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OPTICAL PICK-UP DEVICE COMPOSED OF COMPOSITE PRISM MADE OF

UNIAXIAL CRYSTAL AND NON-AXIAL CRYSTAL

Background of the Invention
1. Field of the Invention

The present invention relates to an optical pick-up
device used 'for a magneto—-optic disk device énd.an gptical
disk device and the like, more specifically aims to ;educe a
number of the parts and shorten length of an op;ical path in
an optical system by using a composite prism composed of two
prisms, polarization film and a grating.
2. Background of the Invention

Generally, an optical pick—-up device used for a
magneto—-optic disk device and an optical disk device and the
like, is provided with an optical system for detecting RF
signal from a recording medium, an opfical system for
detecting a focu; error, and aﬁ optical system for detecting a

tracking error.

. In thé above-mentioned oﬁkical system of the optical
pick—-up device, for example, as shown in Fig.i, an optical
system is arranged on a going path for inputting a light to a

recording medium 2. The optical system arranged on the going

path is constituted by a light source 1 for a laser light, and
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a collimator lens 3 arranged on an optical axis.connecting the
light source 1 and the reéording medium 2, a first
p&larization beam splitter 4 and a first convex lens 5. Then,
the light emitted from the light source 1 ;s collimated by the
collimator lens 3,'transmitted through the first polarization
beam splitter 4, inputted to the first convex lens 5%, and
converged on the recording medium 2 by the first convex lens
. . : g‘

Further, in the optical system of the optiea{ pick-up
device, an optical system is arranged on a returning ﬁath for
detecting the return light reflected by the recording medium
2. The optical system arranged on the réturning path aims to
detect the return 1light from the recording medium 2, which is
taken out from the first polarizatidn beam splitter 4. On an
optical axis of the return light reflected qn the first
polarization beam splitter 4 are disposed a half wave plate 6,
a second convex lens 6, a concave lens 8, a second
polarization beam splitter 9, and further a two—-divided photo
detector 10 for detecting the light which is transmitted
through the second polarization beam splitter 9, and a
four—~divided photo detector 12 for detecting the light

reflected on the second polarization beam splitter 9 through a

¢ylindrical lens 11.
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The return light reflected_on the first polarization beam
splitter 4, after polarization plane is rotated by 45 degrees
by the half wave plate 6, is converged at a predetermined
focal length by the second convex lens 7 and the convex lens
8, andainputted to the second polarization beam splitter 8.
Then, the light transmitted from tﬁ; second polarization beam
splitter 9 is detected, as it is, by the two-divided photo
detector 10. The light reflected from the second palarization
beam splitter 9 causes astigmatism because of the cylindrical
lens 11 and thereby is detected by the four—-divided photo
detector 12.

On this occasion, the two—divided photo detector 10 aims
to detect a tracking error signal by means of a push-pull
method, and the four-divided detector 12 aims to detect a
focus error signal by means of an astigmatism method.

Further, the four-divided photo detector 12 is used for
detécting £he RF signal from the recording medium 2.

In the above-mentioned optical pick—up device, for
example, the cylindrical lens 11 is necessary for detecting
the focus error signal. Further, the first convex lens and
the concave lens need to be combined with each other, in order
to increase a magnification when detecting the return light by

means o0f-the two-divided photo detector 10 and the
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four~divided photo detectoralz, so that many parts are
necessary. Then, since the producing cost becomes high as the
number of the parté is increased, it is desirable to reduce
the numbef of the parts. °

Further, in the above mentioned optical pick—up device,
the first convex lens and the concave lens need to be combined
with each other in ofder to increase the magnification when
detecting the return light by means of the two—diviﬁed photo
detector 10 and the four-divided photo detectOrllz. Howevér,
in a case where ﬁhe first convex lens and the concave lens are
combined with each other in such a way, length of an optical
path in the optical éystem on the returning path becomes
excessively long.- And, the excessively long optical path in
the optical system disturbs miniaturization of the device.
Therefore, the optical pick—up device which .can constitute the
optical system having the shorter optical path is desirable in
order to miniaturize the device.

Moreover, as the optical pick-up device which can
constitute the optical system having a small number of the
parts and the short op£icél pafh, there is proposed the device
employing a hologram optical element having a polarization
selection property. However,.the'hologram optical elemeni is

inferior in an extinction ratio and inferior in mass
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productivity, so that there is still a problem, when actually
using the device employing such a hologram optical element.
Furthermore, the device employing the hologram optical element
has not the polarization beam splitter, which does not bring
the enhancing effect. As a result, signal performance such as
C/N ratio or the like, is degraded compared with the case in

which the polarization beam splitter is used .as mentioned

"

above.
The present invention is proposed in view of the above
mentioned circumstancés. It is therefore an object of the
present invention to provide an optical pick—-up device which
constitutés an optical system having a small number of parts
and a short optical path without employing a hologram optical

element.

Summary of the Invention

The present invention provides to an optical pick-up
device for radiat%ng an optical beam onto a recording medium
and &etecting the return light reflected from the recording
medium and thereby reading out a signal from the fecording
medium, including a light emitting section for emitting a
lasef light, a first optical element made of non-axial crystal

material to which the light emitted from the light emitting
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section is inputted, a second optical element made of uniaxial
crystal material adhered to the first optical element through
polarization fil@, a first detector for defecting the light
passed through the second optical element, after the light
_ emitted from the light emitting section is reflected on the
polarization film through the first optical element, and the
light reflected on the polarization film is padiated‘onto the
recording medium, and the light reflected from the ?gqording
medium is inputted again to .the first optical element and is
also transmitted through the polarization film and inputted to
the second optical element; a grating disposed on an optical
path of the light reflected from the recording medium; and a
second detector whérein the light emitted from the light
emitting section is passed through the first optical element
and the light transﬁitted.through the polarization film is
radiated through the second optical element.

Further, the present invention provides an opticﬁl
pick—-up device for radiating an optigal beam onto a recording
medium and detecting the return light reflected from the
'recording medium and théreby readihg out a signal from the
recording medium, including a light emitting section for
emitting a laser light; a firsf optical element made of

non-axial crystal material to which the light emitted from the
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light emitting section is inputted; a second optical element
made of uniaxial crystal material adhered to the first optical
eiement through polarization film; a grating for diffracting
an extraordinary ray and an ordinary ray, after the light
reflected on the polarization film through the first optical
element is radiated onto the recording medium, and also the
light reflected from the recording ﬁedium is inputted again to
the polarization film through the first optical ele%gnt, and
transmitted through the polarization film and inputted to the
second optical element, and then separated into the extraor—
dinary ray and the ordinary ray through the second optical
element; a first detector for detecting 0 o;der ray, + primary
ray and — primary ray which are difffacted through the
grating; and a second detector wherein the light emitted from
the light emitting section is radiated through the first
optical element and the light transmitted through the
polarization film is radiated through the second optical
eiement.

The above and other objects, features and édvantages of
the present invention will become more apparent from the
following detailed description with reference to fhe

accompanying drawings.



Brief Description of the Drawings

Fig.l is a plan view of one constituent example according
to a conventionai optical pick—up device;

Fig.2 is a side view of one example of a composite prism
viewing from above of the prism; o

Fig.3 is a side view of the composite prism shown in
Fig.2;

Fig.4 is a diagrammatic view of the composite $rism shown
in Fig.2, which shows a relation between a polarization
direction due to polarizatioh film and an qptical axis of a
second prism;

Fig.5 is a diagrammatic side view of a main part of one
example of the optical pick—up device and a recording medium
according to the present invention;

Fig.ﬁ.is a diagrammatic side view of the main part of the
optical pick—up device and the recording medium shown in
Fig.5, viewing from above;

Fig.7 is a plan view sbowing one constituegt example of
the optical pick—up device-aéconding to the preseﬁt invention;-
Fig.8 is a plan view showing one example of a second

light detecting device and a spot pattern;

Fig:9 is a plan view,showihg another example of a second

light detecting device and a spot pattern;
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Fig.10 is a plan'view of another example of the composipe
prism according to the present invention, viewing from a side
of the grating;

Fig.11l is a plan view of the composite prism shown in
Fig.10, viewing from above;

Fig.1l2 is a plan view showing another example of a second
light detecting device and a spot pattern;

Fig.13 is a side view showing still another example of
the composite prism; ' -

Fig.14 is a plan view of the composite prism shown in
Fig.13, viewing from above;

Fig.1l5 is a plan view showing another constituent example

of the optical pick—up device according to the present

invention;

Fig.16 is a plan view showiné the optical pick—up device
according to the present invention, wﬁich is enlarged in the
vicinity of the composite prism;

Fig.17 is an enlarged plan view showing a main part of
still another constituent example of the optical pick-up
device according to the present invention;

Fig.18 is an enlarged plan view showing a main part of
further another constituent example of the optical pick-up

device according to the present invention; and
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Fig.lg is a plan view showing one example of a second
light detecting device and a spot pattern, to which a three

spot method is applied.

Detailed Description of the Preferred Embodiments

Actual embodiments in accordance Qith the present
invention will be described in detail with reference to the
dfawings. "

At first, an embodiment of a composite prism used’'in an
optical pick—-up device according to the present invention will
be described hereinbelow.

_'As shown ih Figs.2 and 3, the composite prism of this
embodiment comprises a coupled prism 23 in which a first
rectangular prism 21 and a second rectangular prism 22 are
adhered to each other thiough polarization film (not shown),
and a grating 24 adhered to this coupled prism 23.

The first rectangular prism 21 mentioned above is made of
non—axial crystal material such as glass and the like. On the
other hand, the secoﬁd rectangular prism 22 is substantially |
identical in shape with tﬁe first rectangular prism 21, and is
made of uniaxial crystal material. A relation between a
refractive index ng of the first rectangular prism 21, an

ordinary ray refractive index n0 of the second rectangular
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prism 22 and an extraordinary ray refractive index ne of the
sécond rectangular prism 22 i; represented by the equation n0
< ng < né, or ne < ng < no.

Then, the coupled prism 23 is made in such a manner that
the first rectangular prism 21 and the second rectangular
prism 22 are abutted to each other at their respective sloping
surfaces through the polarization film. Accordingl&, the
second rectangular prism 22 is shaped in a substant?ally
rectangular parallelepiped, and has a first plane 23a and a
second plane 23b on.a side of the first rectangular prism 21,
and a third plane 23c and a fourth plane 23d on a side of the
second rectangular prism 22.

The polarization film interposed between the first
rectangula? prism 21 and the second rectangular prism 22 is
composed of dielectric multi—-layer. This podérization film is
arranged, as shown in FIG.4 viewing this composite prism from
a side of the fourth plane 23d, in~such a manner that an angle
8 'contained by an optical axis 22a of the second rectangular
prism 22 and a polarization direction 22b of the light
inputted to the second rectangula; brism 22 is 45 degrees when
the light is transmitted through this polarization film and

inputted to the second rectangular prism 22.

Further, the grating 24 attached to the second
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rectangular prism 22 is attached on the fo;rth plane 23d of
the coupled prism 23 to diffract the light emitted from the
second rectangular prism 22.

In this composite prism, the light inputted from the
second plane 23b gets the enhancing effect when transmitted
through the p&larization film, and then is separated into the
ordinary ray LI and £he extraordinary ray LJ by the second
prism 22, as shown in Fig.2. The ordinary ray LI ;nd the
extraordinary ray LJ are, as shown in Fig.3, diffracted by the
grating 24, and are separated respectively into O order rays
LI0 and LJO, + primary rays LI1 and LJ1 and - primary rays LI2
and LJ2. However, not less than % secondary rays of the
diffraction rays are negleéted.

An embodiment of the optical pick-up device’ employing
such a composite prism will be described hereinafter.

As shown in Figs.5 and 6, an optical pick—up device 31 in
accordance with the present embodiment is suitable for an
magneto—optic disk device, an optical disk dgvice or the like
which inputs the light to a recording medium 32 such as a
magneto—optic disk, an optical disk or the like and reads out
the signal transmitted from the recording medium 32 based on
the reflected light, and hence serves both as an optical

system for detecting an RF signal emitted from the recording
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medium 32, as an optical system for detecting a focusing
error, and as an optical system for detecting a tracking
error.

This opticél pick—up device comprises, as.shown in Fig.7,
a light source 41 for emitting a laser light, a composite
prism 42 arranged, as mentioned above, in such a manner that
the laser light emitted from the light source 41 is inputted
from the first plane 23a, a lens 44 for converging ?he light
emitted from the second plane 23b of the composite prism 42 on
the recording surface 43a of the recording medium 43, a first
light detecting device 45 for detecting the light emitted from
phe third plane 23c¢c of the composite prism 42, and a second
light detecting device 46 for detecting the light emitted from
the fourth plane 23d of the composite prism 42,

In this oétical pick—up device, the laser light emitted
froh the light sourcé 41 in order to read out the signal from
the recording medium 43 is inputted from the first plane 23a-
to the composite prism 42, which seﬁarates the inputted laser
light into the light which is reflected on polarization film
surface 23e of the composite prism 42 and then emitted from
the second plane 23b, and the ligpt which is transmitted
through the polarization film surface 23e of the composite

prism 42 and then emitted from the third plane 23c.
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The light emitted from the third plane 23c¢ of the
composite prism 42 is detected by the first light detecting
device 45. The first light detecting device 45 is provided
with a photo detector and is used to monitor power of the
laser light emitted from the light source 41. That is, the
fifst light detec£ing device 45 detects quantity of the light
emittéd from the third plane 23c¢c of the composite prism 42,
and controls the power of the laser light emitted f;om the
light source 41 based on the detected quantity of the light,
so that the power of the lasgr light can be always controlled
at a suitable level.

On the other hand, the light emitted from the second
plane 23b of the composite prism 42 is conyerged on the
recording surfacé 43a of the recording medium 43 by the lens
44, The light inputted to the-recording medium 43 as
mentioned above is reflected from the recording medium 43 and
returned again to the compbsité prism 42 through the lens 44.
The return light whicﬁ is reflected by the recording medium 43
as mentioned above is inputted to thé composite prism 42 from
the second plane 23b, and passed through.the first prism 21,
the polarization film, the second prism 22 and the grating 24,

and emitted from a side of the fourth plane 23d, and detected

by the second light detecting device 46. As described later,
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a tracking direction of the recording medium 43 is
perpendicular to a separating direction of the ordinary ray LI
and the éxtraordinary ray LJ which are separated by the
composite prism 42.

The light returning from the recording médium 43 gets the
enhancing effect when transmitted through the'polarization

film, and separated into the ordinary ray LI 'and the

extraordinary ray LJ by tﬁe second prism 22. The ordingry ray
LI and the extraorainary ray LJ are diffracted By the grating
24 and separated into the 0 order rays LIO and LJO, the +
primary'rays LI1 and LJ1, and the — primary rays LI2 and LJ2.
However, not less than % secondary rays of the diffraction
rays are neglected;

The light returning from the recording medium 43 is
passed through the composite prism 42, and thereby separated
into six rays including the 0 order ray LIO, the + primary ray
LI1 and the — primary ray LI2 of the ordinary ray LI, and the
0 order ray LJO, the + prithary ray LJ1 and the — primary ray
LJ2 of the extraordinary ray LJ. The separating direction of
the ordihary ray LI and the extraordinary ray LJ and the
"direction diffracted -by the grating 24 are perpendicular to
each other in such a manner th;tlthe 0 order ray LJO, the +

primary ray LJ1 and the - primary ray LJ2 of the extraordinary
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ray LJ are emitted blow tﬁe 0 order ray LIO, the + primary ray
LIl and the -~ primary ray LI2 of the ordinary ray LI,.
respectively. The separating direction of the ordinary ray LI
and the extraordinary ray LJ corresponds to the tracking
direction of the recording medium 43 és described above.

The second light detect%ng device 46 for detecting these
six ray is arranged in such a manner that the 0 order rays LIO
and LJO are focused on the second light detecting d;vice 46,
the + primary rays LI1 and LJ1 are focused on a front side of
the second light detecting device 46, and the — primary rays
LI2 and LJ2 are focused on a rear side of the second light
detecting device 48. However, it is allowable that the
focusing positions of the + ppimary rays LIl and 1.J1 and the
focu§ing positions of the — primary rays LI2 and LJ2 are set
reversely. That is, it is allowable that the focusing
pésitions of the - primary rays LI2 and ﬁJz are set on the
front side of the second light detecting device 46 and that
the focusing positions of the + primary rays LI1 and LJ1 are
set on the rear side of the second light detecting device 48.

| As shown in Fig.8, the second light detecting device 46
is composed of three-divided photo detectors A, B and C

arranged on an optical axis of the'+ primary ray LJ1 of the

extraordinary ray LJ for detecting the + primary ray LJ1 of

<]
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the extraordinary ray LJ, a photo detector D arranged on an
optical axis of the + primary ray LIl of thé ordinary ray LI
for detecting the + primary ray LIl of the ordinary ray LI,
three—divided photd detectors E, F.and G arranged on an
'optical axis of the - primary ray LIZ2 of the ordinary.ray LI
for detecting the — primary ray LI2 of the ordinary ray LI, a

photo detector H arranged on an optical axis of the — primary

‘s

ray LJ2 of the extraordinary ray LJ for detecting the -
primary ray LJ2 of the extraordinary ray LJ, a photo detector
I arranged on an optical axis of the 0 order ray LJO of the
extraordinary ray LJ for detecting the 0 order ray LJO of the
extraordinary ray LJ, and a photo detector J arranged on an
optical axis of the 0 order ray LIO of the ordinary ray LI for
detecting the 0 order ray LIO of the ordinary ray LI.

Further, Fig.8 shows an example of a spot pattern and a
polarization condition of eac£ of the rays at light receiving
surface of the second light detecting device 46. That is, the
spot pattérn of each of the rays is shaped in a point for eac@
of the 0 order rays LIO and LJO of the ordinary ray LI and the
extraordinary ray LJ; since they are focused og the light
receiving surface of the photo detectors I and J, and is
shaped in & predetermined expanse for each of the + primary

rays LI1 and LJ1 and the — primary rays LI2 and LJ2 of the
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ordinary ray LI and the extraordinary ray LJ, since they are
not focused on the light receiving surface of the bhoto
detectors A, B and C, the photo detector D, the photo
detectors E, F and G and the photo detectof_H. The
polarization direction LIa for the ordinary ray LI and the
polarization direction LJa for the extraordinary ray LJ are
perpendicular to each other.

The three-divided photo detectors A, B and C f;r
detecting the + primary ray LJ1 of the extraordinary ray LJ
and the three—-divided photo detectors E, F and G for
detecting the — primary ray LI2 of the ordinary ray LI are
arranged in such a manner that centers of the spots are
positioned on the pgoto detector B and the photo detector F
which are centered respectively, when the focusing and the
tracking to the recording medium 43 are normal.

When the light quantities detected by the photo detec%ors
A, B, C, D, E, F, G, H, I and J constituting the second light
detecting device 48 aré referred to as a, b, ¢, d, e, f, g, h,
i and 3, the RF signal from Fhe recording medium 43, the
focusing error signal and the tracking error signal are
obtained as described below.

That is,‘the focusipg error signal is obtained by.the

following equation (1).
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Focusing Error Signal = (a + ¢ — b) — (g + e ~ f)

(1)

Further, the tracking error signal is obtained by the
following equation {2) as the push-pull signal.

Tracking Error Signal = (a - ¢c) + (e - g)

(2) | ‘

When the magnetp—opt{c disk and the like are used as the
recording medium, and this optical pick—up device i;‘applied
to the magneto—optic disk device'and the like for reading out
the RF signai based on polarization condition of the light
reflected from the recording medium, the magneto—optic signal
which is a reconstruction signal is obtained by difference
between the light quantity of the ordinary ray LI and that of
the extraordinary ray LJ in which the ordinary ray LI and the
polarization direction are perpendicular to each other.
Therefore, the magneto—-optic signal can be obtained by the
following equation (3).

Optical—-Magnetic Signal = (i + h) — (i + d)
.. (3)

Further, when the magneto—optic disk and the like are
used as the recording medium, and this optical pick-uﬁ device
is applied to the magneto—optic disk device and the like for

reading out the RF signal based on strength of the light
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reflected from the recording medium, the light signal which is
the reconstruction signal is obtained by the following
equation (4)..
Light Signal = (i + h) + (i + d)
(4)
However, in the equations i3) and {4), h and 4 are not
always necessary. The magneto—optic signal and the light

signal are obtained by the following equations (5} and {(6).
Optical—-Magnetic Signal = i — § —
(5) |
Light Signal = 1 + j
. .(8)
Each of the phbto detectors I and J for detecting the O
order rays LIO and LJO, each of which is of a center at the
time of detecting the RF signal, is composed of a single photo

detector and not composed of the divided photo detector.

Accordingly, there is an advantage that noise is hardly

génerated when the 0 order rays LIO and LJO are detected, and

hence this optical pick—up device can detect the RF signal
highly sensitively.

Incidentally, in the above mentioned embodiment, although
the bhoto detectors I and H are provided separately from each

other, it is allowable that .they are integrated into the
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single photo detector. Similarly, although the photo
detectors J and D are provided separately from each other, it
is allowablie that they are integrate& into the single photo
detector. ‘

Further, in the above mentioned embodiment, the tracking
direction T of the recording medium 43 is adapted to be the

separating direction of the ordinary ray LI and the

extraordinafy'ray LLJ. However, it is allowable the tracking
direction T of the recordiﬁg medium 43 is adaptéd to be
.perpgndicular to the separating direction of the ordinary ray
LI and the extraordinary ray LJ. On this ogcasion, the
signals except the tracking error signal can be detected
similarly to the case of the above mentioned optical pick-up
device. However, in order to detect the tracking error
signal, it is necessary that the photo detector D is made ihto
a. two—divided photo detector composed of the photo detectors
Di and P2 and that the photo detector H is made into the
t&o-divided photo detector compqsed of the photo detectors H1l .
and H2, as shown Fig.3. When the light quantities detected
by the photo detectors D1, D2, Hl and H2 are referred to as
dl, 42, hl and h2, respectively, the trécking error signal is
obtained by the following equation (7) as the push-pull

signal.
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Tracking Error Signal = (dl - d2} + (hl - h2)

(7)

Further, in the above mentioned embodiment, the
separating direction of the ordinary ray LI and the
extraordinary ray LJ is adapted to be perpendicular to the
direction diffracted by the grating 24. However, as shown in
Fig.1l0, it is allowable that the grating 24 is rota}ed by 90
degrees to match the separating direction of the ord{nary ray
LI and the ext}ao?dinary ray LJ with the direction diffracted
by the'grating 24 so that the 0 order ray LIO, the + primary
ray LI1 and the — primary ray LI2 of the ordinary ray LI, and
the 0 order ray LJO, the + primary ray LJ1 and th; —~ primary
ray LJ2 of the extraordinary ray LJ are emitted in a line. On
this occasion? as shown in Fig.l1ll, the rays emitted through
the grating 24 from the composite prism 45 are aligned in a
line in the order of the - primary ray LI2 of the ordinary ray
LI, the — primary ray Liz of the extraordinary ray LJ, the O
ofder ray LIO of the.ordinary ray LI, the O order ray LJO of
the extraordinary ray LJ, the + primary ray LI1 of the
ordinary ray LI and the + primary ray LJ1 of the extraordinary
ray LJ. At this time, as shown in Fig.12, the respective
photo detectors A to J in the second light detecting device 45

are arranged in a line so as to correspond to these six rays,
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so that the RF signal, the focusing signal.and the tracking
error signal can be detected similarly to the case tpe above
mentioned optical pick-up device. However, Fig.l1l2 shows an
example in a case .where the tracking direction T of the
recording medium is adapted to be the direction in which the
respective photo detectors A to J are aligned. When the
tracking direction T of the recording medium is adapted to be
perpendicular to the direction in.which the re#pectivé photo
detectors A to J are aliéned, as mentioned abovél it is neces-—
sary that each of the photo detectors D and H is the
two—-divided photo detector type.

Fdr?her, In the above mentioned embodiment, the grating
24 is attached to the side of the fourth plane 23d of the
composite prism 42. However, it may be attached to the side
of the second plane 23b as shown in Figs.13 and 14. On this
occasion, the light reflected from the recording medium 43 is
diffracted by the grating 24 and separated into the 0 order
ra& Lo, the + primary ray L1 and the — primary ray L2, as
shown in Fig.13. After that, as shown in Fig.14, these three
rays are separated into the ordin;ry ray'LI and the
extraordinary ray LJ, respectively, by the second rectangular
prism 22. Then, they are separated into six rays similarly to

the case of the above mentioned optical pick—up device.
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Further, in the above mentioned embodiment, although the
light source 41, the composite prism 42, the first light
detecting device 45 and the second light detecting device 48
are provided indi&idually, these members may be constituted'
unitedly.' Actually, for example, as shown in Fig.15, a light
source 51, a composite prism 52, a first light detecting
device 53 and a second light detecting device 54 are attached
to a single base plate 55, and then these members are
integrated wifh each other. Hence, the light e&itted from the
composite prism 52 is focused on a recérding surface 57a of a
recording medium 57 by a lens 56 similarly to the case of the
above mentioned optical pick-up device.

In Fig.16, thus-united member is illustrated as an
enlarged drawing. As shown iﬁ Fig.16, a shape of the
composite prism 52 is trapezoidal so as to form a suitable
optical path. That is, the composite prism 52 employs a
parallelogram type of a first prism 61 instead of the first
rectangular prism 21, and a trapezoid type of a second prism
62 instead of the second rectangulaf priém 22. Then, so as to-
make a general shape of the composite prism 52 trapezoidal,
the first prism 61 is adhered to a sloping surface of the
second prism 62 through polarization film (not shown), and a

grating 63 is attached to a location, near the first prism 51,
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of‘bottom surface 52a of :‘the second prism 62. This trapezoid
type of the composite prism 52 is attéched to the base plate

55 at Poth ends 52A and 52B of the bottom surface 52a of the

trapezoid.

The light source 51 is attached to the base plate 55 in
such a manner that the laser light from the light source 51 is
reflected at once at a mirror 55a.on the base plate'55 and
then inputted to face 52d of the first prism 61 of the
composite prism 52a. Further, the first light éetecting
device 53 is attached to a iocation opposed to.the sloping
surface 52b of the cémposite_prism 52 and also a side of the
bottom surface 52a of the composite prism 52, on the base
plate 55, for detecting the light emitted from the composite
prism 52 without passed thgough a grating 63. .On the other
hand, the secondllight detecting device 54 is attached to a
location opposed to upper surface 52¢ of the composite prism
§2 and also a side of the bottom surface 52a of the composite
pfism 52, on the base plate 55, for detecting the light
emitted from fhe composite prism 52 through thg grating 63.

'In this way, when the light source 51, the composite
prism 52, the first light detecting device 53 and the second
light detecting device 54 are attached to the single base

plate 55, and then these members are integrated with each
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other, the RF signal from the recording medium 57,_the
focusing error signal and the t;acking signal can be detected
similafly to the case of the above mentioned optical pick-up
device.

Furthef, in the above mentioned embodimeht, one laser
light is inputted to the recording medium. However, the

preseﬁt invention can be applied to the so—called three spot

s

method in which the tracking error is detected by inputting
three laser lights to thé recording hedium. )

In a case where the present invention is applied to the
three spot method, for example, as shown in Fig.l1l7, a second
grating 73 is preferably arranged between a light source 71
and a composite prism 72. Then, the laser light is separated
into.the éhree laser lights by the second grating 73.

Further, in a case where the respective memﬁers_aré integrated
with each other as described above, the second grating is
preferably arranged on an optical axis connecting the second
gréting to the light_source and the éolarization film.
Actually, for example, as shown in Fig.18, the second grating
T3a is preférably attached to A side of the first pfism 81 on
the bottom surface 52a of the composite prisﬁ 52, or the

second grating 73b is prefgrably attached to the sloping

surface 52d on a side of the first prism 81 of the composite
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prism 82.

At this time, the spot pattern on the second light
detecting device is as shown in Fig.19. The separating
direction of the ordinary ray and the extraordinary ray is
adapted to be same as the direction diffracted by the grating
63 of the composite prism 52. The tracking direction T of the
recording medium 57 is adapted to be _perpendiéular_to this
direction.

As shown in Fig.19, the 0 order ray of the—light
diffracted by the second grating 73a {(or 73b) is separated
into the 0 order ray LIO, the + primary ray LI1 and the -
primary ray LI2 of the ordinary ray, and the 0 order ray LJO,
the + primary ray LJ1 and the — primary ray LJ2 of the
extraordinary ray by the comﬁosite prism 52, and inputted to
the photo detectors A to J, similarly to the case of the above
mentioned embodiment. The + primary ray of the light
diffracted by the second grating 73a (or 73b) is separated
into six rays L10, L11, L12, L1i3, Li4 and L15 by the composite
prism 52, and the - primarylliéht is separated into six rays
L20, L211, L22, L23, L24 and L25 by the composite prism 52.
Thén, they are inputted to both sides of the 0 order ray LIO,

the + primary ray LI1, and the — primary ray LI2 of the

ordinary ray, and the 0 order ray LJO, the + primary ray LJ1
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and the — primary ray LJ2 of the extraordinary ray,
respectively. -
On this occasion, in the second light detecting device

54, there are disposed, on both sides of the photo detectors I
and J, the photo detectors K and L for detecting % primary
rays L12, L13, L22 and L23 of the light diffracted by the
second grating 73a (or 73b), in addition to the above
mentioned photo detectqrs A to J. In the example shown in
Fig.19, since the tracking direction T of the rééording me&ium
57 is adapted to be perpendicular to the direction diffracted
by the grating 63 of the composite ‘prism 52, the photo
detector D is constituted by the two-divided photo detector
composed of the photo detectors D1 and D2, and the photo
detector H is constituted by the two-divided photo detector
composed of the photo detectors H1 and H2.

| The photo detectors A to J detect the 0 order rays LIO,
LI1, LI2, LJO, LJ1 and LJ2 of the light diffracted by the
sécond grating 73a (or 73b). Further, the photo detector K
detects the 0 order ray L12 of the ordinary ray and the 0
order ra& L13 of the extraordinary'ray by means of the
_composite prism 52, in the +'primary ray by means of the
second géating 73a (or 73b). Furthermore, the photo detector

L detects the 0 order ray L22 of the ordinary ray and the O
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order ray L23 of the extraordinary ray by means of the
composite prism 52, in the — primary ray by means of the
second grating 73a (or 73b).

At this time, the RF signal from the recording medium 57
and the focusing error signal are similar to the case of the
above mentioned embodiment. However, as for the tracking
error, it is possible to seﬁarately extract the trgcking error
signal and the push—-pull signal. That is, when the 1ight.
quantities detected by. the photo detecto}s D1, 52, Hl, H2, K
and L are referred to as di, 42, hl, h2, k and 1},
respectively, the tracking error signal is obtained by the
following equation (8), and the push—pﬁll signal is oStained
by the following equation (9).

Tracking Error Signal = {(k - 1)
.o (8) | '
| Push-Pull Signal = (d1 - d2) + (hl + h2)

(9)

As apparent from the above explanation, the optical
piqk—up device in accordance with the present invention can
constitute the optical syste# having the small number of the
parts and the short optical path without employing the
hologram optical element haviné a polarization selection

property. Therefore, the present invention can provide the
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optical pick—-up device which is miniaturized and is low in
producing cost.

The present invention is not limited to the above
described embodiments, but various modifications thereof can

be made within the scope of the appended claims.
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What is claimed is:

1. An optical pick—up device for radiating an optical
beam onto a ;ecording medium and detecting a return light
reflected from the recording medium and thereby reading out a
signal from said recording medium, comprising:

a light emitting means for emitting a laser light;

a first optical element made of non-axial crystal

" materidl to which said light emitted from said light emitting

means is inputted;

a second optical element made of uniaxial crystal
material adhered to sa;d first optical element through
polarization film;

a first detecting means for detecting the light passed
through said second optical element, after the light emitted
from said light emitting means is reflected'qn said
polarization film through said first optical eleﬁent, and the
light reflected on said polarization film is radiated onto the
recording medium, and the light reflected from said recordipg_
medium is inputted again to said first optical element and is
also transmitted trough said polarization film and inputted to
said second optical element;

a grating disposed on an optical path-of the light

reflected from said recording medium; and
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a second detecting means wherein the light emitted from
said light emitting means is passed through said first optical
element and the light transmitted through said polarization
film is radiated through said second optical element.

2. An optical pick-up device as defined in claim.l,
wherein
said first optical element is shaped in parallelogrgm, and
said second optical element is shaped in trapezoid."

3. An optic#l pick-up device as defined in claim 1,

wherein said first detecting means and said second detectiﬂg

means are disposed on the same plane.

4. An optical pick-up device as defined in claim 1,
wherein said optical pick—up device further ' comprises a second
grating disposed in an optical path of said first optical

element.

5. An optical pick—up device as defined in claim };
wherein means for detecting respective 0 order rays,
respective + primary rays and respective — primary rays which
are separated through séid second opti;al element and

diffracted through the grating comprises:
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a photo detector for detecting the 0 order ray of'an
ordinary ray;
~a photo detector for détecting the 0 order ray of an
extraordinary ray;
a three—divided photo detector.for detecting tﬁe -
primary ray of the ordinary ray; and
a three—divided photo detector for detecting the +

*s

primary ray of the extraordinary ray.

6. An 6§tical pick—up device as defined in claim 5,
wherein said optical pi;k—up device comprises a two—divided
photo detector_for detecting the + primary ray of said
ordinary ray, and a two-divided photo detector for detecting
thé ~ primary ray of said extraordinary ray.

7. An optical pick—up device as defined in claim 1,
wherein said grating is arranged on said first optical

eiement.

8. An optical pick4up'device as defined in claim 1,
wherein said grating is arranged on said second optical

element.
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g. An optical pick—-up device for radiating an optical
beam onto a recording medium and detecting a return light
reflected from the recording medium and thereby reading out a
signal from said recording medium, comprising:

a light emitting means for emitting a laser ligﬁt;

a first optical element made of non-axial crystal
material to which the light emitted from said light emitting
means is inputted; | “‘

a second optical element made of uniaxial crystal
material adhered to said first optical element through
polarization film;

a grating for diffracting an extraordinary ray and an
ordinary ray, after the light reflected on the polarization
film through said first optical element is radiated onto the
recording medium, and also the light reflected from said
recording medium is inputted agéin to said polarization film.
through said first optical element, and transmitted through
said polarization filﬁ and inputted to said second optical
element, and then separated into the extraordinary ray and the
ordinary ray'through said‘second optical element;

a first detecting means for detecting O order ray, +
primdry ray and — primary ray which are diffracted through

said grating; and
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a second detecting means wherein the light emitted from
said light emitting means is radiated through said first
optical element and the light transmitted through said
polarization film is radiated through said second optical

element.

10. - An optical pick—up device as defined in claim 9,
wherein '

said first optical element is shaped in parallelotgram, and

said second optical element is shaped in trapezoid.

11. An optical pick~up device as defined in claim 9,
wherein said first detecting means and said second detecting

means are disposed on the same plane.

12. An optical pick-up device. as defined in claim 9,
wherein said optical pick-up device comprises a second grating

disposed in an optical path of said first optical element.

13. An optical pick—up device as defined in claim 9,
wherein means for detecting respective 0 order rays,
respective + primary rays and respective — primary rays which

are separated through said second optical element and

v
.,
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diffracted through the grating comprises:

a photo detector for détecting the 0 order ray of an
ordinary ray;

a photo detector for detecting the 0 order ray of an
extraordinary ray;

a three-divided photo detector for detecting the -
primary ray of the ordinary ray; and

a three—divided . photo detector for detecting the +

primary ray of the extraordinary ray.

14. An optical pick-up device as defined in claim 13,
wherein said optical pick-up device comprises a two-divided
photo detector for detecting the + primary ray of said
ordinary ray, and a two—divided photo detector for detecting

the — primary ray of said_extraordinary ray.



