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BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

This in§ention relates to an_optical pickup and an optical
recording medium reproducing apparatus, and more particularly, to
that are suitable for reprdducing data from an magneto-optical

_recording medium.

DESCRIPTION OF THE RELQTED ART

Heretofore, in a magneto-optical recording medium
reproducing apparatus, an -optical pickup 1 for recording and
reproducing a magneto—optical disc having a construction of Fig.
1 is provided. In the optical pickup 1, a light emitted frpm a
laser diode (LD) 2 is focused on a disc 5 through a éoralizétion
beam splitter (PBS) 3 and an objective lens 4, and.the light
reflegted to the disc 5 is guided to a photodetector (PD) 7
throuéh the objective lens 4, the boralization beam splitter 3,
and a multilens 6.

In the actual optical pickup 1, optical parts, such as the
laser diode 2, photodetector 7, and polarizatioq beam splitter 3
are prqvided.separativeiy, so that an optical piﬁkgp for
'recording and reproducing a magneto-optical disc is insufficient

in downsizing and improvement of the reliability.
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Besides, as an element for reproducing an optical recording
medium, there have been known a composite optical element in
which a laser diode, a photodetector, and a prism for light beam

splitting which is placed on the photodetector are mounted on the

'samé board (See U.S. Patent 4,823,331), and a monolithic light

receiviﬁg and emitting device in which a lighf emitting unit and
a raising mirror which are formed by the semiconductor process
and a light receiving unit are proﬁided (See Japanese laid open
patent application No. 114746/1995).

In the use of a light receiving and emitting element of non-
polarization optical system is applied, it is impossible to
detect a magneto+opti§al signal, that is being impossiéle to
reproduce a magneto-optical disc. '

'Therefore, it is considered thét the use of a one-
dimensional metal grid being wire grid as a polarizer in
detection of a magneto-optical signai. A one-dimensional metal
grid for the infrared rays range which has a wavelength about 3
to 10 pm, as shown in Fig. 2, is formed by many wires 9 placed in
parallel with each other. Wherein, when the pitch "q" ig
selected shorter than the wavelength A of an inciden; lighf, such
a dharacteristic that reflects a polafization component parallel
to the wires 9 (P polarization) and transmits a polarization

component perpendicular to the wires 9 (S polariéa%ion)f The

one-dimensional metal grid 8 operates as a polarizer by utilizing
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this characteristic.

In the use of the one-dimensional metal grid 8 as a
polarizer, two conditions should be satisfied that the ratio b/d-
of the width "b" of the wire 9 to the pitch "d" is b.d4 '0.5, and
the ratio A/d of the wavelength A to the p;tch "d" is A/d = 5.
Thereforé, to polarize light in the visible and near-infrared
regions, for example, iight.about 780 nm in wavelength; the pitch
"d" needs to be a small value about 100 nm when the refractive
index of.an ambient medium is taken into account, and thus such a
grating is extremely difficult to fabriéate.

L

SUMMARY OF THE INVENTION

In view of the foregoing, an object of this invention is to
provide an opfical pickup for a'magneto~optical recording medium
and a magneto-optical recording medium reproducing apparatus
which are smaller, mofe reliable, and that it ié easy to
fabricate. |

The foregoing objects and other objects of the invention
have been achieved by the provisioﬁ of a one-dimensional metal
grid that is formed so that the ratio h/d of the pitch "4" to_the
thickness "h" of a metal conductor COnétituting a wire grid, is..
about 0.1 or mofe, and a group of light receiving elemehts
receiving light separated by the one-dimensional-metal grid.

By forming a resonance region in thé characteristics of

transmission and reflection of the one-dimensional metal grid by
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utilizing the thickness of a metal conductor constituting one-
dimensional metal grid, a smaller and more reliable optical
pickup for a magnéto—optical recording medium can be accomplished
comparing with their conventional equivalents.

The nature, principle and utility of tﬁe invention will
become more apparent from thé following detaiied description when
read in qonjunction with the accdmpanying drawings in which like

parts are designated by like reference numerals or characters.

BRIEF DESCﬁIPTION OF THE DRAWINGS

In the accompanyifig drawings:

Fig. 1 is a schematic diagram showing the arrangement of é'
pickup:;

Fig. 2 is a schemafic diagram showing the arrangement of
one~dimensional metal grid;

Fig. 3 is a schematic diagram showing fhe general
construction of the optical recording medium reproducing .
apparatus according to this invention;'

Fig. 4A is a schematic diagram showing the arrangement of
the opticai ﬁickup_according to this invention;

Fig. 4B is a blbck diagram showing the signal processing
circuit of a photodetector:; |

Fig. 5 is a characteristic curvilinear diagiéﬁ'showing the

occurrence of a resonance region (when h/d = 0.1, it occurs at
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about ko/d) in the relation between Ts and xo/d when b/4d = 0.4;
| Fig. 6 is a cross section of one-dimensional metal grid;

Fig. 7 is a schematic diagram showing a coordinate system
for the cross section of one-dimensional metal grid; |

Fig. 8 is a characteristic curvilinear diagram showing the
relation between the'ratio of wavelength to the pitch on the one
hand énd the S polarization transmittance and. the P polarization
transmittance on the otherhand according to the conventional
design theory;

Fig. 9 is a éharacteriétic curvilinear diagram showing the
relation between the ;?tio of wavelength to the pitch and the
transmittance,'the relétion as found by the modal expahsion
methods is used; |

Figs. 10A and 10B are characteristic curvilinear diagrams
showing the characteristics of the S polarization wave
transmittance and the S polarization wave reflectance, when h/d
0.1; . |

Figs. 11A and 11B are characteristic curvilinear diagrams
showing the characteristics of the S polarization wave
transmittance and the S polarization wave reflectance, when h/d.
0.5; -

Fig. 12 is a characteristic curvilinear diagrém showing the
characteristics of the S polarization wave transmittance, when
h/d = 0.01;"

Figs. 13A and 13B are characteristic curvilinear diagrams



showing the characteristics of the P
transmittance and the P polarization

0.1;

polarization wave

wave reflectance, when h/d

Figs. 14A and 14B are characteristic curvilinear diagrams

showing the characteristics of the ?

transmittance and the P polarization

0.5:;

polarization wave

wave reflectance, when h/d

"Figs. 15A and 15B are characteristic curvilinear diagrams

showing the characteristics of the 'S
transmittance and the P polarization
0.4; : d

Figs. 16A and iGB are schematic
coordinate system at a cross section
grid;

Figs. 17A and 17B are schematic

arrangement of the optical pickup in

polarization wave

wave reflectance, when h/d

diagrams showing a

of one-dimensional metal

diagrams showing the

the embodiments;

Fig. 18 is a schematic diagram showing the relation between

the angle of incidence and the one-dimensional metal grid in the

embodiments:;

Fig. 19 is a characteristic curvilinear diagram showing the

characteristics of the ratio d/lg in

Figs. 20A and 20B are schematic

the embodiments;

diagrams showing the

relation between the angle of incidence and the oné-dimensional

metal grid in the embodiments:



Fig. 21 is a schematic diagram showing another relation
between the angle of incidence.and the one-dimensional metal grid
in the embodiments:;

Fig. 22 is a characferistic curvilinear diagram showing the
characteristics of the ratio d/xg in Fig. 21;

Figs. 23A and 23B are schematic diagrams showing 6ther
arrangement of the optical pickup:;

Fig. 24 is a schématic diagram showing the relation between
incident light and one-dimensional metal grid;

Fig. 25 is a characteristic curvilinear diagram showing the
characteristics of the'ratib d/lo in Fig. 24; and '..

Figs. 26A and 26B are schematic diagrams showing other

arrangement of the optical pickup.

DETAILED DESCRIPTION OF THE EMBODIMENT

Preferred embodiments of this invention will be described
with reference to the accompanying drawings:
(1) Optical recording medium reproducihg apparatus .
- (1-1) General construction of optical recording medium recording
and reproduding apparatus |

Fig. 3 shows a magnexo—eptical'recording and reproducing
apparatus 10 as an example of optical recording medium
reproducing apparatus. |

In the magneto-optical reéording and reproducing apparatus,

a laser light is focused on a magneto-optical disc 12 by an



optical pickup 11 to irradiate a spot of light with a
predetermined intensity necessary for magneto-optical recording
and reproducing on the disc. The light reflgcted to the magneto-
opticai disc 12 is received by the optical pickﬁp 11 and
converted to a detection SignalQ Thén the detection signal is
current-to-voltage converted by an I-V amplification circuit 13.
The signai output from the I-V amplification circuit 13 is
calculated at a matrix circuit 14 and a tracking error signal S1,
a focus error signal S2, a magneto;optical signal S3, and an
information signal S4 are-output. In reproducing, the mggneto—
opticai signal S3 and .fhe information signal S4 are demodulated
and decoded by a demodulating and decoding circuit 15, and then
o;tput to a_digital—tq—analog (D/A) converting circuit 16.
Thereby, reprodﬁction output of an analog.signal is output from
the magneto-éptical recording and reproducing apparatus 10.
(1-2) Optical pickup

'Fig. 4A shows an embodiment of the arrangement of the
optical pickup 11 to be brovided in the'magneto-optical recording
and reproducing apparatus 10.. The optical pickup 11-is composed
of: a laser light source 21 for emitting a light bea@;
photodetectors 23a, 23b for détectiﬂg a signal of a ﬁagneto-
optical disc 22; an objecfive lens 24 for focusing the emitfed
light from the laser light source 21 on the Sigﬁ;i"fecording

surfacé of the magneto-optical disc 22; an optical wave director
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25 for ref1ecting the emitted light to the objective lens 24 and
directihg the reflected light to the phofodetectors 23a, 23b; a
board 26 mounting the laser light source 21, the phétodetectors
23a, 23b, and the optical wave director 25 on; and a supporf 26A
supporting the board 26. The optical wave director 25 is
composed of: a beam éplitter film 27 for reflecting the emitted
light from the light source 21 and transmitting ﬁhe returned
light from the magneto-optical disc 22; one-dimensional metal
‘grid 28 for transmitting.a predetermined polarization component
in the light beam that transmitted through the beam splitfer film
27 and directing that E?.the photodetector 23, and for reflecting
other polarization components; and all reflection films 29 for
refiecting the light beam reflected by the one-dimensional metal
grid 28 to the photodetector 23b. It is assumed that the beam
splitfer film 27 has an S polarization trahémittance Ts of 30%
and.a P polarization transmittance Tp of 65%.

Here, the one-dimensional metal grid 28 satisfies the
requiremént of h/d 2 0.1 regarding the relation between the
thickness "h" of the wire 28A and fhe pitch "d", so that it
ope;ates_in the resonance region as described below. If the
predeterm;ﬁed requirements are satisfied in the one-dimensioﬁal
metal grid 28, P polarized light which is parallei to the wire
grid (the electric filed is parallel with the wire grid) is
reflected and S polarized light which is perpendicular to the

wire grid (the electric field is at right angles to the wire
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grid) is transmitted. As for the one-dimensional metal grid 28,
it is assumed that the wire of the width is "b", the‘pitch is
"d", and the thickness is "h". Fig. 5 shows the relation between
the S polarization transmittance Ts and io/d when b/d = 0.4 in
variations.of h/d, where AO is the wavelength of light around the
grating, and Ag = A/n. As seen from the graph of Fig. 5, the
“resdnance region" (where the peak of Ts™1l exists) starts at h/d4
0.1 or more. Especially, when h/d = 0.1 and AO/d is about 1, a
steep peak PK is found; By utilization of the resonance region
having the steep peak, Ao/d'become 1/4 the value without using
the resonance region,'éo that the pitch "d" can be increased by a
factor of four, compared with conventional optical pickups under
the constant'wavelength.

Fig. 4B shows the division pattefns and the signal
generation manner of two photodetectors 23a and 23b in the
optical pickup 11. The photodetector 23a, placed relative}y up
the. incident light toward the optical wave director 25, and the
photodeteétor 23b, placed relatively down the incident light, are
divided respectively into four light receiving regions (regions
a, b, ¢, and d for the photodetector 23a, and regions e, f, g;
and h for the photodetecfbr 23b), and the current output from
respective light receiving regions are current/voltage converted
at the I-V amplification circuit 13. Then the d&fﬁﬁt is '

calculated at the matrix circuit 14, as a result, a tracking
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error signal Sl1l, a focus error signal S2, and information signals

S3 and S4 are obtained. The information signal S3 is a magneto-
optical signal corresponding to the Kerr rotation angle of the
reflected light to the magneto-optical disc 12, and the
information signal S4 is an RF signal (light intensity signal)

corresponding to the-pit;

(2) Principle constitution of one-dimensional metal grid

As shown in a cross section of Fig. 6, the one-dimensional
metal grid 28 is constructed based on the theory considering the
ratio of the wavelengtq “h“.and the pitch "d", h/d. 1In the case
where the cross section of the wire 28A of the one-dimensional
metal grid 28 is rectangular, the modal expansion methods can be
applied. In the modal expansidn methods, it is separated the
region between the wires 28A from the region outside the area in
consideraﬁion. In the region outside the area, it is subjected
the Rayleigh expansion (plane-wave expénsion) for the
électromagnefic field in similar Eo the normal refraction theory.
In the region between the wires ZBA (in Fig. 7, 0 £ x £ ¢ and
-h/2 s y £ h/2), it is subjected fhe modal expansion, expansion
into a mode satisffing boundary conditions at x = 0 or x = ¢, for
the electromagnetic field. And a coefficient of expansion is
determined accor&ing to the matching condition between two
expansion methods at 0 = x s d and y = + h/2. The more detail of

the modal expansion will bé described later.
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(2-1) Principle of one-dimensional métal grid

It is described about the principle of a oneQdimensional
metal gfid. It is éssumed that the wire 28A is made of metal
being perfect conductor. On the.modal expansion, the following
expressions are satisfied.

An S polarization wave (a TM wave, that is, the magnetic
field "f" is éarallel to the wire grid 28), is expressed by the

following eguation:

= T X,
£(x,y) = I ¢y (x,¥)
dn(x,¥) = cos(Bm;Q[amsin(pmy)+bmcos(pmy)]
T 2_q 24172
Bp = m ——, up = +(kg“-Bn")
c l.
. ‘. . ... (1)

where a;,, b, are complex amplitude

Equation (1) is derived under the condition that the Neumann
boundary condition is satisfied (the value of the derivative for
the direction of a normal at the interface is zero) when x =.0 or
X = C.

Thus for a TM wave, a 1ight-is transmitted through the
magnetic field betwéen the wires 28A.

A P polarization wa;e'(a TE-ﬁave, that is, the electric

field is parallel, to the wire grid) is expressed by the following

eguation:



13

Pp(x, ¥) = sin(Byx) [apsin(pgy) + bpcos(pLy)] ee. (2)

Equation (2) satisfies the Dirichlet boundary ¢onditions
(the value is zero at the interface because of no electric field
in the conductor) when x = 0 or x = c.

In this case, the term of zero is nonexistent as to "m"
because sin{(fgx) = 0 forlpo = 0. This means that there is no
electric field in a region between the wires 28A if terms of
first or subsequent degree are neglected.

On the one-dimensional metal grid 28 under the approximate
condition (ﬁeglecting Ferms of m-th degree (m =2 1)), a T™ wave
can be entered a region between one~dimensional metal grid, but a
TE wave cannot. In other words, a TM Qave has an electromagnetic
field-transmitting a light, but a TE wave has no électromagnetic
field thus reflects a light.

(2-2) Difference of modal expansion methods from conventional
theories

Fig. 8 is a graph of the relation of the S polarization
transmittance Ts to. the ratio A/d bf the wavelength A and the
pitch d in a conventional theofy. Fig. 9 is a graph of the
relation of -the S polarization transmittance Ts to the ratio A/d
in the modal expansion methods. As found from thé figures, those
are extremely different.- For comparison of those and obtaining
of the S polarization reflectance Rs and the P polariiétion

reflectance Rp, its theorical refraction will be implemented that
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Oth degree (main transmitted and reflected light) and % 1st
degree (evanescent wave) in Rayleigh expansion, and also 0Oth
degree (S polarization wave and TM wave) and lst degree (P
polarization wave and TE wave) (P polarization Qaves have no Oth-
degree mode) in moda; expansion.

It approximates only terms of low degree as the above,
obtains vaiues of S polarization transmittance Ts, P polarization
transmittance Tp, S polarization reflectance Rs, and P
polarization reflectance Rp, and makes the graph by using
Mathematica in the following conditions: |
(1) the light is incided perpendicularly,

(2) the wire is made of metal being perfect condﬁctors, and

(3) thé pitch "g" satisfie# d = 2c.

| It will be described. about an S polarization wave (TM. wave).
Figs. 10A and 10B show chahges in S polarization transmittance Ts
and S polarization reflectance Rs, occurring at h/d = 0.1 (a wire
thickness "h" is thin), and Figs. 11A and 11B show that occurring
at h/d = 0.5 (a wife thickness “h“,ié thick, and the cross
section thereof is square).

As shown in these figu¥es, the curve at h/d = 0.5 in Fig.
11A is more similar to the curve in the modal expansion methods
in Fig. 9 than the curvé at h/d = 0.1 in Fig. 10A. In addition
" to this, as shown in Figs. 10A and 10B, as the wiré thickness "h"

is reduced, the curve is similar to the curve in a conVentiqnal
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\\\\\\5*“‘:?T°fY in Fig. 8. For example, at h/d = 0.0l (the wire thickness

is ultra~thin), the transmittance is almost same as the curve

{Fig. 8.

T In a P polarization wave (TE wave), as shown in Figs. 13A
and 13B, the P polarization wave-transmittance Tp and the P
polarization wave reflectance Rp at h/d = 0.1 are:similar to the
curve in a conventional theory in Fig. 8, as in the case of an §
polarization wave. On the contrary, as .shown in Figs. 14A and
14B, the P polarization wave transmittance Tp and the P
polarization wave reflectance Rp at h/d = 0.5 are similar to the
curve in the modal ;xpgpsion methods in Fig. 9.

N Considering the case-éf S polarization wave, Figs. 13A, 13B,
14A, and 14B show the following which cannof be derived on |
conventional design theories.

At h/d = 0.5 (the cross section of a wire is square), the
value of A/d at Ts = 1 is in the resonance area where A/d ~ 1.4,
and Rp > 0.99. Assuming A = 780 nm, the pitch "d" - 550 nm and
the wire thickness "h" ~ 275 nm for A/d " 1.4, so that it becomes
easy in size to pfpduce. That is,'the resonance region can be
ﬁsed to evade a conventional problem on production of A/d = 5.

As described above, conventional design theories hold true
of thin wire only. In the above embodiment, however, increasing
wire thickness allows the pitch to_be increased... Also, it has

been found that when wire thickness is reduced, starting at h/d =

- 0.5, the peak value of A/d at which Ts = 1 approaches "1", and
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Fn wiré thickness is furthgr reduced, the extinction ratio’

&Tp of a P polarization wave is reduced.

{-3) Feasibility of one-dimensional metal grid analyzer

| When the cross section of a one-dimensional metal grid is
square (d “.550 nm, h = 275 nm), thelextinction ratio Ts/Rs = «,
and Rp/Tp > 200. To solve the problem on production, it is
needed to reduce the ratio h/d. '

At h/d = 0.4 as shown in Figs. 15A and 153; Ts/Rs = =, and
Rp/Tp ~ 40 when d = 618 nm, and h = 247 nm. It is extremeiy
difficult, in general, to produce a wire with the pitch of ~ 0.5
pm or less, that is difficult even with the pitch of 0.5 to 1 pm.
‘The ;esults of tests according to thé present invention, however,
have'shown that a one-dimensional metal grid analyzer offeré
"satisfactory performance under the following cpnditions:

(1) the light is incided perpendicularly, |

(2) the wire is made of perfect conductors,

(3) the cross section of the ﬁire is square, and

(4) the duty factor of the.signal is 50%.

Tbereby, it was found that a wire gfid constant which is easy in
process of a one-dimensi@nal metal grid analyzer can'be selected.

(3) Coordinate system for one-dimensional metal grid in

embodimenté

Figs. 16A and 16B show the relation of one-dimensional metal
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grid not being perfect conductors to a light beam which is
obliquely incident thereon by ah orthogonal coordinate system.
In Figures, the Z axis is parallel to the wire grid 28, the wave
~vector of the incident light is represented by k, and the

electric field vector of the incident light is represented by a.

The components of the k(a, B, ¥) are expressed by the following

equation:
a = k sin® coso
B = k cosé
y = k sin® sin¢ ' ee. (3)

That k is projected on the X-Y plane is represented by k'
ahd a vector at right angles to k' is represented by u. Assuming
an angle of u and a as §, the transmittance T and the reflectance
R are oxpressed by the following eguation:

Tp sin2s + Ts cos2s

]
]

= Rp sin®s + Rs cos2s coe (4)

b
\

where Tp is P polarization wave transmittance, Ts is'S
polarization wave transmittance, Rp is P polarization wave
reflectance, and Rs is S polarization wave reflectance, being
projected on a projection chart. ‘

'If analyzer requirements are met in the transmittance T and-:
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the reflectance R in Equation (4), the-transmitténce T - coszé
and the reflectance R ~ sin?s in accordance with Rp " 1, Ts ~ 1,
Tp - 0, and Rs - 0. Forty-five-degree differential wave
detection is possible when T = R, that is, when satisfying the

foliowing equation:

sinzé = coszé

' 1
therefore, coszé = — ... {(5)
: > _
When the electric field of theé incident light is represented
by a position vector r, the follQWing equation is satisfied:

»

gl - a.eik'rx ' ... (6)

For the optical pickup ll_shown in Fig. 4A, the electric
field vector a for an incident polarized light is expressed'by
the following equation, by using the wave vector k of the
incident light and the unit vector y" in the direction of the Y

axis:

kxy" *(-r., 0, a)
a = = T e (T

[ kexy" | [(-r, 0, a)|

where the angle of Kerr rotation is ignored.

Being the angle made by the electric field véctor a and the
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vector u at right angles to a, & is expressed by the following
equation:
(a-u)?
cos26 = S 5 ... (8)
lal“|u]
u(g, a, 0) is obtained as u from k'(a, -B, 0), thus the

following equatioﬁ is satisfied based on Equation (8):

(B7)2

(a2+7r2)(a2+B2)

cos28 =

cos28-sin29¢ _
= ... (8)
l—sinze-éin2¢

Equation (5) can be replaced with the following equation:

cos20-+-sin2¢ 1

1-sin28.sin2¢ _ 2 ... (10)
Thus, the relation as the following equation can be obtained:

o1 .
tan2¢ = ——— oo (11)
cos?e L

When it is assumed that an incidental angles 6 to a wire
surface is 0° < 8 < 90° and ¢ is -90° < ¢ < 90°, Equation (1l1) is

expressed by the following equation:
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1
tang = %

. ' .. (12)
cos6

A vector k' which is necessary for obtaining Tp, Ts, Rp, and

Rs in projection is expressed by the following equation:

k' = Jk2-r%Z = k [I-sinZ?B-sin2¢
2n 2n-
) Ao _ A

JI-sin®8-sin?9 ... (13)
Thus the wavelength A' of the optical components vertically
r

crossing to the wire grid is expressed by the following equation:

o

A =
- 1 2 . 'nz
1-sinZ6-.-sin%¢ . (14)
From this, the following equation is obtained:
sin@-cos¢o ( a ,
sing' = = — '
{Tlsinze-sin2¢ k! «.. (15)

It will be hereinafter described that an embodiment of the

arrangement of the one-dimensional metal grid 28 and detection of

the magneto-optical signal.

In Figs. 17A and 17B, corresponding parts to those of Fig.
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4A are denoted by the same numerals. Fig. 17A generally shows an
optical pickup 31 according to a first embodiment in which a one-
dimensional metal grid 28 and a half-wavelength plate 32 are
placed inside the optiéal wave director 25 in the 1engthwisé
direction, so as to be orthogonal with photodetectors 23a and
23b.

As shown in Fig. 18, the wire 28A is placed so as to be ¢ =
6 and vary 8 in the relgtion between the one-dimensional metal
grid 28 and the incident light.the;eto in the optical pickup 31.

In this embodiment, the optical pickup .31l comprises a light

' source 21, an optical wave director 25, and two photodetectors
»

23a, 23b, which are supported by a support 26. A beam splitter
film 27 is disposed on the incident light irradiated suxrface of
the optical wave director 25 in the optical pickup 31. The light
beams incident from the beam splitter f£ilm 27 is irradiated to
the photodetector 23a provided on a board 26 through the 6ptical
wave director 25, and the reflected light beam is incided to a
total reflection film 29 facing to the board 26. The total-
reflected light beam is passed thrbugh a half-wavelength plate 32
which.is arranged in the 1engthwise'direction, and incided to the
one-dimensional metal grid 28 biled up on the half-wavelength
plate 32. The transmitted light component and the reflected

light component are incided to the photodetector. 23b on the board

- 26.

The photodetector 23a is divided into four regions a, b, c,
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and d as in Fig. 4B.' The photodetector 23b is divided into four
regions, a region "e" where receives the light reflected by the
one-dimensional metal grid 28 and three regions "f, g. ﬁ" which
receive the light transmitted through the pne—dimensional metal
grid 28.

In the case where 6 is varied at the state where the wire
28A is placed so as to be ¢ = 0, the transmitted.light and
reflected light from the wire 28A are comppsed only of Oth degree
light when the following equations'are satisfied, it will be

described in detail in the clause of the modal expansion

methods): i
2n :
a, = k sin@' + n ' --. (16)
da
k2 < 0,42 | e (17)
Ag
1 < (sin@ = )2 ... (18)

d

From 0° £ 8 < 90°, and Ao/d > 0, the following equation is

obtained:

1 ’ o '
d s ig —— ... (19) °
1+sin® . :



23

Fig. 19 shows the relation of the angle of incidence 6 to
Ao/d. The one-dimensional metal grid 28 serves as an analyzer,
théreby separating the incident light into a transmitted light
and a reflecteﬁ light, depending on the direction of
polarization; As the angie of incidence & on the wire surface is
increased (Figs. 16A'and 168), the range of the pitch "d" shown
by Equation (19) shifts to smaller.

According to the above-described arrangement, the one-
dimensional metal grid 28 whose pitch "4" is less than io/(l +
sin 6) is provided in the lengthwise direction together with the
half-wavelength plate ?2 in the optical wave director 25 of the
optical pickup 31, so that the direction of bolarization of the
incident light is rotated by 45° by the half-wavelength plate 32
to perform 45° differential wave detection. Therefore, in such
ar?angement of tﬁe wire 28A of the one—diménsional metal grid 28
that the incident light is incided at ¢ = 0 as shown in Fig. 18,
a smaller and more reliable opticél pickup 31 forxr opticai
recording medium can be realized.

In the case of the embodiment.of Figs. 17A and 17B, the
incident light successively reflected at the phétodetector 23a
and the total‘reflection_film 29 is incided to the,half—
‘wavelength plate 32 and fhe one-dimensional metai grid 28
arranged in the direction to be orthogonal withﬁ;pg
photodetectors 23a and 235. However, instead of this, using of

the optical pickup having the construction of Figs. 20A and 20B
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brings the same effects as the embodiment of Figs. 17A and 17B.

In this connection, in the optical pickup 33 of Figs..ZOA
and 20B, the incident light is iﬁcided to the photodetectors 23a
and 23b through the half-wavelength plate 34 which is faced to
the photodetectors 23a and 23b on the board 26 and the one-
dimensional metal grid 28 which is inserted between the half-
wavelengtﬁ platé 34 and the photodetector 23a.

0042

In the above example of the arrangement of the one-
dimensional metal grid 28, the angle of incidence 6 on the wire -
surface is increased s& that the range of the pitch "d", shown by
Equation.(19), is shifted to smaller. Hereinafter, it will be
described that the case where the range of the pitch "d" is
shifted to larger, on the contrary to that.

In this case, the wire 28A is placed so as to be ¢ = 90° as
shown in Fig. 21, as the one-dimensional metal grid 28 of the
optical pickup 31 éhown in Figs. 17A and 17B, and the optical
pickup 32 shown in Figs. 20A and 20B.

~ As shown in Fig. 21, in the case where the wire ZBA of the
one-dimensional metal grid 28 is placed so as to be ? = 90°, and
6 is varied, the following equation is obtained £rom Equation

(20) under the condition of 8' = 0, ¢ = 90°:



25

A

d ' = 0
J1-sin28-.sin2¢
AO 1
= = X9 + —— ... (20)
J1I-sinZg cosé

The reiation of the angle.of incidence © to Ag/d is shown in
Fig. 22. As found from Fig. 22, in the embodiment of Fig. 21, as
the angle of incidence 6 on the wire_surféce is increased, the
range of the pitch "d" in Equation (26) shift{s to larger.

According to the arrangement of Figs. 17A, 17B, 20A, 20B,
and 21, the one-dimensional metal grid 28 whose pitch "d" is less
than Agp/cos © is disposed lengthwise or transversally together
with half-wavelength plates_BZ and 34, so as to perform 45°
differential wave detection, thereby, a smaller and more reliable
optical pickup for optical recording medium can be accomplished.

Next, it will be described that the construction of an
optical pickup 41 not requiring half-wavelength plate. In the
optical pickup 41, as shown in Figs. 23A and 23B, the light beams
passed through the beam splitter 27 is incided to the one-
dimensional metal grid 28 placed léngthwise direction. The
photodetector 23a is disposed in the region irradiated with the
reflected light beams of the one-dimensional metal grid 28, and
also a total reflection film 42 is placed in a region irradiated
with transmitted light beams. Therefore, the light beams
reflected by the total reflection film 42 is incided to the

photodetector 23b after being reflected by the total reflection
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film 29.
In this case, the photodetector 23a is divided into four
regions "a", "b", "c", and "d" as in Fig. 20B. The photodetector

23b is-divided into four regions "e", "f", "g", and "h!' as the
photodetector 23a. .
In the case of the one-dimensional metal grid 28 of this
embodiment, 45° differential wave detection can be implemented
without using a half—wavélength plate if the wire 28A is placed
so as to satisfy the following equation:
1

tangp = * ——— " ce. (21)
cos6

By using Equations (14) and (15), the following eguation can bé

obtained:
1
4 < A' -
l+sine’ '
Ao ' 1
JI-sin?6.sin2¢ sin6.cos¢
1+
{-sin26+.sin2¢
1l

) PR
0 f1-sin26.sin2+sind.cos¢ | e (22)

sin2¢ and cos¢ in Equation (22) are-given by the following
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eguation:
. 1 1
sin2¢ = =
1 l+cos26
1y ————
-tanz¢

sin2¢ cosB

cosd = = (*.° -90°<$<90°)

tanz¢ JI+cos?6é

... (23)

Substitutihg Equation (23) into Equation (22), the following

equation can be obtained:
. r

d =
1

Ao

. 1 ' cos®

l-sin28+————— + sinB.
l+cc$29 JI+cosZ8

Jl+coszé

= g ... (24)

cosB({i#sina)
d/Ag expressed by the foliowing equation varies as shown in
Fig. 25:

J1+cosze

cos8({Z+sing)

a/Ag =
... (25)
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Substituting 60° or more for © in the equation giving d/ko
allows more advantageous detection.

According to tﬁe above-described arfangement, the one-
dimensional metal grid 28 whose pitch "d" satisfies Equation (25)
is disposed tranéversallf to the optical wave directof 25 of the
optical pickup 41, so that 45° differential wave detection can be
implemented without using the half-wavelength plate and a smaller
and more reliable optical pickup for optical recording medium can
be reaiized.

In the case of the embodiment of Figs. 23A and 23B, by
inciding the incident light passed through the beam splitter film
27 to the one-dimensional metal grid'28 with the relation of Fig.
24 (¢ = 0°, 90°), the reflection light is incided to one
pﬁotbdétector 23a and the transmitted light is successively._
reflected at the total reflection films 42 and 29 to be incided
to the other photodetector 23. However, instead of this
construction, the case of Figs. 26A and 26B can obtain the same
effects as the case of the embodiment of figs. 23A and 23B.

In this éonnectidn, the optical pickup 42 in Figs. 26A and
26B successively reflects the incident light passed through the
beam splitter film 27 at one photodetector 23a and the total
reflection film 29 to incide to the one-dimensional metal grid 28
which is provided lengthwise. Then, the transmitted light

obtained from the one-dimensional metal grid 28 is incided to
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three divided regions "f", "g", and "h" of the other
photodetector 23b and the reflection light is incided to one

divided region "e".

(4) Modal expansion methods

Now the modal expansion methods used in the above embodiment
will be described. The modal expansion methods, applied to
diffraction grating of a special shape, such as a rectangular
shape, is known to readilg pfovide.fesults. 'ihe methods use the
technique that modal expansion in a groove.and Rayleigh expansion
outside the groove are'patched with each other. The expansion
methods is specifically described regafding the one-dimensional
metal grid (perféct conductors) 28 shown in Fig. 7.

Let £ (x, y) be the space-dependent component of the Z-axis
component of a magnetic field (S mode) or an electric field (P
mode), which space—dependeef component undergoes Rayleigh
expansion into a piane wave)above and under metal (y =2 h/2, y <
~h/2).

Regarding the expansion_above'the metal (y 2 h/2) and under
the metal (y < -h/2), the following.equationé'are satisfied:

f(x, y) = } {Rpexp [ix, (y - h/2)]
N=-0c
+ &, pexp [-ixg [y - h/2)]1} exp(apx),:
for vy =2 h/2

... (26)
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f(x,y) = ) Tpexp(Rpexplix, (y-h/2)]+
’ N=—~oo

énloexp[—ixo(y~h/2)])exp(anx), for yzh/2

cee (27)
a, = ag+n(2rn/d) .
ag = kosineo
kg = w/c = 2r/2 . .. (28)
(kg?-0n?)1/2 ENEEN
S (PYPUCRWC I V2 B TR
ee. (29)

v
where Rn and Tn are complex amplitudes of reflected light and

-transmitted light.

Solving the Helmholtz equation Af + k% £ = 0 so that a
Neumann boundary condition gf/9n' = 0 (n' represents a surface
normal vector) (S mode) or a Dirichlet boundary conditién £f =0

(P mode) is satisfied in intervals 0 < x £ ¢c and -h £y £ h/2

yields
£(x,y) = T o,(x,¥) ... (30)
o _
Pn(x.¥) = cos(Bmx)[amsin(pmy)+5mcos(me)], S modes

... (31)

Pn(x,v) sin(ﬁﬁx)[amsin(pmy)+bmcos(pmy)], P modes
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... (32)

where By = mn/c, pp = + (ko2 _'Bm2)1/2' and a, and b, are complex
amplitudes. In the P mode, ¢35 = 0, and m 2 1.-

Solving the Helmholtz equation on matching condition that £
(x, v) and gf/9y are continqous on the interval 0 £ x £ ¢ and at

y = *h/2 yields the following equations when y = h/2:

)X (Rn+6n’o)exp(iqnx) =3 (gh¥gm)um(x) ' ... {(33)

n _ n ’

i 3 (Ry=8y glexp(hanx) = ¥ (Dypag+Dapby)ug(x) ... (34)
n ’ n

When y = -h/2

T T, exp(iogx) = ¥ (-ag+bg)ug(x) .. (35)
n m
-i ¥ XTpexp(ianx) = 5 (D1 m@m~D2mPm ) ¥m( X) ...'(36)
n m
Thus,
Eh = ap sin(pyh/2)
by = by cos(pyh/2) -~

Dim = Hnm cot(pmhjz)
Doy = -Hp tan(pgh/2) _ _ S e. (37)
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cos(Bmx) S-modes
u.(x) = ... (38)
n sin(BLx) P-modes

Now an S polarization wave is described. Egquations (33) and
(35) hold in the interval 0 € x £ ¢. In the interval, vectors _
represented by the equation um(x) = COS (Bm x) are at right
angles to each other. Thus multiplying Equations (33) and (35)

by uj (x), using

. o] _
Im,j = & . um(x)%?(x)dx = Imsm,j
c {m=0)
In =

c/2 (mzl) ... (39)
and integrating the expressions over the interval O £ x £ c give

(@5 + bj)Ij = % ky nlRy + &y o) .o (40)
. n -

(-ay + by)Iy = 2 ky Ty L ees (4D
n. -

c
Kj,n = lX _exp(ianx)uj(x)dx
° - ... (42)
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Since "f" satisfies the Neumann boundary condition df/dn' =

0O even when ¢ £ x < d and y = th/2,

iy x, (Ry - 6n,0) exp(ia, x) = 0 ... (43)
n -

i} x, T, exp(ia, x) = 0 ... (44)
n

Equations (34) and (43) hold in the interval 0 € x £ ¢ and
an interval c < x < 4, respectively. Thus Equations (34) and
(43) are multiplied by exp(-iq, x), integrated over the intervals

0 <sx<cand ¢ £ x £ b, respectively, and added to each other.

As a result, the orthogonality of exp(-iq,; x) gives

ixg(Rq - 8q,0) = X Jg,m(Pigen + Dagby) ... (45)
m
1 (e _
Jq,m = _E— . exp(-iagx)uy(x)dx _ _ e (46)

Similarly, from Equations (36) and (44)

ixgTq = -% Jq,mPim®m - P2pPm) ... (47)
n

Equations (40), (41), (45), and (47) are solved as

simultaneous equations, containing four unknowns. To solve the
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equations for Rn and Tn, they are reduced to
n~Th 2 My ... (48)

-Adding Equation (40) to Equation (41) and subtracting

Equation (41) from Equation (40) yield

1 :
a; = 2 kin(M, + 6, ) ... (49)
ZIi n ’
— 1 *
b; = )2 Kin(Pp + an,O) --- (50)
ZIi n '

Adding Equation (45) to Equation (47) and subtrécting

Equation (47) from Equation (45) yield

ixq(Pq = 8q,0) = E Jq,m'ZDZQBﬁ _ --- (51)
ixg(Mg - 6q,0) = X Jq,m*2Pinsm. ... (52)
. m .

Substituting Equations (49) and (50) into Equations (51) and

(52) yields

Dom
I

ixg(Pg - 8q,0) = Z Ig,m 3 Ky nlPy + 85 0) ... (53)
m n )

m
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ixq

These are expressed by a matrix as follows:

(M

( ix_.. O

J-n,O"

L Jn'o ..

-0

a ~ %q,0)

iXo
. b 4
J—n,m

0

*

35

n

o [

(X3
o

. v .
o os

1Xpn Pn
s

.+ 0 Dop/I

-n

\

0

2 Ky n(My + 8, 0)

(54)

(55)
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This matrix is abbreviated as

iX(P - 8) = J(D/I),K(P + &) . -e. (56)
Thus, |

P = [iX -~ J(D/I),K1 1[iX + J(D/1),K15 -. (57)
Similarly,

M = [iX - J(D/I)lf]_l[ix + J(D/I){K15 | ... (58)

In the same way as described above, the following are

obtained for a P polarization wave:

o
]

.[J(l/DI)ZKiX - E1"1[J(1/DI),KiX + E16 ... (59)

2
[}

[J(1/DI),KiXx - E1"1[3(1/DI){KiX + E16 - . ... (60)

(5) Otﬁer embodiments

While the invention has been described in émbodiments,
wherein a one-dimensional metal grid combosed of perfect
conductors is used, it should be understood thatmthé‘invention is
not limited thereto but may be embodied using a one-dimensional

metal grid composed of not perfect conductors if the conductors
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provide thé grating with satisfactory analyzer performance
without fail.

Although the invention has also been described in
embodiments, wherein a beam splitter film is placed on an
incident light irradiated surface of a wave director, it should
be understood that the invention is not liaited thereto but may
be embodied by placing a polarization beam éplitter in front of a
one-dimensional metal grid, which spiitter with a P wave
transmittance Tp of 100 and an Ts wave transmittance of 25, for
example, has enhancing function.

While the inventien has further been described in
embodiments, wherein an optical pickup records information on a
magneto-optical disc and reproduces it therefrom, it shqgld be
understood that the invention is not limited thereto but - may be
embodied using an optical pickup which records information on.an
optical card and reproduces it therefrom.

While there has been dgsgribed_in connection with the
preferred embodiments of the inven;ion, it will be obvious to
those skilled in the art that various changes and modifications
may be aimed, therefore, to covér in the appended claims all such
changes and modifications as fall within the true spirit and

scope of the invention.
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WHAT IS CLAIMED 1S:

1. An optical pickup comprising:

a laser light source emitting a light beam;

an objective lens for focusing a light beam emittea from
said laser light éoutce on the data recording surface of an
optical recording medium;

light receiving means for receiving a returned light from
said optical recording medium;

light beam splitting means for splitting said returned light
from said optical recording medium, from the emitted light from
said laser light sourc;; and |

a wire grid unit positioned between, at least, a part of
said light receiving means and said light beam splitting meahs,
for transmitting polarization component in the light beam,
wherein

.said wiré grid unit is formed so that the.ratio h/d of a

pitch "d" to the thickness of metal conductors “h" constituting a

wire is approximately 0.1 or more.
2. The optical pickup according to claim 1, wherein
a half-wavelength plate is positioned between said optical

beam splitting means and said wire grid unit.

3. The optical piékup according to claim 2, wherein:
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said wire grid unit ié positioned so that a main.light
incided to a plane formed by a direction.perpendicular to the
wire in a wire surface and é normal to said wire surface; and

said pitch "d" satisfies the following condition:

a s Aig - 1/(1 + sing) |

when 8 is the angle of incidence of a light which is incided
via said half-wavelength plate to said wire, and AO is the

- wavelength of incident light.

4. The optical pickup acco:ding to claim 2, wherein:

said wire grid unit is positioned so that a main light is
incided to a plane fofméd by'§aid wire direction and a normal to
said wire surface; and

said pitch “d" satisfies the following condition:

d < 1g - %/cose

when €@ is the angle of incidence of a light which is incided
via said half-wavélength plate to said wire surface, and 16 is

the wavelength of the incident light.

5. The optical pickup according to claim 1, wherein:
in said wire grid unit, said pitch "4d" 'satisfies the
following condition:

dsig- (f1+cos?e )/ [cose (J2 + sine)] -

‘when 6 is the angle of incidence of a_ light incided to said
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wire surface, and i is the wavelength of the incident light.

6. The optical pickup according to claim 1, wherein

said light beam splitting means has a polarization beam

splitter film.

7. The optical pickﬁp according to claim 1, wherein
said wire grid unit is positioned so that the angle of

incidence of a main incident light is 60° or more.

8. An optical recbrding médium reproducing apparatus
comprising: )

a laser light source emitting a light beam:

an objective lens for focusing a light beam emitted from
said laser light source on the data recording surface of an
oéfical_recording medium;

light receiving means for receiving a returned light fromn
said optical recording medium, having a plurality of light
receiving units;

Ilighf beam splitting means for splitting said returned light
from said optical recording medium from the emitted light from
said laser light sourcef |

a wire grid unit positioned between, .at least, a part of
said light receiving means and said light beam'splitting means,

for transmitting a predetermined polarization component in the
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light beam, said wire grid unit being formed so that the ratio
h/d of a pitch "d" to the thickness of metal conductors "h"
consisting of a wire is approximately 0.1 or more; and

means for detécting an information signal on said optical
recording medium, based on the output of the light receiving unit
for receiving the polarizatioﬁ component of the light beam
transmitted through said wire grid unit and also based on the
output of the light receiving unit for receiving the polarization

component of allight beam reflected by said wire grid unit.



