto-
optical pick-up'according to the seventh embodiment of the
invention, and Fig. 17 is a plan view of the receptor
element and light-emitting element in this embodiment.

As shown in Fig. 16, the holographic diffraction

grating 22 and the photodiodes 18 and 19 arrayed on
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opposite sides of the laser diode 17 are eliminated in this
embodiment. A polarizing holographic diffraction grating
34 is disposed internally to the polarizing prism 23 with a
photodiode 35 disposed in a position receiving the 0-order
light passed by the polarizing holographic diffraction
grating 34, a photodiode 36 similarly positioned to receive
the +1st order light, and another photodiode 37 positioned
to receive the -1st order 1light.

The polarizing holographic diffraction grating 34
is made, for example, from lifhium niobate, separates the
iight incident thereon inté two mutually-perpendicular
linear polarized light components, emits one of these
linear polarized light components as zero order light, and
emits the other linear polarized light component as +1st or
-~1ist order light. The polarizing holographic diffraction
grating 34 has a‘ lens effect Qhereby the focal points of
+1st order and -1lst order diffracted light differ. As a
result, the +1st order diffracted light is focused, for
example, at a point closer to the polarizing holoéraphic
diffraction grating 34 than the photodiode 36, and the -1st
order diffracted light is focused at a point beyond the
photodiode 37. In addition, the 0-order light is not
focused on the other photodicde 35. As a resﬁlt of these
focal point differences, the diameters of the light spots

formed on the +/-1st order light photodiodes 36 and 37
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differ, and the sizes of these photodiodes 36 and 37 are
also varied in order to correctly obtain the focus error
signal FE. The photodiodes 36 and 37 are divided into
three elements 36a - 36c and 37a - 37c, respectively, in
the direction perpendicular to the orientation axis of the
photodiodes, and the other photodiode 35 is divided into
two elements 35a and 35b in the direction parallel to the
orientation axis of the photodiodes 36 and 37.

The basic operation of this embodiment is
identical to that of the preceding embodiments, and further
description is therefore omitted. However, it should be
noted that the photo-electro-magnetic signal RF is obtained
by the difference detection operation

RF = (35a + 35b) -

{(36a + 36b + 36c) + (37a + 37b + 37c)}, [10]
the focus error signal FE is obtained by the difference
detection operation '

FE = (36a + 36c + 37b) - (36b + 37a + 37c) [11]
and the tracking error signal TE is obtained by the
difference detection operation

TE =_35a - 35b ' [12]

As with the first embodiment above, it is
therefore possiblé by means of this embodiment to achieve a
magneto-optical p'ick—up having a sufficient S/N ratio in

the photo-electro-magnetic signal, high reliability, high
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durability, and a compact, low-cost construction. The
light utilization efficiency is also further improved
because there are no light-dividing elements such as
diffraction gratings in the light path betwéen the laser'
diode 17 and magneto-optical recording medium 26 other than
the polarizing prism 23. )

By detecting the photo-electro-magnetic signal
RF, focus error signal FE, and tracking error signal TE
with common photbdiodes 35 - 37, the area of the substrate
16 occupied by photodiodes can be reduced, and the size and
cost of the magneto-optical pick-up can therefore also be
further reduced.

[(Embodiment 8) '

A seventh embodiment of a magneto-optical pick-up
according to the present invention is described below with
reference to Figs. 18 and 19. Note that like parts in this
embodiment and that described above are identified by like
references, and further detailed description thereof is
omitted below.

Fig. 18 ié a conceptual side view of a magneto-
optical pick-up according to the eighth embodiment of the
invention, and Fig. 19 is a plan view of the receptor
element and light-emitting element in this embodiment.

Fig. 18 is basically a combination of Fig. 3,

Fig. 6, and Fig. 12. The difference is that the reflecting



mirror 32 and polarizing prism 23 shown in Fig. 12 are
integrated and use the reflecting surface 234 in common.

The essential configuration and basic operation
of this embodiment are identical to those of the first,
second, third, and fifth embodiments, and further
description is therefore omitted.

It is therefore possible by means of this
embodiment to achieve a magneto-optical pick—up having high
light utilization efficiency, a sufficient S/N ratio in the
photo-electro-magnetic signal, high reliability, high
durability, and a compact, low-cost construction. It is
also possible to determine the change in light quantity
enitted from the laser diode 17,.and to therefore achieve
high performance completely unaffected by waveiength
variations. By integrating the reflecting mirror 32 and
polarizing prism 23, the number'of optical components is
also reduced, thereby further reducing the cost and number
of assembly steps required.

By integrally disposing the laser diode 17,
photodiodes 18, 19, and 28, and the monitor photodiode 31
oh a single substrate 16, circuit connections on the
substrate 16 are also simplified, the cost of the means for
connecting the magneto-optical pick-up to external -
components and the cost of the subgtrate 16 can be further

reduced, and a magneto-optical pick-up with strong
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resistance to noise can be achieved.
[Effects of the invention]

As described hereinabove, a magneto-optical pick~
up according to the present invention integrates the
optical module with the polarizing prism of which the
reflectivity and transmittance of P-polarized light and s-
polarized light differ. It is therefore possible to
achieve a compact, high light utilization efficiéncy
magneto-optical pick-up assuring a sufficient S/N ratio in
the photo-electro-magnetic signal. By further integrating
the analyzer with the optical module or providing the
analyzer within the'bptical module, an even more compact,
low cost magneto-optical pick~up can be achieved.

By sealing the optical module, the reliability
and durability of the magneto-optical pick-up can also be
further improved.

The invention being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such
modifications as would be obvious to one skilled in the art
are intended to be included within the scope of the

following clains.



WHAT IS CLAIMED IS

1. A magneto-optical pick-up comprising

an optical module comprising an integral light-
emitting eleﬁent.and receptor element having plural light
reception areas, and a diffraction grating on the light
incidence/emissiqn plane;

a condensing element for irradiating light
emitted from said light-emitting element to said
information recording medium;

a polarizing prism provided integrally to said
optical module in the light-path between said light-
emitting element and said condensing element, and having
the reflectivity and transmittance differing for P-
polarized light and S-polarized light; and

an analyzer provided internally or integraliy to
said optical module for dividing the light reflected by or
passed through said polarizing prism into light having at
least two mutually-perpendicular polarization components,
and guiding the divided light to said receptor e;ement
having plural light reception areas.

2, The magneto-optical pick-up according to Claim 1
wherein said light-emitting element and receptor element
having ‘plural light feception areas are arrayed on the same

substrate.

3. The magneto-optical pick-up according to Claim 1

. ) )
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wherein said light-emitting element, said receptor element
having plural light reception areas, and said analyzer are
arrayed on the same substrate.

4. The mﬁgneto-optical piék—up according to Clain 1
wherein said diffraction grating has a lens effect.

5. The magneto-optical pick-up according to Claim 1
wherein said diffraction grating has a lens effect, and is
divided into plural areas of differing patterns.

6. The-magneto—optical pick-up according to Clainm 1
wherein said analyzer is a polarizing diffraction element
or Wollaston prism.

7. The magneto-optical pick-up according to Cl;im 6
wherein said polarizing prism and analyzer are integrally
comprised.

8. The magneto-optical pick-up according to Claim 1
further comprising internally to said optical module a
monitoring receptor receiving part of the light emitted
from said light-emitting element and reflected or passed by
said polarizing pfismt

9. The magneto-optical pick-up according to Claim 6
wherein said polarizing prism has at least two polarized
light separation planes of which the reflectivity and
transmittance differ for P-polarized light and S-polarized
light.

10. A magneto-optical pick-up comprising .

TR A
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an optical module comprising an integral light-
emitting element and receptor element having plural light
reception areas;

a condensing element for irradiating light
emitted from said light-emitting element to an information
recording medium;

a polarizing prism provided integrally to said
optical module in the light path between said light-
enitting element and said condensing element, and having
the reflectivity and transmittance differing for P-
polarized light and S-polarized light; and

a polarizing diffraction element provided
integrally td said optical module and polarizing prism,
dividing the light reflected by the information recording
medium and passed again through said condensing element
into light having at least two mutually-perpendicular
polarization components, and guiding tﬁe divided light to
sald receptor element having plural light reception areas.
1. A magneto-optical pick-up comprising

a receptor element having plural light reception
areas;

a light-emitting element provided on
substantially the same plane as said receptor element;

a condensing element for irradiating light

emitted from said light-emitting element to an information

e



recording medium;

a roughly trapezoidal polarizing prism provided
in the light path between said light-emitting element and
said condensing element, and having a polarized light
separation plane of which the reflectivity and
transmittance differ for P-polarized light and S-polarized
light;

_ a monitoring receptor provided on substantially
the same plane as said receptor element and receiving light
emitted from said light-emitting.element and reflected by
an inclined plane and polarized light separation plane of
said polarizing prism;

a transparent substrate comprising a diffraction
zone having plural different-pattern separation zones each
having a lens effect, and guiding light reflected from the
information fecording medium, passed again through said
condensing element, and then passed through the polarized
light separation plane of said polarizing prism to one of
the plural reception areas of said receptor element; and

an analyzer dividing the light reflected from the
information recording medium, passed again through said
condensing element, and reflected by an inclined'plane and
polarized light separation plane of said polarizing prism
into light having at least two mutually-perpendicular

polarization components, and guiding the divided light to

R0 L
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one area of said receptor element having plural light
reception areas; and

wherein said receptor element having plural light
reception areas, light-emitting element, monitoring
receptor, and analyzef are installed inside a housing,

said housing’is sealed with a transparent
substrate, and

said polarizing prism is disposed integrally to
said transparent substrate.
12. The magheto-optical pick-up according to Claim 11
wherein an inert gas is filled in said housing sealed by

said transparent substrate.
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