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(57) ABSTRACT 

A light Source for generating light beams, a diffraction 
grating for Splitting the light beam emitted from the light 
Source into at least three light beams, and an objective lens 
for receiving the reflecting light beams from the recording 
medium, the magnification of the objective lens being -6.0 
to less than -12.0, make up a collimatorless optical System. 
The reflecting light beams emanating from the objective lens 
are split by a beam splitter, these split light beams are each 
Split into at least three light beams by a Wollaston prism, and 
are incident on a photo detecting element. A tracking error 
Signal, a focusing error Signal, and a magneto-optical signal 
are generated using the light beams received by the photo 
detecting element. The beam splitter and the Wollaston 
prism may be substituted by a multifunctional Wollaston 
prism. If the nine split light beams are all received by the 
photo detecting element, the Signals produced by the photo 
detecting element are large in amplitude. 

20 Claims, 21 Drawing Sheets 
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MAGNETO-OPTICAL RECORDING/ 
REPRODUCING PICKUP HEAD WITH A 

DIFFRACTION GRATING AND A 
WOLLASTON PRISM 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a pickup device for 
recording information to and reproducing the same from a 
magneto-optical recording medium, and also relates to a 
photo detecting unit in use with the pickup device. 

2. Description of the Prior Art 
A conventional magneto-optical recording/reproducing 

System detects a magneto-optical signal by using a magneto 
optical light Splitting element by utilizing a birefringence, 
Such as a 3-beam Wollaston prism, in an optical System with 
collimiator, viz., in parallel light beams. 

FIG. 1 is a diagram showing an arrangement of a con 
ventional magneto-optical recording/reproducing pickup 
device. A light beam emitted by a light Source 1, Such as a 
Semiconductor laser device, is converted, by a diffraction 
grating 2, into at least three spot light beams which will be 
used for generating a tracking control Signal. These light 
beams are collimated by a collimating lens 3, usually 
consisting of two lenses joined together. The collimated light 
beams are converged on a-magneto-optical disk 6 by an 
objective lens 5. To reproduce information, the plane of 
polarization is turned in accordance with an inverted mag 
netization pattern corresponding to information written into 
a vertically magnetized film, in a recording track. 
The light beams reflected by the magneto-optical disk 6 

are rendered parallel by the objective lens 5 and returned to 
a beam splitter 4. The light beams are reflected by the beam 
splitter 4 toward a Wollaston prism 7. The Wollaston prism 
7 Separates the received light beams into an Spolarized light 
component, a P polarized light component, and a light 
component as the combination of the S and P polarized light 
components. These polarized light components are incident 
on a photo detecting unit 12 through a route of a reflecting 
mirror 8, a converging lens 9, a concave lens 10, and a 
cylindrical lens 11 for obtaining a focusing error Signal. The 
direction of the magnetization of a readout Signal Surface is 
determined by comparing the intensities of the P and S 
polarized light components. A focusing error Signal is 
obtained, by the astigmatic method, from the light compo 
nent as the combination of the S and P polarized light 
components. A tracking error Signal is obtained by compar 
ing the intensities of both sub-beams of the three beams 
derived from the diffraction grating. Thus, the control Sig 
nals are generated for controlling the focusing and tracking 
directions. 

Another conventional optical pickup device in use with a 
magneto-optical recording/reproducing apparatus contain 
ing the optical System with collimator is disclosed in UneX 
amined Japanese Patent Publication (Kokai) Sho-63 
127436. In the publication, the parallel beams emanating 
from the collimating lens are optical-axis transformed 
(reflected) by a polarizing beam splitter. The reflecting light 
beams are focused on the magneto-optical disk through an 
objective lens. The reflecting light beams from the magneto 
optical disk are converted into parallel light beams by the 
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2 
objective lens. The light beams, after passing through the 
polarizing beam splitter, are separated, by an analyzer, into 
an S polarized light component, a P polarized light 
component, and a light component as the combination of the 
S and P polarized light components. Finally, a magneto 
optical Signal and other control Signals for controlling the 
focusing and tracking directions are formed. 
The conventional optical pickup devices including the 

optical System with collimator is employed in order to 
SuppreSS a variation of the Splitting characteristics of the 
polarizing beam splitter 4 and the Wollaston prism 7, and to 
reduce a degree of deterioration of the magneto-optical 
Signals. The objective lenses used in parallel light beams can 
be more easily designed and manufactured than those used 
in divergent light beams. For this reason, the collimating 
lens 3, usually consisting of two Spherical glass-joined 
lenses, for collimating the divergent light beams, and the 
converging lens 9 for converging the parallel light beams are 
indispensable for the conventional pickup devices. Use of 
those lenses brings about complexity of the construction, 
increase of the number of the indispensable parts, and 
increase of the Size of the optical pickup device. 
To Solve the problems, there is proposed an optical pickup 

device in use with the magneto-optical recording/ 
reproducing apparatus, which is designed on the basis of an 
optical system without collimator, as shown in FIG. 2 (“O 
plus E”, No. 163, 1993, June, pp.94 to 95). In the optical 
pickup device, divergent light beams emitted from a light 
Source 1 pass through a convex lens 13 where a degree of the 
divergence of the divergent light beams is reduced. The light 
beams as left divergent are incident, as an Spolarized light, 
on a plate polarizing beam splitter 14. The divergent light 
beams reflected by the plate polarizing beam splitter 14 are 
converged on the recording Surface of the magneto-optical 
disk 6, through an objective lens 15. The reflecting light 
beams are converted, the objective lens 15, into the conver 
gent light beams which in turn enter the plate polarizing 
beam Splitter 14. In the plate polarizing beam Splitter 14, the 
polarizing film allows part of the Spolarized light beams and 
most of the P polarized light beams to pass therethrough. A 
half wave plate 17, located on the rear side of the plate 
polarizing beam splitter 14, turns the direction of polariza 
tion by 45 of the light beam. Thereafter, a plate analyzer 18 
Splits the light beam into an S polarized light beam, a P 
polarized light beam, and a light beam as the combination of 
the S and P polarized light beams. These light beams are 
converted into electrical Signals by a photo detecting unit 19. 

In the pickup device shown in FIG. 2, to obtain exact 
information, it is necessary to accurately adjust the angles of 
the plate polarizing beam Splitter 14 and the plate analyzer 
18. This makes the assembling work difficult. Further, a 
accurate control of the thickness of the plate analyzer 18 is 
required. Accordingly, the manufacturing work is difficult. 
The half wave plate 17 is provided for turning the plane of 
polarization by 45 and for disposing the plate analyzer 18 
on a plane without rotating along the optical axis. This half 
wave plate 17 is expensive. Provision of the half wave plate 
17 runs counter to the cost reduction. 

Additional pickup devices based on the optical System 
without collimator are disclosed in Unexamined Japanese 
Patent Publication (Kokai) Hei-5-142419, Hei-5-142420, 
and Hei-5-142421. A Wollaston prism 21 as illustrated in 
FIGS. 3A and 3B is used. The optical system of the optical 
pickup device is as shown in FIG.3C. The Wollaston prism 
21 as a multifunctional Wollaston prism includes a polariz 
ing beam Splitting 21c. The polarizing beam splitting film 
21c directs an incident light beam 24, which is emitted from 
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a light Source 1, toward the objective lens 15, and allows a 
reflecting light beam 25, which comes in through the objec 
tive lens 15, to pass therethrough. (The polarizing beam 
splitting film 21c is a multilayer film formed by alternately 
layering a plural number of dielectric thin films of different 
refractive indices, and is formed on the incident Surface of 
the Wollaston prism 21.) The Wollaston prism 21 consists of 
a first prism 21a and a Second prism 21b, both being made 
of crystalline and joined together along their long faces. A 
plane including the optical axis of the reflecting light beam 
25 coming in through the objective lens 15 (the same thing 
is correspondingly applied to the optical axis of the incident 
light beam 24 emitted from the light source 1) and the optic 
axis 21d of the first prism 21a, is at an angle, not a right 
angle, to a plane including that optical axis and the optic axis 
21e of the second prism 21b. The Wollaston prism 21 thus 
constructed is disposed Slanted with respect to the optical 
axis in the optical path of the reflecting light beams as 
non-parallel light beams, whereby an astigmatism is caused. 

The multifunctional Wollaston prism 21 splits the reflect 
ing light beam 25 into P polarized light beams b, Spolarized 
light beams c, and the light beams a as the combination of 
the S and P polarized light beams (FIGS. 3B). These light 
beams a, b, and c are received by photo detecting elements 
16a, 16b, and 16c, respectively (FIG.3C). A signal processor 
16d compares the intensities of the light beams b and c, 
thereby reading information contained in the reflecting light 
beams. The photo detecting element 16a containing a 
4-division photo diode is capable of producing a focusing 
error Signal as will be described later. 

The multifunctional Wollaston prism 21, which is slanted 
to the optical axis, causes an astigmatism, and hence Sub 
Stitutes for the combination of the polarizing beam splitter 
and the cylindrical lens. Use of this prism contributes to 
reduction of the number of the required parts. In the Wol 
laston prism 21, which is constructed Such that the optic axis 
21d of the first prism 21a is oriented at a right angle to the 
optical axis of the light beam passing therethrough, the 
image by the light beam emitted from the prism is not 
blurred. 

In the construction using the multifunctional Wollaston 
prism 21 as shown in FIG. 3C, the pickup device produces 
an insufficient amount of output power to a recording 
medium. The axially positioning adjustment is essential to 
the photo detecting elements 16a, 16b, and 16c. This adjust 
ment is laborious and difficult. 

In writing information to and reading the same from a 
recording medium by the optical pickup device as described 
above, the objective lens must be exactly positioned in both 
the focusing direction and the tracking direction. In the 
magneto-optical disk as the recording medium, a Kerr 
rotation of the plane of polarization is read in the form of a 
magneto-optical Signal. The magneto-optical signal is 
weaker than a pit signal for the compact disk. 

The size reduction of the magneto-optical disk System is 
a recent trend in this field of the products. The pickup device 
in use with the magneto-optical disk System is also under a 
constant pressure of Size reduction. In this circumstance, a 
unique optical pickup device has been proposed 
(Unexamined Japanese Patent Publication (Kokai) Hei-4- 
157647). In the pickup device, the combination of a diffrac 
tion grating and a 3-beam Wollaston prism, as already 
described, is used So as to allow a single photo detecting 
element to receive the reflecting light beams and to pick up 
thereof information recorded in the magneto-optical disk (in 
the form of magneto-optical signals), a focusing error signal 
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4 
indicative of a positional deviation (defocusing quantity) in 
the focus direction, and a tracking error Signal indicative of 
a positional deviation in the track direction. 

In this pickup device, three split light beams, the light 
beam of the 0-th order of diffraction, and the light beams of 
t1st order of diffraction are incident on the recording layer 
of the magneto-optical disk. The reflecting light beams R0, 
R1, and R2 from the recording layer are applied to the 
3-beam Wollaston prism 101 as shown in FIG. 4. The 
3-beam Wollaston prism 101 further splits each of these 
reflecting light beams into three reflecting light beams in a 
direction perpendicular to the Separation of the diffraction 
grating. Totally nine reflecting light beams R0, R1, R2, R10, 
R11, R12, R20, R21, and R22 are produced. Of those nine 
reflecting light beams, five light beams R0, R1, R2, R10, and 
R20 are detected by a single photo detecting unit 102 (FIG. 
5). The result of the detecting is used for generating a 
focusing error Signal, a tracking error Signal, and a magneto 
optical Signal. 
The conventional photo detecting unit 102 includes 

detecting elements 103, 106 and 107 for detecting the light 
beams R0, R1, and R2 corresponding to those of the 0th 
order and +1st order of diffraction, which are split by the 
diffraction grating, and detecting faces 104 and 105 for 
detecting the light beams R10 and R20, which are split by 
the 3-beam Wollaston prism 101. The photo-detecting ele 
ments 103,106 and 107 for the light beams R0, R1, and R2 
are disposed at a right angle to the photo-detecting elements 
104 and 105 for the light beams R10 and R20. 
As seen, the reflecting light beams R11, R12, R21, and 

R22, located at four corners, are not used in the conventional 
pickup device. The ratio of the quantities of the 0th order to 
t1st order of diffraction, caused by the grating, is Set at a 
relatively Small value within a range from 4 to 8, in order to 
increase the amplitude of the tracking error Signal. The 
3-beam Wollaston prism of which the basic split-light quan 
tity ratio by the 3-beam Wollaston prism, i.e., ordinary 
ray:ray as the combination of ordinary ray and extraordinary 
ray:extraordinary ray, is 25:50:25, is frequently used. The 
quantity of each of the ordinary and extraordinary rays is the 
half of that of the combination of the ordinary and extraor 
dinary rays. The magneto-optical signal (ordinary ray 
intensity—extraordinary ray intensity) is relatively weak. 

In the above-mentioned optical pickup device, the reflect 
ing light beams R11, R12, R21, and R22, located at four 
corners, are not used. Because of this, the tracking error 
Signal is weaker than those by the light beams including 
those at the four corners. Since the ratio of the quantities of 
the light of the 0-th order of diffraction to the light of the 
t1st order of diffraction, caused by the grating, is not large, 
the resultant focusing error Signal and the magneto-optical 
Signal are not large in amplitude. With regard to the basic 
split-light quantity ratio by the 3-beam Wollaston prism, the 
beam intensity ratio in the central part is large, while that on 
both sides is the half of that in the central part. The resultant 
magneto-optical Signal is not large in amplitude. 
A cubic beam splitter and a cylindrical lens are usually 

used in the conventional optical pickup device. The direction 
of the beam Splitting by the grating is at a right angle to that 
of the beam splitting by the 3-beam Wollaston prism. 
Accordingly, the photo detecting unit is constructed Such 
that the photo detecting elements for the tracking error 
Signal are arrayed at right angles to the photo detecting 
elements for the magneto-optical Signal. 

Use of the cubic beam splitter and a cylindrical lens 
inevitably increases the number of components and the size 
of the optical pickup device. 



US RE38,648 E 
S 

To cope with this, there is proposed an optical pickup 
device which uses a plate beam Splitter with an astigmatism 
causing function (for generating a focusing error signal) for 
size reduction purposes (“O plus E”, No. 163, pp.93 and 94). 
A diffraction grating is not used in this optical pickup 
System. The conventional photo detecting unit of the type in 
which the photo detecting elements for the tracking error 
Signal is disposed at a right angle to the photo detecting 
elements for the magneto-optical Signal, is improperly oper 
able when it is applied to the optical pickup System using the 
diffraction grating and the plate beam splitter. If applied, it 
fails to produce desired Signals. 

SUMMARY OF THE INVENTION 

Accordingly, a first object of the present invention is to 
provide a magneto-optical recording/reproducing pickup 
device which includes an optical System without collimator, 
and has various advantages, Such as a decreased number of 
necessary parts, a simple construction, the requirements for 
the parts layout accuracy being not So high when comparing 
with optical pickup device using the plate analyzer, a simple 
assembling work, and use of a Wollaston prism, easily 
available, being allowed. 
A Second object of the present invention is to provide a 

magneto-optical recording/reproducing pickup device 
which is Small in size and low in cost with a decreased 
number of required parts by unification of the Wollaston 
prism, beam splitter, and an astigmatic generator element. 
Furthermore, the pickup device produces an increased out 
put power to a recording medium, and allows an easy 
positioning of the photo detecting element on the optical 
axis, and an easy designing of the objective lens by use of 
a positive Singlet. 
A third object of the present invention is to provide a 

photo detecting unit which produces tracking Signal having 
large amplitude. 
A fourth objective of the present invention is to provide an 

optical pickup device using the photo detecting element of 
the third object. 
A fifth object of the present invention is to provide a photo 

detecting unit which uses a plate beam Splitter with an 
astigmatism causing function, and is well adaptable for an 
optical System in which the direction of the beam splitting by 
the grating is at an angle, not a right angle, to that of the 
beam splitting by the 3-beam Wollaston prism. 
A Sixth objection of the present invention is to provide an 

optical pickup device using the photo detecting unit of the 
fifth object. 

According to first aspect of the invention, the magneto 
optical recording/reproducing pickup device comprises: a 
light Source for generating light beams, a diffraction grating 
for splitting the light beam emitted from the light Source into 
at least three light beams, an objective lens for converging 
the light beams emitted from the light Source on a magneto 
optical recording medium, and receiving the reflecting light 
beams from the recording medium, the magnification of the 
objective lens being -6.0 to -12.0 when an object point lies 
at the Signal Surface of the magneto-optical recording 
medium; a beam splitter for Separating the light beams 
coming from the light Source and incident on the objective 
lens from the light beams coming through the objective lens, 
a Wollaston prism for Splitting the reflecting light beams 
coming from the magneto-optical recording medium 
through the beam splitter; and a photo detecting unit includ 
ing a plural number of photo detecting elements for detect 
ing the light beams emanating from the Wollaston prism. In 
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6 
the first magneto-optical recording/reproducing pickup 
device, a positive Singlet for reducing a degree of divergence 
of the diverging light beams from the light Source may be 
provided between the light Source and the objective lens. 

In the first magneto-optical recording/reproducing pickup 
device, an optical System without collimator in which a 
degree of convergence of the light beams incident on the 
beam splitter and the Wollaston prism is reduced can be 
constructed when the objective lens having the magnifica 
tion within the above range of figures is used. The optical 
System of the optical pickup device may be constructed as an 
optical System without collimator by using the objective lens 
of that magnification, not collimating the light beams emit 
ted from the light source. With this optical system, the 
optical pickup device Succeeds in Suppressing a variation of 
the Splitting performances by the beam Splitter and the 
Wollaston prism, and reducing a degree of deterioration of 
the magneto-optical Signal. Further, the maximum value of 
the wavefront aberration measured on condition that the 
objective lens is moved in the tracking and the focusing 
direction becomes Smaller, the larger a value of the magni 
fication f3 is, as shown in FIG. 29. When the magnification 
is -6 or greater, it is easy to form an optical System which 
Satisfies the criterion value 0.07 W of Marechal. A distance 
from a light Source to a converging point on the disc, viz., 
the entire length of the optical path ((L1+L2) in FIG. 6B), 
becomes longer, the larger the magnification f3 is. If a 
distance L1 from the converging point to the principal point 
is 3 mm or a bit longer, the total length of the optical path 
is approximately 40 mm when the magnification is -12. If 
the magnification exceeds this value, the total length of the 
optical path becomes large. 

For disposing the Wollaston prism, the incident plane 
thereof is merely Set perpendicular to the optical axis of the 
incident light beams. Moreover, the Wollaston prism may be 
disposed on a plane, and there is no need of using a 
polarization angle turning means, Such as a half-wave plate. 
With provision-of the positive singlet between the light 
Source and the objective lens, the distance between the light 
Source and the objective lens is reduced. This leads to the 
Size and cost reduction of the optical pickup device, and an 
efficient use of the light beam emitted from the light source. 
For the aberration correction, the positive Singlet may be 
used in addition to the objective lens. This indicates an easy 
aberration correction of the optical System of the pickup 
device. 

According to the Second aspect of the invention, the 
magneto-optical recording/reproducing pickup device com 
prises: a light Source for generating light beams, a diffraction 
grating for Splitting the light beam emitted from the light 
Source into at least three light beams, an objective lens for 
converging the light beams emitted from the light Source on 
a magneto-optical recording medium, and receiving the 
reflecting light beams from the recording medium, the 
magnification of the objective lens being -6.0 to -12.0 when 
an object point lies at the Signal Surface of the magneto 
optical recording medium; a Wollaston prism for causing an 
astigmatism including a polarizing light Splitting film for 
Separating the light beams coming from the light Source and 
incident on the objective lens from the light beams coming 
through the objective lens, the Wollaston prism being com 
posed of first and Second crystalline prisms which are joined, 
a plane including the optical axis of the reflecting light beam 
coming in through the objective lens and the optic axis of the 
first prism, is at an angle, not a right angle, to a plane 
including that optical axis and the optic axis of the Second 
prism, the Wollaston prism is disposed in the optical path of 
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the reflecting light beams as light beams being convergent 
and not parallel in a State that the incident plane thereof is 
Slanted with respect to the optical axis, whereby causing an 
astigmatism, a positive Single provided between the light 
Source and the objective lens, the total magnification of the 
optical System including the objective lens and the positive 
Singlet being -0.3 to -6.0; and a photo detecting unit 
including a plural number of photo detecting elements for 
detecting the light beams emanating from the Wollaston 
prism. 

In the Second magneto-optical recording/reproducing 
pickup device, the diffraction grating and the positive Singlet 
may be formed in a Single construction. 

In the Second magneto-optical recording/reproducing 
pickup device, a collimatorleSS optical System in which a 
degree of convergence of the light beams incident on the 
Wollaston prism is reduced can be constructed when the 
objective lens having the magnification within the above 
range of figures is used. A degree of divergence of the 
divergent light beams emitted from the light Source is 
reduced by the positive Singlet, the optical path length is 
reduced, and an output power of the optical pickup device to 
the object is increased. The optical System of the optical 
pickup device may be constructed as an optical System 
without collimator by using the objective lens of that mag 
nification. With this optical System, the optical pickup 
device Succeeds in Suppressing a variation of the Splitting 
performances by the beam splitter and the Wollaston prism, 
and reducing a degree of deterioration of the magneto 
optical Signal. The Wollaston prism is disposed in the optical 
path of the reflecting light beams in a State that the incident 
plane thereof is Slanted with respect to the optical axis, 
whereby causing an astigmatism. For the aberration 
correction, the positive Singlet may be used in addition to the 
objective lens. This indicates an easy aberration correction 
of the optical System of the pickup device. The light beams 
may be focused on the photo detecting unit by moving the 
positive Singlet along the optical axis. When the diffraction 
grating and the positive Singlet may be formed in a Single 
construction, the turning of the diffraction grating or the 
positioning of the positive Singlet along the optical axis may 
be adjusted by a single operation means. Further, the maxi 
mum value of the wavefront aberration measured on con 
dition that the objective lens is moved in the tracking and the 
focusing direction becomes Smaller, the larger a value of the 
total magnification f3' is, as shown in FIG. 30. When the 
magnification is Selected to be -3 or greater, it is easy to 
form an optical System which Satisfies the criterion value 
0.07 of Marechal. The main beam power to the disk 
becomes Smaller, the larger the total magnification B'is. The 
reason for this is that when the total magnification is large, 
the quantity of light beams entering the optical System from 
a light Source is reduced. If the total magnification is -6 or 
Smaller, the main beam power to the disk is 0.5 mW (the 
criterion value of MD) or larger. 

To achieve the third object, there is provided a photo 
detecting unit for receiving the reflecting light beams formed 
in a manner that a light beam is split into at least three light 
beams of the 0-th order and the 1st order of diffraction by 
a diffraction grating, the split light beams are incident on a 
recording medium, the light beams reflected on the record 
ing medium are each split into at least three light beams by 
a Wollaston prism, the photo detecting unit comprising: a 
first photo detecting element for receiving the light beams of 
the +1st order of diffraction; and a Second photo detecting 
element for receiving the light beams of the -1st order of 
diffraction. 
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According to the fourth aspect of the invention, the 

magneto-optical recording/reproducing pickup device com 
prises: a light Source for generating light beams, a diffraction 
grating for Splitting the light beam emitted from the light 
Source into at least three light beams of the 0-th order and the 
t1t order of diffraction; an objective lens for converging the 
light beams split by the diffraction grating on a recording 
medium, and receiving the reflecting light beams from the 
recording medium; a Wollaston prism for splitting the 
reflecting light beams coming in through the objective lens 
into at least three light beams, a photo detecting unit for 
receiving at least nine reflecting light beams from the 
Wollaston prism, the photo detecting unit including a first 
photo detecting element for receiving at least three light 
beams split by the Wollaston prism of the +1st order of 
diffraction, a Second photo detecting element for receiving at 
least three light beams split by the Wollaston prism of the 
-1st order of diffraction, a third photo detecting elements, 
consisting of a plural number of photo detecting elements, 
for receiving in divided form the central light beam of the 
three light beams split by the Wollaston prism of the O-th 
order of diffraction, and a pair of fourth photo detecting 
elements for receiving respectively the reflecting light 
beams located on both sides of the central reflecting beam of 
the three light beams split by the Wollaston prism of the O-th 
order; and lens drive means for driving the objective lens for 
positioning adjustment. 

In the fourth optical pickup device of the present 
invention, a tracking error Signal, for example, may be 
formed by calculating the difference between the output 
Signals of the first and Second photo detecting elements of 
the photo detecting unit. Since at least three reflecting light 
beams together are incident on the first and Second photo 
detecting elements, the tracking error Signal generated is 
large in amplitude. A focusing error Signal, for example, may 
be formed by the output signals of the divided photo 
detecting elements of the third photo detecting element. A 
magneto-optical Signal, for example, may be formed by 
calculating the difference between the paired fourth photo 
detecting elements. 

Furthermore, when the ratio of the quantities of the 
Oth-order light to the 1st order of light is set at 8.5 or larger, 
the amplitude of the focusing error Signal and magneto 
optical Signal may be increased. However, if it exceeds 15, 
the amplitude of the tracking error Signal is too Small. 
Therefore, a preferable ratio of the quantities of the 0th 
order light to the +1st order of light is within the range of 8.5 
to 15. At the ratio within this range, the magneto-optical 
Signal and the focusing error Signal may be increased in 
amplitude in a State that the tracking error Signal is not too 
Small in amplitude. 

Moreover, the Wollaston prism for splitting the received 
light beam into ordinary ray, extraordinary ray, and the light 
beam as the combination of the ordinary ray and extraordi 
nary ray, is constructed Such that the ratio of the quantities 
of the ordinary ray and the extraordinary ray to the whole 
light quantity is within 30 to 45%. When using such a 
Wollaston prism, the produced magneto-optical Signal is 
large. When the photo detecting unit of the invention is 
further used, the tracking error Signal is also large. If the 
ratio of the quantities of the ordinary ray and the extraor 
dinary ray to the whole light quantity exceeds 45%, the 
focusing error Signal is too weak. 
A photo detecting unit, which achieves the fifth object of 

the present invention, receives at the photo detecting ele 
ments the light beams of at least 3 by 3 in the form of a 
parallelogram, the received reflecting light beams being 
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formed in a manner that a light beam is split into at least 
three light beams of the 0-th order and the t1-st order of 
diffraction by a diffraction grating, the Split light beams are 
each split into at least three light beams by a Wollaston 
prism, the photo detecting element includes a first photo 
detecting element for receiving the light beams of the t1st 
order of diffraction, a Second photo detecting element for 
receiving the light beams of the -1st order of diffraction, a 
third photo detecting element, consisting of a plural number 
of photo detecting elements, for receiving in divided form 
the central light beam of the three light beams of the O-th 
order of diffraction, and a pair of fourth photo detecting 
elements for receiving respectively the reflecting light 
beams located on both sides of the central reflecting beam of 
the three light beams split by the Wollaston prism of the O-th 
order, an angle between a line connecting the centers of the 
first and Second photo detecting elements and a line between 
the paired fourth photo detecting elements are not a right 
angle. 

According to the Sixth aspect of the invention, the 
magneto-optical recording/reproducing pickup device com 
prises: a light Source for generating light beams, a diffraction 
grating for Splitting the light beam emitted from the light 
Source into at least three light beams of the t1st order of 
diffraction and the light beam of the 0-th order of diffraction; 
an objective lens for converging the light beams split by the 
diffraction grating on the recovery Surface of a magneto 
optical recording medium, and receiving the reflecting light 
beams from the recording medium, a Wollaston prism for 
Splitting each of the reflecting light beams coming in 
through the beam splitter into at least three light beams, the 
direction of the splitting by the Wollaston prism being at an 
angle to the direction of the splitting by the diffraction 
grating, a photo detecting unit for receiving at least nine 
reflecting light beams from the Wollaston prism, the photo 
detecting unit including a first photo detecting element for 
receiving the light beams of the +1st order of diffraction, a 
Second photo detecting element for receiving the light beams 
of the -1st order of diffraction, a third photo detecting 
element, consisting of a plural number of photo detecting 
elements, for receiving in divided form the central light 
beam of the three light beams of the 0-th order of diffraction, 
and a pair of fourth photo detecting elements for receiving 
respectively the reflecting light beams located on both sides 
of the central reflecting beam of the three light beams Split 
by the Wollaston prism of the 0-th order, an angle between 
a line connecting the centers of the first and Second photo 
detecting elements and a line between the paired fourth 
photo detecting elements being not a right angle, and lens 
drive means for driving the objective lens for positioning 
adjustment. 

In the photo detecting unit, an angle between a line 
connecting the centers of the first and Second photo detect 
ing elements and a line between the paired fourth photo 
detecting elements is not a right angle. Accordingly, the 
photo detecting element is well adaptable for an optical 
system in which the direction of the splitting by the diffrac 
tion grating using the plate beam splitter capable of causing 
an astigmatism is at an angle, not a right angle, to the 
direction of the splitting by the Wollaston prism. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing an arrangement of a con 
ventional magneto-optical recording/reproducing pickup 
device; 

FIG. 2 is a diagram showing an arrangement of another 
conventional magneto-optical recording/reproducing pickup 
device; 
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FIG. 3A is a perspective view showing a 3-beams Wol 

laston prism used in an optical pickup device in use with a 
conventional magneto-optical recording/reproducing Sys 
tem, 

FIG. 3B is a side view showing the Wollaston prism 
shown in FIG. 3A; 

FIG. 3C is a diagram showing an arrangement of yet 
another conventional magneto-optical recording/ 
reproducing pickup device incorporating the Wollaston 
prism shown in FIGS. 3A and 3B; 

FIG. 4 is a perspective view showing a 3-beams Wollaston 
prism; 

FIG. 5 is a plan view showing a conventional photo 
detecting unit; 

FIG. 6A is a diagram showing a magneto-optical pickup 
device according to a first embodiment of the present 
invention; 

FIG. 6B is an explanatory diagram for explaining a 
magnification of an optical System including an objective 
lens, a magneto-optical disk, and a photo detecting unit in 
the optical pickup device, 

FIG. 7A is a perspective view showing a 3-beams Wol 
laston prism that may be used for the pickup device of FIG. 
6A, 

FIG. 7B is a block diagram showing a readout Signal 
determining circuit coupled for reception with the Wollaston 
prism; 

FIG. 8A is a diagram showing a distribution of light 
beams on a photo detecting unit in the optical pickup device; 

FIG. 8B is a block diagram showing a tracking error 
detect circuit; 

FIG. 8C is a block diagram showing a focusing error 
detect circuit coupled for reception with a photo detecting 
element for detecting a light beam a in the photo detecting 
unit, 

FIG. 9 is a diagram showing a magneto-optical pickup 
device according to a Second embodiment of the present 
invention; 

FIG. 10 is a diagram showing a magneto-optical pickup 
device according to a third embodiment of the present 
invention; 

FIG. 11A is a diagram showing a magneto-optical pickup 
device according to a fourth embodiment of the present 
invention; 

FIG. 11B is an explanatory diagram for explaining an 
optical System including an objective lens and a positive 
Singlet, 

FIG. 12A is a perspective view showing a preferred 
Structure of mounting a diffraction grating and a positive 
Singlet in the optical pickup device of FIG. 11A, 

FIG. 12B is a longitudinal sectional view showing the 
structure of FIG. 12A; 

FIG. 12C is a transverse sectional view showing the 
structure of FIG. 12A; 

FIG. 13 is a perspective view showing an optical pickup 
device according to a fifth embodiment of the present 
invention; 

FIG. 14 is a diagram showing an optical System incorpo 
rated into the optical pickup device shown in FIG. 13; 

FIG. 15 is a diagram showing the diffraction by a diffrac 
tion grating used in the optical System shown in FIG. 14, 

FIG. 16 is a perspective view showing a distribution of 
light beams by a 3-beam Wollaston prism and a diffraction 
grating used in the optical System; 
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FIG. 17 is a plan view showing the construction of a photo 
detecting unit used in the optical System; 

FIG. 18 is a block diagram showing a control system for 
the optical pickup device of the fifth embodiment; 

FIG. 19 is a diagram useful in explaining the principle of 
generating a focusing error Signal by a cylindrical lens, 

FIG. 20A is a diagram showing a spot formed on a third 
photo detecting elements-of the photo detecting unit, 
FIG.20B is a diagram showing another spot formed on a 

third photo detecting face of the photo detecting unit; 
FIG.20C is a diagram showing yet another spot formed 

on a third photo detecting face of the photo detecting unit; 
FIG. 21 is a graph showing a variation of a signal value 

Fe for a focusing error Signal with respect to defocusing, 
FIG.22 is a diagram showing the principle of reading data 

out of a recording layer of a magneto-optical disk, 
FIG. 23 is a diagram showing an optical System of an 

optical pickup device incorporating a photo detecting unit 
according to a sixth embodiment of the present invention; 

FIG. 24 is a perspective view showing a 3-beam Wollas 
ton prism used in the optical pickup device of FIG. 23; 

FIG. 25 is a plan View showing a photo detecting unit 
which is a sixth embodiment of the present invention; 

FIG. 26 is a diagram useful in explaining the principle of 
generating a focusing error Signal by a parallel plate Slanted 
with respect to the optical axis, 

FIG. 27A is a diagram showing a spot formed on a third 
photo detecting element of the photo detecting unit; 

FIG. 27B is a diagram showing another spot formed on a 
third photo detecting element of the photo detecting unit; 

FIG. 27C is a diagram showing yet another spot formed 
on a third photo detecting element of the photo detecting 
unit, 

FIG. 28 is a plan View showing a photo detecting unit 
which is a modification of the sixth embodiment of the 
present invention; 

FIG. 29 is a graph showing variations of a wavefront 
aberration and a magnification B with respect to an entire 
length of the optical path; and 

FIG. 30 is a graph showing variations of a wavefront 
aberration and a total magnification with respect a main 
beam power to the disk. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 6A is a diagram showing a magneto-optical pickup 
device according to a first embodiment of the present 
invention. In the figure, reference numeral 1 designates a 
light Source as a Semiconductor laser device; 20, a plane 
grating, 21, a plane polarizing beam splitter; 22, an objective 
lens, 23, a 3-beams Wollaston prism; 26, a photo detecting 
unit, and 24, a concave lens movable in the optical axis as 
indicated by arrows Z So as to focus the reflecting light 
beams on the photo detecting unit 26. 

The plane grating 20 receives light beams from the light 
Source 1 and generates a main beam and two Subbeams 
located on both sides of the main beam, which are to be 
incident on the Signal Surface of the magneto-optical disk. 
These main and Subbeams are used for forming a tracking 
error Signal. The plane polarizing beam splitter 21 receives 
the divergent light beams coming through the plane grating 
20 from the light source 1, and directs the divergent light 
beams toward the objective lens 22. The objective lens 22 
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converges the reflecting light beams on the Signal Surface of 
the magneto-optical disk 6. On the Signal Surface of the 
magneto-optical disk 6, the plane of polarization of the 
incident light beam is turned in accordance with a magne 
tization pattern representative of information recorded in a 
Vertically magnetized film. The reflecting light beams with 
the turned plane of polarization from the magneto-optical 
disk 6 pass through the objective lens 22, and are incident, 
in the form of the convergent light beams, on the plate 
polarizing beam Splitter 21. The plate polarizing beam 
splitter 21 allows a part (e.g., 30%) of the S polarized light 
and most (e.g., 95%) of P polarized light to pass there 
through. 
The 3-beam Wollaston prism as disclosed in Unexamined 

Japanese Patent Publication (Kokai) Sho-63-113503 is used 
for the Wollaston prism 23. As shown in FIG. 7A, the 
Wollaston prism 23 is formed by joining together prisms 28 
and 29 made of calcite or quartz, lithium niobate, etc. along 
their long faces. A plane including the optical axis 27 of 
incident light and the optic axis 30 of the crystal prism 28 is 
at an angle other than a right angle to a plane including the 
optical axis 27 and the optic axis 31 of the crystal prism 29. 
The Wollaston prism 23 thus constructed receives the inci 
dent light beam and Splits it into a light beam a as the 
combination of an ordinary light beam and an extraordinary 
light beam, an ordinary light beam b and an extraordinary 
light beam c, both being Slanted at angles to the incident 
light beam. 

Under the condition that the rotation angle between the 
optic axis 30 of the crystal prism 28 and the optic axis 31 of 
crystal prism 29 is 45, as shown in FIG. 7A, the intensities 
Ia, Ib, and Ic of the light beams a, b, and c on the photo 
detecting unit are respectively 50%, 25% and 25% of the 
intensity of the incident light beam when the plane of 
polarization of the reflecting light beam on the disk Surface 
is not rotated. These light intensities Ia and Ib are: Ib>25% 
and Ic-25% or Ib-25% and Ic25% depending on the 
rotation direction of the plane of polarization of the reflect 
ing light beam on the disk Surface. AS Seen, information 
recorded in the magneto-optical disk can be discriminated 
by utilizing this nature, for example, by using a circuitry as 
shown in FIG. 7B. In the figure, the light intensities Ib and 
Ic are detected by detectors 32 and 33 and then is compared 
by a comparator 34. 
A distribution of light beams on the photo detecting unit 

26 in the optical pickup device is as shown in FIG. 8A. In 
the figure, light beams a, b, and c result from the Splitting of 
the main beam by the Wollaston prism 23, and light beams 
f and q, and handi result from the Splitting of the Subbeams 
d and c by the Wollaston prism 23. The tracking error signal 
is formed by the known circuitry as shown in FIG. 8B. In 
this circuitry, the intensities of the Subbeams e and e are 
detected by detectors 35 and 36, and the detected signals are 
compared by a comparator 37. A tracking control Signal is 
formed by using this tracking error Signal. The control Signal 
controls the movement of the objective lens 22 in the radial 
direction of the disk 6 so that the light beam is irradiated on 
a track. 

In the photo detecting unit 26, a photo detecting portion 
thereof for receiving the light beam a is divided into four 
parts A to D as shown in FIG. 8C. Photo detectors 40 to 43 
are respectively located in these detecting elements A to D, 
which correspond to Segmental parts Ato D of the Spot of the 
light beam a in FIG. 8A. The signals derived from the photo 
detectors 40 to 43 are processed by operational circuits 44 to 
46, whereby a focusing error Signal (A+B)-(C+D) is pro 
duced. This method for focusing error detection is known. 
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The focusing error Signal is used for controlling the axial 
movement of the objective lens 22 so that the light beams are 
always focused on the recording Surface of the disk. Accord 
ing to this embodiment, the plate polarizing beam splitter 21 
Serves also as a cylindrical lens. When the focal point lies on 
the Signal Surface of the disk, the Spot of the light beam a is 
circular, and the focusing error Signal (A+B)-(C+D) repre 
Sents Zero (0). In another State or a defocusing State, the 
focusing error Signal takes a negative or positive value. The 
focusing error Signal may also be obtained by a critical angle 
method, a knife edge method, a Foucault method, or a beam 
Size method. 
To construct the optical pickup device as mentioned 

above, a magnification L2/L1 of the optical System includ 
ing the objective lens 22, the magneto-optical disk 6, and the 
photo detecting unit 26 is selected to be preferably within 
-6.0 to -12.0, more preferably within -7.0 to -9.0 (FIG. 
6B). L1 is the distance between the object point and the front 
principal point of the objective lens 22. The object point (the 
converging point of the light beam by the objective lens 22) 
is Set at the Signal Surface of the disk 6. L2 is the distance 
between the image point and the rear principal point of the 
objective lens 22. In the conventional optical pickup device 
for the optical disk, for example, compact disk, an optical 
System without collimator having the magnification of 
approximately -4.0 to -6.0 is employed. However, in this 
range of the magnification, Some disadvantages arise. For 
example, the light Splitting characteristics of the plate polar 
izing beam splitter 21 varies although that of the plate 
non-polarizing beam splitter utilizing in the conventional 
optical disk varies little. The magneto-optical Signal is 
deteriorated in quality in the Wollaston prism 23. For this 
reason and an easy aberration correction, the preferable 
magnification is -6.0 or larger (as absolute value) for this 
type of the optical pickup device which cannot produce a 
large readout signal. In view of miniaturization, -12.0 or 
larger of the magnification is unpractical Since Such a value 
elongates the length ranging from the magneto-optical disk 
6 to the photo detecting unit 26. 

Referring to FIG. 9, there is provided a diagram showing 
a magneto-optical pickup device according to a Second 
embodiment of the present invention. The optical pickup 
device of the Second embodiment is characterized in that a 
positive singlet 47 is additionally provided between the light 
Source 1 and the plate polarizing beam Splitter 21. According 
to this construction, the distance between the light Source 1 
and the plate polarizing beam Splitter 21 can be shortened. 
Because of this, the size reduction of the optical pickup 
device and an efficient use of the light beam emitted from the 
light Source 1 as well are realized. For the aberration 
correction, the positive singlet 47 may be used in addition to 
the objective lens 22. This indicates an easy aberration 
correction in the overall optical System of the pickup device. 
There is no need of using a double glass-joined lens con 
Sisting of a pair of Spherical lens for the positive Singlet 47. 
It may be a meniscus lens of a spherical Single lens, a 
plano-convex lens, or the like. 

FIG. 10 is a diagram showing a magneto-optical pickup 
device according to a third embodiment of the present 
invention. In the pickup device, a diffraction grating 20 and 
a prism polarizing beam splitter 25 allow diverging light 
beams, which are emitted from the light Source 1, to pass 
therethrough to the objective lens 22. The light beams are 
converted on the magneto-optical disk 6 by the objective 
lens 22, and reflected thereon. The reflecting light beams 
travels back through the objective lens 22 and reach the 
prism polarizing beam splitter 25. The light beams are 
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reflected by the prism polarizing beam splitter 25 and 
directed toward the Wollaston prism 23. The light beams 
split by the Wollaston prism 23 pass through the cylindrical 
lens 48 for forming a focusing error Signal, and land on the 
photo detector unit 26. In this optical pickup device using 
the prism polarizing beam splitter, the coma of the light 
beams on the photo detecting unit is Smaller than in the 
pickup device using the plate polarizing beam splitter. 

FIG. 11 is a diagram showing a magneto-optical pickup 
device according to a fourth embodiment of the present 
invention. In the figure, reference numeral 1 designates a 
light Source as a Semiconductor laser device; 20, a diffrac 
tion grating for Splitting a light beam received from the light 
Source 1 into at least three light beams; 21, a Wollaston 
prism having a polarizing beam Splitting film, which is 
Slanted to the optical axis as already described referring to 
FIG. 3C; 22, an objective lens; 47, a positive singlet between 
the diffraction grating 20 and the multifunctional Wollaston 
prism 21; and 26, a photo detecting unit. 
The plane grating 20 receives the light beams from the 

light Source 1 and generates a main beam and two Subbeams 
located on both sides of the main beam, which are to be 
incident on the Signal Surface of the magneto-optical disk. 
These main and Subbeams are used for forming a tracking 
error Signal. The positive Singlet 47, which reduces a degree 
of divergence of the light beams from the light Source 1, 
allows the light beams to travel to the Wollaston prism 21. 
The polarizing light splitting film 21c of the Wollaston prism 
21 allows the S polarized light component and the P polar 
ized light component of the linearly polarized light incident 
thereon to pass therethrough at a preset ratio of them, or 
reflects those light components at a preset ratio. For 
example, it allows the P polarized light component of 100% 
and the S polarized light component of 30% to pass 
therethrough, and reflects the Spolarized light component of 
70%. The divergent light beams reflected thereby are 
directed toward the objective lens 22. The objective lens 22 
converges the reflecting light beams on the Signal Surface of 
the magneto-optical disk 6. On the Signal Surface of the 
magneto-optical disk 6, the plane of polarization of the 
incident light beam is turned in accordance with a magne 
tization pattern representative of information recorded in a 
Vertically magnetized film. The reflecting light beams with 
the turned plane of polarization from the magneto-optical 
disk 6 pass through the objective lens 22, and are obliquely 
incident on the Wollaston prism 21 in the form of convergent 
light beams, and are split by the Wollaston prism. The light 
beam is split into three light beams a, b, and c by the 
3-beams Wollaston prism 21, as shown in FIG. 3B. The 
information is read out through the comparison of the light 
beams b and c, as described above. The intensities Ib and Ic 
of the light beams b and c are changed depending on the 
direction of the turn of the plane of polarization on the disk 
surface as follows: Ib>Ic or Ib<Ic. The light intensities Ib 
and Ic of the light beams are detected by the photo detecting 
elements 16b and 16c, and the output signals of these 
detecting elements are compared. The information is dis 
criminated on the basis of the comparison result. 

Nine number of light beams a to i landing on the photo 
detecting unit 26 are distributed as shown in FIG. 8A, as in 
the first embodiment of the present invention. The circuit of 
FIG. 8B compares the Subbeams d and e to generate a 
tracking control signal. In the fourth embodiment, the Wol 
laston prism 21, which is Slanted to the optical axis, Serves 
also as a cylindrical lens. Accordingly, a focusing error 
Signal can be obtained as in the first embodiment. 

In the fourth embodiment, the positive singlet 47 is 
provided between the light source 1 and the Wollaston prism 
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21. Accordingly, the distance between the light Source 1 and 
the plate polarizing beam Splitter 21 is reduced. This leads 
to the size reduction of the optical pickup device, an efficient 
use of the light beam emitted from the light Source 1, and an 
increase of the output power to the disk 6. For the aberration 
correction, the positive singlet 47 may be used in addition to 
the objective lens 22. This indicates an easy aberration 
correction in the overall optical System of the pickup device. 
The converging position of the light beams on the photo 
detecting elements of the photo detecting unit 26 may be 
adjusted by moving the positive Singlet 47 along the optical 
axis. This positioning is easier than in the case shown in 
FIG. 3C where the photo detecting elements 16a to 16d are 
positioned. 

In the fourth embodiment, the magnification L2/L1 of the 
objective lens is preferably -6.0 to -12.0, more preferably 
-7.0 to -9.0. 

A total magnification L3/L1 of the optical System includ 
ing the positive singlet 47 is preferably -0.3 to -6.0, more 
preferably -3.5 to -5.0 (FIG. 11B). If the magnification 
L3/L1 is Smaller than -3.0, the aberration correction is 
difficult. If it exceeds -6.0, an insufficient quantity of the 
light is collected from the light Source 1, So that a necessary 
amount of output power to the disk cannot be Secured. 

FIGS. 12A to 12C cooperatively show a preferred struc 
ture of mounting the diffraction grating 20 and the positive 
singlet 47 in the optical pickup device. As shown in FIGS. 
12A and 12B, the diffraction grating 20 and the positive 
singlet 47 are mounted in a tubular case 50 of which the 
inside 52 is empty. An operation pin 51 is radially attached 
to the tubular case 50. In this structure, the operational pin 
51 is operated in the direction R for the adjustment of the 
direction (indicated by an arrow R) of the turn of the 
diffraction grating 20. It is operated in the direction X for the 
adjustment of the movement of the positive Singlet 47 along 
the optical axis (indicated by X). More specifically, the 
operational pin 51 is inserted into a hole 50a radially 
elongated in the tubular case 50. The operational pin 51 is 
passed through a hole 54a of a housing 54. As shown in 
FIGS. 12B and 12C, a plate spring 53 secured to the housing 
54 presses the tubular case against the corner of the housing 
54 in a state that the tubular case is rotatable about its axis 
and movable in the optical axial direction. In FIG. 12A, 
reference numeral 55 designates an incident light. 

Use of the unit structure of the diffraction grating 20 and 
the positive Singlet 47 brings about various advantageous 
effects, Such as easy assembling, easy adjustment, Simple 
construction. 
A fifth embodiment of the present invention will be 

described. 
FIG. 13 is a perspective view showing an optical pickup 

device according to a fifth embodiment of the present 
invention. FIG. 14 is a diagram showing an optical System 
incorporated into the optical pickup device shown in FIG. 
13. The optical System is the same as the optical System 
using the Wollaston prism of the conventional optical pickup 
device shown in FIG. 1. 
An optical pickup device 110 of the fifth embodiment, as 

shown in FIG. 13, includes a lens drive unit (lens drive 
means) 112 for positioning an objective lens 111 to be 
described later in the focusing direction Z and in the track 
direction X, and an optical System block 113 containing 
optical parts the like. 

The construction of the optical system block 113 is shown 
in FIG. 14. In the construction, a Semiconductor laser device 
114 as a light Source generates laser beams B. A diffraction 
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grating 115 receives the laser beams B from the light source 
1 and Splits them into at least three illumination light beams 
Bo, B, B. A collimating lens 116 collimates the three light 
beams Bo, B, B emanating from the diffraction grating 
115. Abeam splitter 117 changes the direction of the optical 
axis of the reflecting light beams R (R,R,R) emanating 
from the objective lens 111. The objective lens 111 receives 
the illuminating light beams Bo, B, B coming through the 
beam splitter 117 from the light source 1 and converges the 
light beams on the recording layer (recording portion) on the 
magneto-optical disk D as a recording medium, and also 
receives the reflecting light beams Ro, R, R from the 
magneto-optical disk D. A 3-beams Wollaston prism 118 
receives the reflecting light beams Ro, R, R2, which are 
received by the objective lens 111 and the beam splitter 117 
and changed in their optical axis by the beam splitter 117, 
and splits each of those three light beams into three light 
beams, totally nine light beams R' (Ro, R, R2, Rio, R, R2, 
Rao, R2, R). A reflecting mirror 119 reflects the reflecting 
light beams R'. A converging lens 120 converges the reflect 
ing light beams R' reflected by the reflecting mirror 119. A 
concave lens 121 reduces a converging angle of the reflect 
ing light beams R' incident thereon. A cylindrical lens 122 
causes an astigmatism for the reflecting light beams R'. A 
photo detecting unit 123 detects the reflecting light beams R' 
transmitted through the cylindrical lens 122. 
The diffraction grating 115, as shown in FIG. 15, diffracts 

the incident light beams B into at least three illuminating 
light beams; a 0-th order (of diffraction) light beam Bo, a 
+1st order light beam B, and a -1st order light beam B. Of 
those illuminating light beams Bo, B, B, the light beams B 
and B, located on both sides of the light beam Bo, are used 
for generating a So-called tracking error Signal. 
The 3-beams Wollaston prism 118, as shown in FIG. 16, 

is a cubic prism formed by joining a couple of triangle prism 
118a and 118b along their slanted surfaces 118c. Each 
triangle prism, Shaped like a right-angled triangle in croSS 
Section, is made of a uniaxial crystal, Such as quartz, rutile, 
lithium niobate or calcite. The crystal axes of the triangle 
prisms 118a and 118b are at right angles to the optical axis 
of the reflecting light beams R, and at about 45 to each 
other. When the reflecting light beams Ro, R, R pass 
through the slanted surfaces 118c of the triangle prisms 118a 
and 118b of the 3-beam Wollaston prism 118, these beams 
are refracted in different directions depending on the direc 
tions of the polarization thereof. As a result, these beams are 
Split into first group of light beams Rio, R, R2 as ordinary 
ray, a Second group of light beams R2O, R2, R22 as extraor 
dinary ray, and a third group of light beams Ro, R, R as the 
combination of the ordinary ray and the extraordinary ray. 
The photo detecting unit 123 is constructed as shown in 

FIG. 17. In the photo detecting unit 123, a first photo 
detecting element 125 receives three reflecting light beams 
R, R, R, which are the +1st order (of diffraction) 
reflecting light beams split by the 3-beams Wollaston prism 
118. A second photo detecting-element 126 receives three 
reflecting light beams R2, R2, R2, which are the -1st order 
(of diffraction) reflecting light beams split by the 3-beam 
Wollaston prism 118. A third photo detecting element 124 
consists of 4-divided photo detecting elements 124a to 124d 
which receive in divided form the central reflecting light 
beam Ro of three reflecting light beams Ro, Rio, Rao, which 
are the 0-th order reflecting light beam split by the 3-beam 
Wollaston prism 118. Paired fourth photo detecting elements 
127 and 128 receive respectively the reflecting light beams 
Ro and Rao, located on both sides of the central reflecting 
beam Ro. Thus, the reflecting light beams R, R2, R2, R2, 
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which were conventionally not used, can be detected by the 
photo detecting unit of the invention, So that the tracking 
error Signal having large intensity is output. These photo 
detecting elements 124a to 124d, and 125 to 128 produce 
photo detecting Signals representative of intensities of the 
detected reflecting light beams and transferS them to a signal 
processing unit 130 to be described later, by way of lead 
wires, not shown. 

FIG. 18 is a block diagram showing a control system for 
the optical pickup device of the fifth embodiment. 

The optical pickup device 110 of the present embodiment, 
as shown, includes a control unit 129 (as control means) for 
controlling the optical pickup device 110 perse. The control 
unit 129 is coupled with the lens drive unit 112. The photo 
detecting elements 134 to 128 are connected through the 
signal processing unit 130 to the control unit 129. 

The Signal processing unit 130 generates a tracking error 
Signal and a focusing error Signal using the photo detecting 
Signals from the photo detecting elements 124 to 126, and 
transfers them to the control unit 129. The same generates a 
magneto-optical Signal using the photo detecting Signals 
from the photo detecting elements 127 and 128, and trans 
fers it to an output buffer 131. 

The tracking error Signal is generated by calculating the 
difference between the Signal from the first photo detecting 
element 125 which receives the reflecting light beams R, 
R, R2, and the Second photo detecting element 126 which 
receives the reflecting light beams R, R2, R. 

Anastigmatism method is used for generating a focusing 
error Signal. A value Fe of the focusing error Signal is given 
by the following equation (1) 

where Ra, Rb, Rc, and Rd are the photo detecting Signals 
from the 4-divided photo detecting elements 124a to 124d. 
As shown in FIG. 19, when the disk D lies at a focal point 

(indicated by a continuous line), the reflecting light beams 
from the magneto-optical disk D is focused at a point Zo 
when viewed in the Y axis direction perpendicular to the 
paper Surface. The same is focused at a point X when 
Viewed in the Y direction parallel to the paper Surface. 
Therefore, the croSS Section of the beam is circular at a point 
P. If the 4-divided photo detecting elements 124a to 124d is 
located at the point P, a circle spot (Ro) is formed on the third 
photo detecting element 124 as shown in FIG. 20A. In an 
in-focus State, the value Fe of the focusing error Signal is 0. 
When the objective lens 111 approaches to the disk D 

(indicated by dotted lines), the focal point moves to a point 
Z and X". The beam cross section at the point P becomes fat 
in the Y direction, while it becomes thin in the X direction. 
The spot (Ro) on the third photo detecting circuit 124 is an 
ellipse oblique to the right upper corner in the coordinates 
shown in FIG. 20B, and the value Fe of the focusing error 
Signal is positive. 
When the objective lens 111 is apart from the disk D 

(indicated by dotted lines), the spot (R) on the third photo 
detecting element 124 is an ellipse oblique to the right lower 
as shown in FIG.20C, and the value Fe of the focusing error 
Signal is negative. 

Accordingly, the result of calculating the equation (1) 
shows a State of the objective lens 111, in-focus, too close to 
the disk, or too part from the disk. As seen from FIG. 21, one 
can know a degree of defocusing of the objective lens 111 
from the Signal value Fe. 

The control unit 129 receives a tracking error Signal and 
a focusing error Signal from the Signal processing unit 130, 
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and controls the lens drive unit 112 in accordance with these 
Signals, and hence moves the objective lens 111 in the 
focusing direction and the tracking direction, thereby prop 
erly positioning the objective lens. 
The lens drive unit 112 includes a focusing coil and a 

tracking coil. Currents controlled by the control unit 129 for 
the adjustment of properly positioning the objective lens 
111, are fed to these coils, whereby the objective lens 111 is 
moved in the focusing direction X and the tracking direction 
Z as shown in FIG. 13, and properly positioned. 
Of the reflecting light beams Ro, Rio, Rao, which corre 

spond to the 0-th order reflecting light beams, the reflecting 
light beams Ro and Rao are received by the paired fourth 
photo detecting elements 127 and 128 and the difference 
between them is calculated, in order to generate a magneto 
optical Signal in the Signal processing unit 130. 
The operation of the present or fifth embodiment will be 

described with reference to the related drawings already 
referred to and FIG. 22. 
The laser beams B emitted from the light source 114 are 

split into first to third illuminating light beams Bo, B, B by 
the diffraction grating 115, and converted into parallel light 
beams by the collimating lens 116, pass through the beam 
splitter 117, and are incident on the objective lens 111. 
The objective lens 111 converges the illuminating light 

beams Bo, B, B2 on the recording layer of the magneto 
optical disk D. 
The recording layer of the magneto-optical disk D is 

Vertically magnetizable. Each magnetic domain of the 
recording layer is magnetized in its direction. The light 
beams Bo, B, B2, when reflected on the recording layer, are 
turned in their planes of polarization in accordance with the 
directions of the magnetization (this phenomenon is known 
as the so-called Kerr effect). This phenomenon is illustrated 
in FIG. 22. 
The reflecting light beam R from a magnetic domain in 

the recording layer where is magnetized in an upward 
direction (the domain magnetized in the direction indicated 
by an upward arrow), viz., the magnetic domain Storing data 
“0”, has the plane of polarization, which is turned in the 
plane of polarization by +0 from that of the light beams Bo, 
B, B incident on the recording layer. The reflecting light 
beam R from a magnetic domain where is magnetized in the 
direction as the inverted direction (the domain magnetized in 
the direction indicated by a downward arrow), viz., the 
magnetic domain Storing data “1”, has the plane of 
polarization, which is turned in the plane of polarization by 
-0 from those of the light beams Bo, B, B incident on the 
recording layer. 

Thus, the light beams Bo, B, B are incident on the 
recording layer of the magneto optical disk D, and reflected 
thereon. The reflecting light beams Ro, R, R2, which are 
turned in the planes of polarization depending on the content 
of the data recorded, are incident again on the objective lens 
111. 
The reflecting light beams Ro, R, R are converted into 

parallel light beams by the objective lens 111, and enter the 
beam splitter 117. The reflecting surface 117a of the beam 
splitter 117 directs toward the 3-beams Wollaston prism 118. 
The 3-beams Wollaston prism 118 splits each of those 

three light beams into three light beams, totally nine light 
beams R (Ro, R1, R2, Rio, R11, R12, R2O, R2, R22), and 
these split beams are incident on the reflecting mirror 119. 
The reflecting light beams R' are reflected by the reflect 

ing mirror 119, then converged by the converging lens 120, 
undergo an astigmatism in the cylindrical lens 122, and land 
on the photo detecting unit 123. 
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The photo detecting elements 124a to 124d, and 125 to 
128 of the photo detecting unit 123 produce photo detecting 
Signals representative of intensities of the detected reflecting 
light beams and transfers them to the Signal processing unit 
130. 
The Signal processing unit 130 generates a tracking error 

Signal, a focusing error Signal, and a magneto-optical signal 
using the photo detecting Signals from the photo detecting 
unit 123, and transferS the tracking error Signal and the 
focusing error Signal to the control unit 129, and the 
magneto-optical Signal to an output buffer 131. 

The control unit 129 receives a tracking error Signal and 
a focusing error Signal from the Signal processing unit 130, 
and controls the lens drive unit 112 in accordance with these 
Signals, an hence moves the objective lens 111 in the 
focusing direction Z and the tracking direction X, thereby 
properly positioning the objective lens 111. The magneto 
optical Signal is used as a reproduced data Signal. 
A photo detecting unit according to a sixth embodiment of 

the present invention will be described with reference to 
FIGS. 23 to 28. An optical system shown in FIG. 23 is 
substantially the same as that of the first embodiment. The 
operations of a diffraction grating 215, a 3-beam Wollaston 
prism 218, and the like are Substantially the same as those 
of the corresponding ones in the fifth embodiment shown in 
FIG. 14. The light beams Bo, B, B directed from the 
diffraction grating 215 to the polarizing light beam splitter 
216 are slanted at about 45 with respect to the direction 
perpendicular to the paper Surface in a plane perpendicular 
to the optical axis. 

In the Sixth embodiment, the polarizing light beam splitter 
216 functions as both a reflecting plate and an astigmatism 
causing element. The conventional optical pickup device 
uses a cylindrical lens as an astigmatism causing element 
and a cubic beam Splitter for splitting the reflecting light 
beam coming from the magneto-optical disk D into a plural 
number of light beams which in turn strike the photo 
detecting unit. In this embodiment, one component Substi 
tutes for these two components. This contributes to size 
reduction of the optical pickup device. The deformation 
direction of the light beams due to astigmatization by the 
polarizing light beam splitter 216 are oriented in the hori 
Zontal X direction and vertical direction Y direction on the 
photo detecting elements on the photo detecting unit 223 as 
shown in FIG. 23. 

The 3-beam Wollaston prism 218, as shown in FIG. 24, is 
a cubic prism formed by joining a couple of triangle prism 
218a and 218b along their slanted Surfaces 218c. Each 
triangle prism, Shaped like a right-angled triangle in croSS 
Section, is made of a uniaxial crystal, Such as quartz, rutile, 
lithium niobate or calcite. The crystal axes of the triangle 
prisms 218a and 218b are at right angles to the optical axis 
of the reflecting light beams R, and at about 45, for 
example, to each other. The reflecting light beams Ro, R, R 
entering the 3-beams Wollaston prism 218 are those illumi 
nating light beams Bo, B, B which are split, while being 
Slanted at about 45, by the diffraction grating 215 and 
reflected on the magneto-optical disk D. Accordingly, those 
light beams are incident on the 3-beam Wollaston prism 218 
in a Stat that those split light beams are Slanted, as shown. 
When passing through the slanted surfaces 218c of the 
triangle prisms 218a and 218b of the 3-beam Wollaston 
prism 218, these beams are refracted in different directions 
depending on the directions of the polarization thereof. AS a 
result, these beams are split into first group of light beams 
Ro, R, R2 as a P polarized light component, a Second 
group of light beams Rao, R, R2 as an S polarized light 
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component, and a third group of light beams Ro, R, R2 as 
the combinations (S+P) of those light components. These 
Split light beams are incident on the photo detecting ele 
ments 224 to 228 of the photo detecting unit 223, in the form 
of a parallelogram. 
The photo detecting unit 223 is constructed as shown in 

FIG. 25. In the photo detecting unit 223, a first photo 
detecting element 225 receives the reflecting light beam R 
of three reflecting light beams R, R, R, which are split 
by the 3-beam Wollaston prism 218 and the +1st order (of 
diffraction) reflecting light beams. A second photo detecting 
element 226 receives the reflecting light beam R2 of those 
three reflecting light beams R, R2, R2, which are split by 
the 3-beam Wollaston prism 218 and the -1st order reflect 
ing light beams. A third photo detecting element 224 consists 
of 4-divided photo detecting elements 224a to 224d which 
receive in divided form the central reflecting beams Ro of 
three reflecting light beams Ro, Rio, Ro, which are split by 
the 3-beam Wollaston prism 218 and the 0-th order reflecting 
light beams. Paired fourth photo detecting elements 227 and 
228 receive respectively the reflecting light beams Ro and 
Rao, located on both sides of the central reflecting beam Ro. 
These photo detecting elements 224a to 224d, and 225 to 
228 produce photo detecting Signals representative of inten 
Sities of the detected reflecting light beams and transfers 
them to a signal processing unit, not shown. Usually, the 
array of the reflecting light beams Ro and Rao are perpen 
dicular to that of the reflecting light beams R and R, as 
shown in FIG. 5. In this embodiment, however, the angle of 
these arrayS is not a right angle. The reason for this follows. 
The beams deformed through the astigmatism of the polar 
izing light beam splitter 216 are directed as indicated by 
dotted lines in FIG. 25. Because of this, the dividing line of 
the photo detecting element 224 is oblique. Usually, the 
photo detecting elements 225 and 226 for receiving the light 
beams for forming a tracking error Signal are located on the 
extension of the dividing line. It is for this reason that the 
light beams arrays are disposed at an angle, not right angle. 
AS shown in FIG. 26, the reflecting light beams Ro, R, R 

going to the polarizing light beam splitter 216 are conver 
gent. Because of this, a light beam S. below than the optical 
axis is more greatly refracted by the polarizing light beam 
Splitter 216 than a light beam S. higher than the optical axis. 
Therefore, a focal point P on the Y-Z plane is at a position 
displaced a distance y below the optical axis. The light 
beams S and S are respectively in parallel with the incident 
light beams when these beams emanate from the polarizing 
light beam splitter 216. However, these beams, which should 
be focused at a point Q, are converged at the point P 
displaced to the right from the point Q Since these are 
displaced by the refraction. Since the influence of the 
refraction by the polarizing light beam splitter 216 on the 
change of the optical paths of the light beams on the X-Z 
plane is negligible, the paths of the light beams are indicated 
by one-dot chain lines after the beams are incident on the 
polarizing light beam splitter 216. It can be considered that 
the focusing point lies at the point Q on the X-Z plane. 
Planes perpendicular to the optical axis which contain the 
points P and Q are denoted as c and a, respectively. A plane 
as the perpendicular at Substantially about midpoint between 
these planes c and a is denoted as b. The spots (images) in 
these planes a, b, and c are a circle, and Oval Segments being 
perpendicular to each other, respectively as shown in FIG. 
27A, 27B, 27C. 

Accordingly, if the objective lens 211 is apart from the 
magneto-optical disk D, the Spot is a horizontal ellipse in the 
plane c as shown in FIG. 27B. The value Fe (Ra--Rc)-(Rb+ 
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Rd) of the focus error Signal has a minus sign. If the 
objective lens 211 approaches to the magneto-optical disk D, 
the Spot is a vertical ellipse in the plane a as shown in FIG. 
27C. The value Fe of the focus error Signal has a plug sign. 

Accordingly, the result of calculating the equation (1) 
shows a State of the objective lens 211, focus, too near to the 
disk, or too far from the disk, as in the fifth embodiment. As 
Seen from FIG. 21, one can know a degree of defocusing of 
the objective lens 211 from the signal value Fe. 

The operation of the sixth embodiment will be described. 
The laser beams B emitted from the light source 214 are 

Split into first to third illuminating light beams Bo, B, B2 by 
the diffraction grating 215, and these split light beams are 
directed toward the objective lens 211 by the polarizing light 
beam splitter 216. 

The objective lens 211 converges the illuminating light 
beams Bo, B, B2 on the recording Surface of the magneto 
optical disk D. 

Thus, the light beams Bo, B, B are incident on the 
recording layer of the magneto-optical disk D, and reflected 
thereon. The reflecting light beams Ro, R, R2, which are 
turned in the plane of polarization depending on the content 
of the data recorded, are incident again on the objective lens 
211. 

The reflecting light beams Ro, R, R2 emanate from the 
objective lens 211, pass through the polarizing light beam 
splitter 216, and are incident on the 3-beam Wollaston prism 
218. 

The 3-beam Wollaston prism 218 splits each of those 
three light beams into three light beams, totally nine light 
beams R (Ro, R1, R2, Rio, R11, R12, R2O, R2, R22), and 
these split beams are incident on the photo detecting unit 
223. 

The photo detecting elements 224a to 224d, and 225 to 
228 of the photo detecting unit 223 produce photo detecting 
Signals representative of intensities of the detected reflecting 
light beams and transferS them to the Signal processing unit. 

The Signal processing unit generates a tracking error 
Signal, a focusing error Signal, and a magneto-optical signal 
using the photo detecting Signals from the photo detecting 
unit 223, and transferS these signals to the control unit. 

The control unit receives a tracking error Signal and a 
focusing error Signal from the Signal processing unit, and 
controls the lens drive unit in accordance with these signals, 
and hence moves the objective lens 211 in the focusing 
direction Z and the tracking direction, thereby properly 
positioning the objective lens 211. The magneto-optical 
Signal is used as a reproduced data Signal. 

The photo detecting unit 223 may also be constructed as 
shown in FIG. 28. In the photo detecting unit 223, a first 
photo detecting element 225' receives the reflecting light 
beams R, R, R2. A Second photo detecting element 226' 
receives the reflecting light beams R2, R2, R22. A third 
photo detecting element 224 consists of 4-divided photo 
detecting elements 224a to 224d which receive in divided 
form the central reflecting beam R. Paired fourth photo 
detecting elements 227 and 228" receive respectively the 
reflecting light beams Ro and Rao. With this construction, 
the tracking error Signal is more intensified. 

It should be understood that the present invention is not 
limited to the Specific embodiments as mentioned above, but 
may variously be changed, modified, and altered within the 
Scope of the invention. For example, the optical pickup 
device of the invention may be applied to a magneto-optical 
disk for mini-disk as a recording medium as well as a 
magneto-optical disk for MO. In the optical System, the 
beam splitter for Splitting the illuminating light beams and 
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the Wollaston prism may be formed in a Single unit con 
struction viz., the multi-functional Wollaston prism. 
AS Seen from the foregoing description, the collimatorless 

optical System is employed for the magneto-optical 
recording/reproducing pickup device of the invention. 
Accordingly, the optical pickup device may be constructed 
not using the collimating lens and the converging lens. The 
result is reduction of the number of required parts, Simplified 
construction, and realizing of a compact and low-cost opti 
cal pickup device for magneto-optical disk. In the optical 
pickup device using the Wollaston prism, the angle adjust 
ment is easier than in the optical pickup device using the 
plate analyzer such as 18 shown in FIG. 2. It is available at 
low cost. Further, there is no need of using the half-wave 
plate in constructing the optical pickup device. This feature 
also contributes to the cost reduction. 

Reduction of the distance between the light Source and the 
polarizing beam splitter is possible by employing the posi 
tive singlet. Because of this, the size reduction of the optical 
pickup device and an efficient use of the light beam emitted 
from the light source as well are realized. For the aberration 
correction, the positive Singlet may be used in addition to the 
objective lens. This indicates an easy aberration correction 
in the Overall optical System of the pickup device. 

Since the multifunctional Wollaston prism having both 
functions of the polarizing beam splitter and the cylindrical 
lens is used, the number of required parts is reduced. Further, 
the positive Singlet is provided between the light Source and 
the Wollaston prism. Accordingly, the optical length is 
reduced. This leads to the Size and cost reduction of the 
optical pickup device, an efficient use of the light beam 
emitted from the light source, and an increase of the output 
power to the disk. For the aberration correction, the positive 
Singlet may be used in addition to the objective lens. This 
indicates an easy aberration correction and easy design of 
the overall optical System of the pickup device. The con 
Verging position of the light beams on the photo detecting 
elements of the photo detecting unit may be adjusted by 
moving the positive Singlet along the optical axis. The 
Structure is simpler and the position adjustment is easier than 
in adjusting component with an electrical wiring, Such as the 
photo detecting unit. 

Since the diffraction grating and the positive singlet may 
be formed in a Single construction, the assembling work and 
the adjustment are easy, the construction is simple, more 
OWC. 

At least, three reflecting light beams are incident on each 
of the first and Second photo detecting elements. 
Accordingly, a photo detecting element which can produce 
a large tracking error Signal is realized. 
At least, three reflecting light beams are incident on each 

of the first and Second photo detecting elements. 
Accordingly, an optical pickup device which can produce a 
large tracking error Signal is realized. 
A ratio of the 0-th order (of diffraction) light beam to the 

light beams of the 1st order light beams is selected within 
a preset range. Therefore, the present invention Succeeds in 
providing an optical pickup device which can increase the 
amplitudes of the magneto-optical signal and the focusing 
error Signal. 

Since the basic Split-light quantity ratio by the 3-beam 
Wollaston prism is Selected within a preset range, an optical 
pickup device of the present invention can produce a 
magneto-optical Signal having large amplitudes. 
An angle between a line connecting the centers of the first 

and Second photo detecting elements and a line connecting 
the paired fourth photo detecting elements are not a right 
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angle. Accordingly, a photo detecting element well adapt 
able for an optical system in which the direction of the 
Splitting by the diffraction grating is at an angle, not a right 
angle, to the direction of the splitting by the Wollaston 
prism, is realized. Additionally, use of the plate beam splitter 
reduces the size of the optical pickup device. 
What is claimed is: 
1. A magneto-optical recording/reproducing pickup 

device without a collimator, comprising: 
a light Source for generating light beams, 
a diffraction grating for Splitting the light beam emitted 
from the light Source into at least three light beams, 

an objective lens for converging at leas three light beams 
emitted from the light Source on a magneto-optical 
recording medium where the at least thee light beams 
are at least partially reflected forming reflecting light 
beams, and receiving the reflecting light beams from 
the recording medium, the magnification of the objec 
tive lens being -6.0 to less than -12.0 when an object 
point lies at a signal Surface of the magneto-optical 
recording medium; 

a beam Splitter for Separating the light beams coming 
from the light Source and incident on the objective lens 
from the light beams coming through the objective 
lens; 

a Wollaston prism for splitting the reflecting light beams 
coming from the magneto-optical recording medium 
through the beam Splitter, and 

a photo detecting unit including a plural number of photo 
detecting elements for detecting the light beams ema 
nating from the Wollaston prism. 

2. The magneto-optical recording/reproducing pickup 
device as claimed in claim 1, further comprising a positive 
Singlet for reducing a degree of divergence of the light 
beams diverging from the light Source, which is provided 
between the light Source and the objective lens, the total 
magnification of the device including the objective lens and 
the positive singlet being -3.0 to -6.0. 

3. The magneto-optical recording/reproducing pickup 
device as claimed in claim 2, wherein Said diffraction grating 
and Said positive Singlet are formed in a Single construction 
which is positionally adjustable in a turning direction and an 
optical axis direction. 

4. The magneto-optical recording/reproducing pickup 
device as claimed in claim 1, wherein a concave lens, 
movable along an optical axis for focusing the reflecting 
light beams on the photo detecting element, is provided 
between the Wollaston prism and the photo detecting ele 
ment. 

5. The magneto-optical recording/reproducing pickup 
device as claimed in claim 1, wherein the diffraction grating 
Splits the light beams from the light Source into the light 
beams of +1st order of diffraction and the light beams of 0-th 
order of diffraction, each of these light beams being Split into 
at least three light beams by the Wollaston prism, the light 
beams of at least 3x3 being incident on the photo detecting 
element of the photo detecting unit in the form of a 
parallelogram, the photo detecting unit includes a first photo 
detecting element for receiving the light beams of the +1st 
order of diffraction, a Second photo detecting element for 
receiving the light beams of the -1st order of diffraction, a 
third photo detecting element, consisting of a plural number 
of photo detecting elements, for receiving in divided form 
the central light beam of the three light beams on the 0th 
order of diffraction, and a pair of fourth photo detecting 
elements for receiving respectively the reflecting light 
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beams located on both sides of the central reflecting beam of 
the three light beams split by the Wollaston prism of the O-th 
order, and an angle between a line connecting the centers of 
the first and Second photo detecting elements and a line 
connecting the paired fourth photo detecting elements is not 
a right angle. 

6. The magneto-optical recording/reproducing pickup 
device as claimed in claim 1, wherein the diffraction grating 
Splits the light beams from the light Source into the light 
beams of +1st order of diffraction and the light beam of 0-th 
order of diffraction, each of these light beams being Split into 
at least three light beams by the Wollaston prism, the light 
beams of at least 3x3 being incident on the photo detecting 
elements of the photo detecting unit, and the photo detecting 
unit includes a first photo detecting element for receiving at 
least three light beams of the +1st order of diffraction, a 
Second photo detecting element for receiving at least three 
light beams of the -1st order of diffraction, a third photo 
detecting element, consisting of a plural number of photo 
detecting elements, for receiving in divided form the central 
light beam of the three light beams of the 0-th order of 
diffraction, and a pair of fourth photo detecting elements for 
receiving respectively the reflecting light beams located on 
both sides of the central reflecting beam of the three light 
beams split by the Wollaston prism of the 0-th order of 
diffraction. 

7. The magneto-optical recording/reproducing pickup 
device as claimed in claim 6, wherein the ratio of the 
quantities of the 0th order to +1st order of diffraction, caused 
by the diffraction grating, is Set within a range of 8.5 to 15. 

8. The magneto-optical recording/reproducing pickup 
device as claimed in claim 6, wherein the Wollaston prism 
Splits the received light beams into an ordinary ray, an 
extraordinary ray, and a light beam as the combination of the 
ordinary ray and extraordinary ray, and the ratio of the 
quantities of the ordinary ray and the extraordinary ray to the 
whole light quality is within 30 to 45%. 

9. The magneto-optical recording/reproducing pickup 
device according to claim 1, in which the magnification of 
the objective lens is within -7.0 to -9.0. 

10. A magneto-optical recording/reproducing pickup 
device without a collimater comprising: 

a light Source for generating light beams, 
a diffraction grating for splitting the light beam emitted 

from the light Source into at least three light beams, 
an objective lens for converging at least three light beams 

emitted from the light Source on a magneto-optical 
recording medium where the at leas three light beams 
are at least partially reflected forming reflecting light 
beams, and receiving the reflecting light beams from 
the recording medium, the magnification of the objec 
tive lens being -6.0 to less than -12.0 when an object 
point lies at a signal Surface of the magneto-optical 
recording medium; 

a Wollaston prism for causing an astigmatism including a 
polarizing light Splitting film for Separating the light 
beams coming from the light Source and incident on the 
objective lens for the light beams coming through the 
objective lens, the Wollaston prism being composed of 
a first prism joined to a Second prism made of crystal, 
a plane including the optical axis of the reflecting light 
beam coming in through the objective lens and the 
optic axis of the first prism, is at an angle, not a right 
angle, to a plane including that optical axis and the 
optic axis of the Second prism, the Wollaston prism is 
disposed in the optical path of the reflecting light beams 
as light beams being convergent and not parallel in a 
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State that is Slanted with respect to the optical axis, 
whereby causing an astigmatism, 

a positive Singlet provided between the light Source and 
the objective lens, the total magnification of the device 
including the objective lens and the positive Singlet 
being -3.0 to -6.0; and 

a photo detecting unit including a plural number of photo 
detecting elements for detecting the light beams ema 
nating from the Wollaston prism. 

11. The magneto-optical recording/reproducing pickup 
Service device as claimed in claim 10, wherein the diffrac 
tion grating and the positive singlet are formed in a Single 
construction which is positionally adjustable in a turning 
direction and an optical axis direction. 

12. The magneto-optical recording/reproducing pickup 
device as claimed in claim 10, in which the diffraction 
grating Splits the light beams from the light Source into light 
beams of +1st order of diffraction and a light beam of 0-th 
order of diffraction, each of these light beams being Split into 
at least three light beams by the Wollaston prism, the light 
beams of at least 3x3 being incident on the photo detecting 
elements of the photo detecting unit in the form of a 
parallelogram, the photo detecting unit includes a first photo 
detecting element for receiving the light beams of the +1st 
order of diffraction, a Second photo detecting element for 
receiving the light beams of the -1st order of diffraction, a 
third photo detecting element, consisting of a plural number 
of photo detecting elements, for receiving in divided form 
the central light beam of the three light beams of the O-th 
order of diffraction, and a pair of fourth photo detecting 
elements for receiving respectively the reflecting light 
beams located on both sides of the central reflecting beam of 
the three light beams split by Wollaston prism of 0-th order 
of diffraction, and an angle between a line connecting the 
centers of the first and Second photo detecting elements and 
a line connecting the paired fourth photo detecting elements 
is not a right angle. 

13. The magneto-optical recording/reproducing pickup 
device as claimed in claim 10, wherein the diffraction 
grating Splits the light beams from the light Source into light 
beams of +1st order of diffraction and a light beam of 0-th 
order of diffraction, each of these light beams being Split into 
at least three light beams by the Wollaston prism, the light 
beams of at least 3x3 being incident on the photo detecting 
elements of the photo detecting unit, and the photo detecting 
unit includes a first photo detecting element for receiving at 
least three light beams of the +1st order of diffraction, a 
Second photo detecting element for receiving at least three 
light beams of the -1st order of diffraction, a third photo 
detecting element, consisting of a plural number of photo 
detecting elements, for receiving in divided form the central 
light beam of the three light beams of the 0-th order of 
diffraction, and a pair of fourth photo detecting elements for 
receiving respectively the reflecting light beams located on 
both sides of the central reflecting beam of the three light 
beams split by the Wollaston prism of the 0-th order of 
diffraction. 

14. The magneto-optical recording/reproducing pickup 
device as claimed in claim 13, wherein the ratio of the 
quantities of the 0-th order to +1st order of diffraction, 
caused by the diffraction grating, as Set within a range of 8.5 
to 15. 

15. The magneto-optical recording/reproducing pickup 
device as claimed in claim 13, wherein the Wollaston prism 
Splits the received light beams into an ordinary ray, an 
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extraordinary ray, and a light beam as the combination of the 
ordinary ray and extraordinary ray, and the ratio of the 
quantities of the ordinary ray and the extraordinary ray to the 
whole light quantity is within 30 to 45%. 

16. The magneto-optical recording/reproducing pickup 
device as claimed in claim 10, wherein the magnification of 
the objective lens is within -7.0 to -9.0. 

17. A photo detecting unit for receiving the reflecting the 
light beams formed in a manner that a light beam is split into 
at least three light beams of 0-th order and +1st order of 
diffraction by a diffraction grating, the Split light beams are 
incident on a recording medium without using a collimator, 
the light beams reflected on the recording medium are each 
split into at least three light beams by a Wollaston prism, 
Said photo detecting unit comprising: 

a first photo detecting element for receiving the light 
beams of the +1st order of diffraction; and 

a Second photo detecting element for receiving the light 
beams of the -1st order of diffraction. 

18. A magneto-optical recording/reproducing pickup 
device without a collimator comprising: 

a light Source for generating light beams, 
a diffraction grating for Splitting a light beam emitted 

form the light Source into at least three light beams of 
0-th order and t1st order of diffraction; 

an objective lens for converging the at least three light 
beams split by the diffraction grating on a recording 
medium, and receiving the reflecting light beams from 
the recording medium where the at least three light 
beams are at least partially reflected forming reflecting 
light beams; 

a Wollaston prism for Splitting the reflecting light beams 
coming in through the objective lens into at least three 
light beams, 

a photo detecting unit for receiving at least nine reflecting 
light beams from the Wollaston prism, said photo 
detecting unit including a first photo detecting element 
for receiving at leas three light beams of the +1st order 
of diffraction, a Second photo detecting element for 
receiving at least three light beams of the -1st order of 
diffraction, a third photo detecting element, consisting 
of a plural number of photo detecting elements, for 
receiving in divided form the central light beam of the 
three light beams of the 0-th order of diffraction, and a 
pair of fourth photo detecting elements for receiving 
respectively the reflecting light beams located on both 
Sides of the central reflecting beam of the three light 
beams split by the Wollaston prism of the 0-th order of 
diffraction; and 

lens drive means for driving the objective lens for posi 
tioning adjustment. 

19. The magneto-optical recording/reproducing pickup 
device as claimed in claim 18, wherein the ratio of the 
quantities of the 0th order to +1st order of diffraction, caused 
by the diffraction grating, is Set within a range of 8.5 to 15. 

20. The magneto-optical recording/reproducing pickup 
device as claimed in claim 18, wherein the Wollaston prism 
Splits the received light beams into an ordinary ray, an 
extraordinary ray, and a light beam as the combination of the 
ordinary ray and extraordinary ray, and the ratio of the 
quantities of the ordinary ray and the extraordinary ray to the 
whole light quantity is within 30 to 45%. 
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