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magnet o-opti cal recordi ng nmedium DESCRI PfI ON OF THE RELATED ART

Her et of ore

I n a magnet o-optical recordi ng nmedi um reproduci ng appar at us,

optical pickup 1 for recording and reproducing a magneto-optical disc
having a construction of Fig. 1 '%p&&8§td$9?Kuﬁ‘A%F3(W“icaJ pi ckup 1, a
i s focuse

light emtted froma |laser diode (LD)

on a disc 5 through a

poral i zation beam spbpdiciL (ﬁ%@nﬁwﬂggmuﬁbﬂz@ﬁﬁamiwamnmdst he Iight

reflected to the disc 5 is guided to a photodetector (PD)‘Z/

-
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BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

This invention relates to an optical pickup and an optical

Pl CKUP AND OPTI CAL RECORDI NG MEDI UM REPRODUCI NG APPRRIFER20-2

an

recording medium reproducing apparatus, and more particularly, to

that are suitable for reproducing data from an magneto-optical

_recording medium.

DESCRIPTION OF THE RELATED 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 from a

laser diode (LD) 2 is focused on a disc 5 through a poralizétion

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 pickup for

'recording and reproducing a magneto-optical disc is insufficient

in downsizing and improvement of the reliability.



t hr ough ghe objective lens 4, the poralization beamsplitter 3, and a
multilens 6. In the actual optical pickup 1, optical parts, such as the

| aser,di ode 2, photodetector 7, and polarization beamsplitter 3 are

provi ded separatively, so that an optical pickup for recordi ng and
reproduci ng a magneto-optical disc is insyfficient in downsizing and

I nprovenent of the reliability. 2 Besides, as an elenent for reproducing
an optical recording nmedium there have been known a conposite optical

el enment in which a | aser diode, a photodetector, and a prismfor |ight beam

o b (26" SRS 0! AERN S SEOCATESH U, 01 U SRR

emtting dgeaeem,n tWlirehnavki B8&n SdWH RO ddtipbsa ke optical element in
which a laser diode, a photodetector, and a prism for light beam
splitting which is placed on the photodetéctor 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 @etal
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



a raising mrror which are formed by the sem conductor process and a |ight
receiving unit are provided (See Japanese | aid open patent application No.
114748/ 1995). I'n the use of a light receiving and emtting el ement of non-
pol ari zation optical systemis applied, it is inpossible to detect a
magnet o-optical signal, that is being inpgssible to reproduce a :
magnet o-opti cal disc. Therefore, it is considered that the use of a one-

di mrensional netal grid being wire grid as a polarizer in detection of a
magnet o-opt,ji.cal signal,. A qQne-dinensional netal grid for the infrared rays
range mhichqﬁﬁ;é}%kﬁﬁﬁﬁﬁﬁi%%cabout 3 to 10 [err], as shown in Fig. 2, is
formed by many Wy 63,2 268 thd BARL2 | e t her eLn, when
the pitch "d" is sgﬁécteépshortgr t%Z%k@%g¥&%§% gﬁ%?% 9%3? gﬂg%néident
light, such,d £&hiadedCt aics lddndliRabnsebhegie Ke RAEIEFARYW RaCOFRRNERtioc b/a -
parallel to the wires 9 (P polarization) and transmts a polarization
conponent pef pHelividey "0 e ther R5r@ ¢ Scpoti igagaidnomy” Iken.a "0.6, 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



one-dinmenpsional netal grid 8 operates as a polarizer by utilizing 3 this
characteristic. In the use of the one-dinensional netal grid 8 as a

pol arizzer, two conditions should be satisfied that the ratio b/d of the
width "b" of the wire 9 to the pitch "d" is b.d 0.6, and the ratio [err]/d
of the wavelength X to the pitch "d" is [grr]/d [err] 5: Therefore, to
polarize light in the visible and near-infrared regions, for exanple, |ight
about 780 nmin wavel ength, the pitch "d" needs to be a small val ue about
100 nm when the refractive index of.an anbient nediumis taken into

account, ar\‘ﬂ:ltlh.‘isinéucéli‘leatﬁ&ékh@gs' Sf SX IR @l ohighleey! &ﬁ@ciﬁbﬁ@t&e-
SUNNARY OF THE INVENTION I n view of the foregoing, an object of t

invention igGndedsional 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



provide an optical pickup for a magneto-optical recording mediumand a
magnet o- optlcal recordi ng medi um reproducing apparatus which are snaller,
nmore geliable, and that it is easy to fabricate. The foregoing objects and
ot her objects of the invention have been achieved by the provision of a
one-di nensional netal grid that is fornmedgso that the ratio h/d of the
pitch "d" to the thickness "h" of a metal conductor constituting a wire
grid, is.. about 0.1 or nore, and a group of light receiving elenents

recei ving | ,ght: SRPAL AL R 1 098 dbUBASLONA JIR 3l A LilenBy AOLTB NG, @

resonance_reglpn | e characteristics ransm ssi ctlon of
the one-di mensi ohgd. Netal Didbdd) sectiol bf i gidGiidRislibhanpRatadf g2 §Et al

conduct or COﬂStItUtIng one-

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



di mensional netal grid, a snmaller and nore reliable optical pickup for a
magnet o- opti cal recordi ng nmedi um can be acconplished conparing with their
conveptional equivalents. The nature, principle and utility of the
invention will becone nore apparent fromthe follow ng detail ed description
when read in conjunction with the acconparying drawings in which like parts
are designated by like reference nunerals or characters. BRI EF DESCRI PTI ON
OF THE DRAW NGS I n the acconpanying drawings: Fig. 1 is a schematic diagram
showi ng the arrangenent of a pickup; Fig. 2 is a schematic di agrm show ng
the arr anggﬂ@@ingtm%mmﬁ@aém@ew tHE! B pdldkizhdiSrd wabRemtic
di agram show ng the general construction of the optical recordi ng nmedi um
r epr oduci ngrapead etasca catd dHy H @ollRirS zh BYER v fdQ.ecdAnce, awBERCARE | €
di agram show ng t he arrangenent of

0.1;

Figs. 14A and 14B are characteristic curvilinear diagrams
showing the characteristics of the P-polarization wave

transmittance and the P polarization wave reflectance, when h/d

0.5;
"Figs. 15A and 15B are characteristic curvilinear diagrams
showing the characteristics of the S polarization wave

transmittance and the P polarization wave reflectance, when h/d

0.4; : d

Figs. 16A and iGB are schematic diagrams showing a
coordinate system at a cross section of one-dimensional métal
grid;

Figs. 17A and 17B are schematic diagrams showing the
arrangement of the optical pickup in the embodiments;

Fig. 18 is a schematic diagram showing the relation betﬁeen
the angle of incidence and the onerdimensional metal grid in the
embodiments;

Fig. 19 is a charécteristic curvilinear diagram showing the
characteristics of the ra%io'd/Ao in the embodiments;

Figs. 20A and 20B are schematic diagrams showing the
relation between the angle of incidence and the aﬁé—aimensional

metal grid in the embodiments:



the optical pickup according to this invention; Fig. 4B is a block diagram
showi ng t'he signal processing circuit of a photodetector; Fig. 5is a
characteristic curvilinear diagramshowi ng the occurrence of a resonance
regi oh (when h/d = 0.1, it occurs at 5 about [err]/d) in the relation
between Ts and [err]/d when b/d = 0.4; Fig. 6 is a cross section of

one-di mensional netal grid; Fig. 7 is a schematic di agram show ng a

coordi nate system for the cross section of one-dinensional netal grid; Fig.
8is a charactegksti curviliqgar di a m s t he rel.ation bq;meen t he

T

1 a s mati '% gom%ng'n ther relation
ratio of wavel engPh £ the pPTER DN T e IR hIRA* MY TR o1% 28 on
transm “aBE‘EwEQH the Qn@i’éa{:f Zghd AL AdARS thaNGhe 081 hdies A0 M1 gria
accor di ng to the conventTona -

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 other
arrangement of the optical pickup:;

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

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

» .

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



design theory; Fig. 9 is a characteristic curvilinear diagram show ng the
rel ati on between the ratio of wavel ength to the pitch and the
transn1ttance the relation as found by the nodal expansion nethods is
used; ‘Figs. 10A and 10B are characteristic curvilinear diagrans showi ng the
characterlstlcs of the S polarization mavg transmttance and the S

pol ari zati on wave refl ectance, when h/d 0.1; Figs. 11A and 11B are
characteristic curvilinear dlagrans shomnng the characteristics of the S
pol ari zati on wave transnlttance and the S polarization wave reflectance,

when h/d = g,é,c c;t%g' §12¢5NLRGE LIS G ! hggm Qaﬁgrs‘m show ng the

characterls I ¢s of olarlzatlon wave transm ttance en h/d = 0.01,
Figs. 13A %ﬁ%d%&%r%ﬁ%eﬁhQB%@B§E€§th&c&éEéQQ'fa%ahaGHQQEagﬁtlcal recording

and reproducing on the disc. The light reflected to the magneto-
opticai disc 12 is received by the optical pickep 11 and
converted to a detection SignalQ Then 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 megneto—
opticai signal S3 and .fhe information signal S4 are demodulated
and decoded by a demodulating and decoding circuit 15, and then
oetput 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 1aser light source 21 for emitting a light beam;
photodetectors 23a, 23b for detectlng a signal of a magneto-
optical disc 22; an objective lens 24 for focusing the emltted
light from the laser light source 21 on the signal recording

surface of the magneto-optical disc 22; an optical wave director



6 showing the characteristics of the P polarization wave transmittance and
the P polarization wave refl ectance, when h/d 0.1; Figs. 14A and 14B are
characterlstlc curvilinear diagrans showi ng the characteristics of the P
polarlzatlon wave transm ttance and the P polarization wave refl ectance,
when h/d = 0.5; Figs. 15A and 15B are chargcteristic curvilinear diagrans
showi ng the characteristics of the S polarlzation wave transm ttance and
the P polarization wave reflectance, when h/d = 0.4; Figs. 16A and 16B are

schemati c Qsa%@”’éeﬁhé&{‘ﬂg A0 Utk AL 151)_[;%%9% afché1 SE PSS S[REUINS 9 ana
one-di nensi onal net al
directing the reflected light to the photodetectors 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



grid; Figs. 17A and 17B are schematic-di agrans show ng the arrangenent of
the optical pickup in the enbodinents; Fig. 18 is a schematic di agram
showi ng the relation between the angle of incidence and the one-di nensi onal
metal grid in the enmbodinents; Fig. 19 is a characteristic curvilinear

di agram show ng t he characterlstlcs of thggatio d/[err] in the

enbodi nents; Figs. 20A and 20B are schematic di agrans show ng the rel ation
bet ween the angl e of incidence and the one-dinmensional netal grid in the
enbodi nent s; 7 Fig. 21 is a schematic di agram show ng anot her rel ation

bet ween t hgyrarg 8 Ofcrapehderea. anflst Bsr ongs i manal Bl ahe 851 dgrid 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 betheen
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



in the enbodinents; Fig. 22 is a characteristic curvilinear diagram show ng
the characteristics of the ratio d/[err] in Fig. 21; Figs. 23A and 23B are
schemati c di agrans showi ng ot her arrangenment of the optical pickup;: Fig. 24
is a Schematic diagram showing the rel ati on between incident |ight and
one-di nensional nmetal grid; Fig. 25 is a characteristic curvilinear diagram
showi ng the characteristics of the ratio d/[err] in Fig. 24; and Figs. 26A
and 26B are schematic di agranms showi ng ot her arrangenent of the optical

pi ckup. DETAILED LESCRI BY Oy @ng_EeEb@p@i\ﬁM& Roef erhed egPadi 1Bats; flas

this invention wll” be described with reference to the acconpanying
drawi ngs: (sB #ad igxalares oRtAiingdEdirHE) { S OGN sigpanatysi § la lnadgrnas-al

construction of optical recording nediumrecordi ng and reproduci ng
apparatus 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.



Fig. 3 shows a magneto-optical recording and reproduci ng apparatus 10 as an
exanpl e of optical recording medi umreproduci ng apparatus. In the

magnet o-optical recording and reproduci ng apparatus, a laser light is
focused on a magneto-optical disc 12 by an . 8 optical pickup 11 to
irradiate a spot of light with a predeternjfed intensity necessary for
magnet o- opti cal recording and reproducing on the disc. The light reflected
to the nagneto- optical disc 12 is received by the optical pickup 11 and
converted to a detection signal. Then the detection signal is

current-to-yeli agepLoRvesieth Mo dim¥ndiBhaf | f@dd OryGid cuit 13. The signal
output fromthe |-V anplification circuit 13 is calculated at a matrix '
circuit 14 and artraskdegeeibedl abo@akh@lprinciple of a one-dimensional
metal grid. It is assumed 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 parallel 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:



a focus error signal S2, a magneto-optical signal S3, and an information
signal S4 are output. In reproducing, the nagneto- optical signal S3 and

t he |nfornat|on signal S4 are denodul ated and decoded by a denodul ati ng and
decoding circuit 15, and then output to a digital-to-analog (D A)
converting circuit 16. Thereby, reproductipp output of an anal og signal:

out put fromthe magneto-optical recording and reproduci ng apparatus 10.
(1-2) Optical pickup Fig. 4A shows an enbodi nent of the arrangenent of the

optical pickup 14 ¢0 A QY )N rlahe o] tlgs ordlng an
repr oduci ng appaﬂ%ﬁusq£) Tﬁgﬂgg )cél lggg% %ikﬁg‘ ng a Iagég

| i ght source 21 for emtting a |ight bean1 photodetectors 23a 23b for

detecting a signal of a magneto- optical disc 22; an objective |lens 24 for

focusi ng the enikqwatioght2 ¥ raamitsfdelsasbe bighthlot maurdbron cohaisignal

recordi ng surface of the magneto-optical disc 22; an optical wave director
(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 polarization

reflectance Rp, its theorical refraction will be implemented that



9 25 for reflecting the emtted light to the objective |l ens 24 and
directing the reflected light to the photodetectors 23a, 23b; a board 26
mounting the laser |ight source 21, the photodetectors 23a, 23b, and the
optical wave director 25 on; and a support 26A supporting the board 26. The
optical wave director 25 is conposed of: aggpeamsplitter film27 for
reflecting the emtted light fromthe Iight source 21 and transmtting the
returned |light fromthe nagneto-optical disc 22; one-dinensional netal grid
28 for transmtting a predeterm ned pol arization conponent in the |ight
beam t hat tO@EnsiEddesd (naioudiraniseibetam apd i tdBrecdftieldmi2ghandaddrecistg t hat
to the photodetector 23, and for reflecting other polarization conponents;
and al | refdegndged evangscERt yrvedf LacReanteidie dxpgnsibaanenéf 8bse elittby t he

one-di mensi onal nmetal grid 28 to the photodetector 23b. It is assuned that
t he beam 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



splitter film27 has an S polarization transmttance Ts of 30% and a P

polarlzatlon transmttance Tp of 65% Here, the one-di nensional

28 satisfies the requirenment of h/d [err] 0.1 regarding the relation

nmet al

bet ween the thickness "h" of the wire 28A and the pitch "d", so that

quirenents are satisfied in the one-di nensional netal grid 28,

' Etxkolﬁt:herﬁgg“ad) i ft%te‘ldﬁ &gd @'@q}/% ROlA 2 @d Ll QL

P

grid

it

operates in the resonance region as descriggd below. If the predetern1ned

i zed |ight which is parallel to the wire grid (the electric flled S

l’tlgSS

per pendl cul ar wre gri efectric fieldis at rig
the wire 1 | W) e dHiadNS MithkedrafsSmi Ofarddie wm%&&ngbaaaés ”Eﬁé' c¥d
28, it is assuned that the wire of the width is "b", the pitch

IFlg. 8.

In a P polarization wave (TE wave), as shown in Figs.

S

and 13B, the P polarization wave transmittance Tp and the P

13A

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 expgpsion methods in Fig. 9.

Considering the case of S polarization wave, Figs. 13A, 13B,

14A, and 14B show the following which cannot be derived

conventional design theories.

At h/d = 0.5 (the cross section of a wire is square),

on

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 produce. That is, the resonance region can be

used to evade a conventional problem on production of \/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



"d", and the thickness is "h". Fig. 5 shows the relation between the S
pol ari zation transmittance -Ts and [err]/d when b/d = 0.4 in variations of
h/d, where [err] is the wavelength of |light around the grating, and [err]

[err]

t he, pe
OhQ\

reso
w t ho

const ant wave;

gener

/n.

As seen fromthe graph of Fig. 5, the "resonance region" (where

ak of Ts 1 exists) starts at h/d 0.1 @r nore. Especial ly, when h/d =

.1 Qgg [err]/d is about 1, a steep peak Pk
nay

Is found. By utilization of th

ce region having the steep peak, [err]/d becone 1/4 the val ue
ugﬁusfﬁ% t he resonance region, so that the pitch "d" can be increased

by a factor OEn ol SAMKMRS Wit BucQRYENtiANAla ORtHeS Ak linekdBa vages the

at.i on

ength. Fig. 4B shows the division patterns and the signal

r?zzfnoﬁﬁatnMpdﬂaﬁmaaQaaﬁtaaseZBg.féuﬁééﬁa in the optical pickup
t

phot gdet ect or 23a, placed relatively up the incident |ight toward

P deaiornl iy, cfndnkbhdipbosbosdecieral23ridpleasdgzeel ativel y

regi ons (regi onsWhen 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 extremely
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 the present invention, however,

have'shown that a one-dimensional metal grid analyzer offers

"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%.

Thereby, 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

e

the incildent light, are divided respectively into four |ight receiving



a, b, c; and d for the photodetector 23a, and regions e, f, g, and h for

t he phot odet ector 23b), and the current output fromrespective |ight
receivi'ng regions are current/voltage converted at the |-V anplification
circuit13. Then the output is calculated at the matrix circuit 14, as a
resultfxa tracki ng error signal Sl1, a fpgus error signal S2, and
informati 6pn signals S3 and S4 are obtained. The information signal S3 is a
magnet o- optical signal corresponding to the Kerr rotation angle of the
reflect edegqu!at nb@ b@gngag_aetecep&bmcwr%c th2a 2Rghtheebmf ki@ ign signal
$4 is an signal (light intensity signal) corresponding to the pit. (2)
Princi pl e emdigulellyi ahcatieaBetHer@ts i pnain mattabgghbll Asosdidnste NsEsEEMSS
section of Fig. 6, the one-dinensional nmetal grid 28 is constructed based
on t he thedny Figugieger thg €haxis 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® cos¢
B = k cosé
y = k sin® sin¢ ' ee. (3)

That k is projected on the X-Y plane is represented by k'
and 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

]
]

b
\

= Rp sin®s + Rs cos2s . . coe (4)

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-:



ratio of the wavelength "h" and the pitch "d", h/d. In the case where the
cross section of the wire 28A of the one-di mensional metal grid 28 is
rectangul ar, the nodal expansion nethods can be applied. In the nodal
expansion nethods, it is separated the region between the wires 28A from
the region outside the area in consi deratigg. In the region outside the
area, it is subjected the Rayl ei gh expansion (plane-wave expansion) for the
el ectromagnetic field in simlar to the normal refraction theory. In the
region between the wires 28A.(in Fig. 7, O [err] x [err] ¢ and -h/2 [err] y
[err] h/2),cHd deFisdyjeeeet hheEQEéﬁio@X@@ﬁSPth te¥pansteantatd a

sati sfying boundary conditions at x =0 or x = ¢, for the el ectromagnetic
field. And emc e irceifemtcuahcexpansism2$ a’rdeatcuuridaadeawd:nhdkpg'tb, the ~ 1,
mat chi ng condi ti on between two expansion nethods at O [err] x [err] d and y
= [err] h/Zp TiKe rmde R$etailll. oForhe- fibdeldegueendidienehtibd daeeri bed
IaFer. detection is possible when T = R, that is, when satisfying the

foliowing equation:

sinzé = coszé

{

therefore, cpszé = —j;- ... {(5)

When the electric fizld of the inciaent light is represented
by a position vector r, the follQWing equatidn is satisfied:

, _

gl = g.eliker . (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 = = . 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



12 (2-1) Principle of one-dinmensional nmetal grid It is described about the
principle of a one-dinmensional nmetal grid. It is assumed that the wire 28A
is made of metal being perfect conductor. On the nodal expansion, the
foll ow ng expressions are satisfied. An S polarization wave (a TM wave,
that is, the magnetic field "f" is parallehgto the wire grid 28), is
expressed by the follow ng equation: [err] (1) where [err] are conplex
anplitude Equation (1) is derived under the condition that the Neumann

boundary COGQ&%anu'§tS@4% J&kh%oV§|U8 of éiﬁ%é&ﬁéd“ﬂy'%%efQBLEBﬁlng
direction of a normal at the |nterface is zero when x = X

equation:

(a-u)?

cos26 = S 5 ... (8)
EYEIY

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¢

... (9)

1-sin2@.5in2¢
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 .
tan?¢ = ——— ... (11)
cos?e .

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:



Thus for a TMwave, a light is transn1tted through the magnetic field

bet ween t’he wres 28A. A P polarization wave (a TE wave, that is, the

el ectric field is parallel to the wire grid) is expressed by the follow ng
equati on: 13 [err] Equation (2) satisfies the Dirichlet boundary
conditions (the value is zero at the interfgge because of no electric field
In the conductor) when x = 0 ofr X = c. In this case, the termof zero is
nonexi stent as to "m' because sin([err]) =0 for [err] = 0. This nmeans that

there is no electric field in a region betmeen the wires 28A |f terns of
first or subsequent degree are negl ected.

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' = Jk2-7% = k J/1-sinZB-:-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:

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.



On the one-dinensional netal grid 28 under the approximate condition
(neglecting terms of mth degree (m[err] 1)), a TMwave can be entered a
regi on. bet ween one-di mensional metal grid, but a TE wave cannot. In other
words, a TM wave has an el ectromagnetic field transmtting a.light, but a
TE wave has no el ectromagnetic field thus rghlects a light. (2-2)

D fference of nodal expansion nethods from conventional theories Fig. 8 is
a graph of the relation of the S polarization transmttance Ts to the ratio

[err]/d of jheaYaVelehdd dyeidte dRthe! REmBLAES. d iy 2 190N RRLIGRR], LHEQL Yan
Fig. 9 is a graph of the relation of the S polarization transmtiance Ts to

the ratio [gpticdh ipidiie BuAcdaang @b Aethess. edodidiend FhoWhiBR a one-
figures, those are extrenely different. For conparison of those and
obt ai ni ng odimdresonal awetzel igoid 28l eantiancbaRE-wankldrgth pdlazei 22t apa
reflectance Rp, its theorical refraction wll be inplenented that =
placed inside the optical wave director 25 in the lengthwise
direction, so as to be orthogonal with photodetectors 23a ana
23b.
As shown in Fig. 18, the wire 28A is placed so as to be ¢ =
6 and vary 6 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 ﬁgve 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 coﬁponent are incided to the photodetector. 23b on the board
- 26. | |

The photodetector 23a is divided into four regions a, b, c,



14 Oth degree (nain transmtted and reflected light) and [err] 1st degree
(evanescent wave) in Rayleigh expansion, and also Oth degree (S .

pol arization wave and TM wave) and 1st degree (P polarization wave and TE
wave) (P polarization waves have no Ot h- degree node) in nodal expansion.
It approximates only terns of |ow degree ag,the above, obtains values of S
pol ari zation transm ttance Ts, P polarization transmttance Tp, S

pol ari zation reflectance Rs, and P polarization reflectance Rp, and nmakes
the graph by using Mathematica in the follow ng conditions: (1) the light

i s incided pagpandscyharky. 48) (g WHAJdetRRE8:r0530L &l a el dith RSITLFhyr

conductors, and (3) the pitch "d" satisfies d = 2c. It wll be describe

about an S pegabhgat hoPeydvh (dM W) .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)

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

obtained:

d s g —— - ... (19)



Figs. 10A and 10B show changes in S poI ari zatlon transmttance Ts and S
polarlzatlon refl ectance Rs, occurring at h/d 0.1 (a wire thickness "h"
is thin), and Figs. 11A and 11B show t hat occurring at. h/d = 0.5. (a wre
thi ckness "h" is thick, and the cross section thereof is square). As shown
in these figures, the curve at h/d = 0.5 impFig. 11Ais nore simlar to the
curve in the nodal expansion nethods in Fig. 9 than the curve at h/d = 0.1
in Fig. 10A. In addition to this, as shown in Figs. 10A and 10B, as the

Wi re thickness "Rigisipegherd, thiderdvion £Sthkl afigi® dmeirmrd@den eadto

conventi onal 15 ory in Fig. 8. For exanple, at h/d 0.01 (the wire

t hi ckness |aoubtraThh|o¢e ~-direed s orsal mmamaegr$da2&nséruﬁsnasnadIamaﬂmzae

9. 8 thereby 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 23b. However, instead of this, using of

the optical pickup having the construction of Figs. 20A and 20B



In a P polarization wave (TE wave), as shown in Figs. 13A and 13B, the P
pol ari zation wave transnmttance Tp and the P polarization wave reflectance
Rp at h/d = 0.1 are simlar to the curve in a conventional theory in Fig.
8, as in the case of an S polarization wave. On the contrary, as shown in
Figs. 14A and 14B, the P polarization maveoiéansnittance Tp and the P

pol ari zation wave reflectance Rp at h/d = 075 are simlar to the curve in
t he nodal expansion nmethods in Fig. 9. Considering the case of S

pol ari zati on wave, Figs. 13A, 13B, 14A, and 14B show the foll ow ng which

cannot be driM§d fRe COMNENEEONAts dRSIthR bhBeaifsnt Abf IWiys. G7a Ghae19B0sSS
section of a wire is square), the value of A/d at Ts = 1 1s in the

resonance area mherehier¢¢ﬁmbctibn4,ian¢hEpoptﬂc99.pid&upuﬁaupﬁ(ﬂﬂgb.ﬁzﬁso
nm the pitch "d" 550 nmand the wire thickness "h" - 275 nmfor [err]/d
1.4, so thaéndt2@Bconke inebdgnt nlighte ilsoiprddedeto Ttke photadetecdorsaidde
regi on can be used to evade a conventional problemon production of [err]/d
[err] 5. 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—diménéional metal grid 28 is placed so as to be ? = 90°, and

8 is varied, the following equation is obtained from Equation

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



As descri bed above, conventional design theories hold true of thin wire
only. In the above enbodi ment, however, increasing wire thickness allows
the pitch to be increased. Also, it has been found that when wire
thlckﬁess I's reduced, starting at h/d = 0.5, the peak .value of [err]/d at
which Ts = 1 approaches "1", and 16 n wizg® thickness is further reduced,
the extinction ratio /Tp of a P polarization wave is reduced. -3)
Fea5|b|I|ty of one-di mensional getal grid analyzer Wen the cross section

of a one-di nensi gnal meLaL_gLLd_Es_iquaLﬂ_(d 550 nm h 275 nm, the
extinction ratio Ts/RS = [ R > 200. To solve the probl em on
production, it is needed to r educe the ratio h/d. At h/d = 0.4 as shown in
Fi gs. 15A and 15B, Ts/RS = [ehg], and 1

= Xg + ——— ... (20)

JT=sinTs 07 cose

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 surface 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



Rp/ Tp 40 when d = 618 nm and h = 247 nm It is extrenely difficult, in
general,’to produce a wire with the pitch of - 0.5 [err] or less, that is
difficult even with the pitch of 0.5 to 1 pm The results of tests
according to the present invention, however, have shown that a
one-di nensional netal grid analyzer offers tisfactory performance under
the follow ng conditions: (1) the light is incided perpendicularly, (2) the
wire is nmade of perfect conductors, (3) the cross section of the wire is
square, and (4) the duty factor of the signal is 50% Thereby, it was found-
that a wireggihdagonstant which is easy in process of a one-dinensional
nmetal grid anal yzer .can be selected. (3) Coordinate systemfor
one-di mensi onal pRtehigriédsd N e Hotodetebtds . 23HA e ndl GRS Hewd Eeur
rel ati on .of one-di nensi onal netal

' ' 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 equation can bé

obtained:
1
ds A' -
l+sing' '
Ag ' 1
JI-sin?6.sin2¢ sin6.cos¢
1+
{-sin26+.sin2¢
1
= lo . o (22)

f1-sin26.sin2+sind.cos¢

sin2¢ and cos¢ in Equation (22) are-given by the following



17 grid not being perfect conductors to a |ight beam which is obl i quel y
i nci dent “t hereon by an 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 conponents of the k([fyr]) are expressed by the
follow ng equation: a = k sin[err] cos[err] 13 = k cos[err] r = k sin[err]
sin[err] (3) That k is projected on the X-Y plane is represented
by k' and agygakebnat right angles to k' is represented by u. Assunming an
angle of u and a as [err], the transmttance T and the reflectance R are
expressed by the follomﬁng equation: [err]

1 ' 1

sin2¢ = =
1 l+cosz2@

14—
-tanz¢

sin2¢ cosB |
cosp = = (*.° -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®
/vl-sinze-————————— + sin®-
l+cosz@ JI+cosZ8
Jl+coszé (24)
= ko - e e

cosB({i#sina)

d/Ag expressed by the foliowing equation varies as shown in

Fig. 25:
J1+cosze
d/Aqg =
cos8({Z+sing)

... (25)



where Tp is P polarization wave transmttance, Ts is S polarization wave

transmttance, Rp is P polarization wave reflectance, and Rs is S

pol ari zati on wave refl ectance, being projected on a projection chart. If

anal yZer requirenents are net in the transnittance T and 18 the

refl ectance R in Equation (4), the transmitpgnce T - [err] and the

reflectance R - [err] Iin 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 followng equation: [err] therefore, [err]
(5) - Wen thesebeetitueihgebd: obr tierd roixdentinl tHét eqsatapt efemmdd/a,

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



by a position vector r, the followi ng equation is satisfied: [err]

(6) For the optical pickup 11 shown in Fig. 4A the electric field
vector a for an incident polarized light is expressed by the follow ng
equation, by using the wave vector k of the incident light and the unit

vector y" in the direction of the Y axis: [gbr] ... (7) [err] where the
angle of Kerr rotation is ignored. Being th&“angle nmade by the electric
field vector a and the 19 vector u at right angles to a, 6 i s expressed

by the fol | g¢&@ givided regions "£", "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)



equation:_ [err] .. (8) u([err]) is
obtained as u fromk' ([err]), thus the follow ng equation is satisfied -
based ,on Equation (8): [err] Equation (5) can be replaced with the
followi ng equation: [err] ... (10) Thus, the relation as the follow ng
equati on can be obt ai ned: [err] 30

(11) When it is assuned that an incidental angles [err] to a wire
surface is [err] and [err] is [err] < [err] , Equation (11) is expressed by
the follow ng equation: 20

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 = Kkgsin8g
kg = w/c = 2r/2 . .. (28)
(ko?-ay?)1/2 ENEEN
Xp = i(azz_koz)l/z Ikl <]y
ce. (29)

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



[err] \ _ ... (12) A vector k' which is
necessary for obtaining Tp, Ts, Rp, and Rs in projection is expressed by
the follow ng equation: [err] Thus the wavelength [err] of the optical
conmpofients vertically crossing to the wire grid is expressed by the
foll owi ng equation: [err] ... (14) Fromthi§1 the follow ng equation is
obtained: [err] [err] . ... (15 It
will be hereinafter described that an enbodi nent of the arrangenment of the
one-di nensional netal grid 28 and detection of the magneto-optical signal.
In Figs. 17A and 17B, corresponding parts to those of Fig. : ... (32)

where pm = mn/c, g = + (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

b, cos(uph/2) ~
Dim = Hnm cot(pmhjz)
Doy = -Hp tan(pgh/2) _ _ S e. (37)



21 4A are_denoted by the sane nunerals Fig. 17A generally shows an
optical pickup 31 according to a first enbodiment in which a one-
dimensional netal grid 28 and a hal f-wavel ength plate 32 are placed inside
t he optical wave director 25 in the | engthw se direction, so as to be
orthogonal with photodetectors 23a and 23b. #s shown in Fig. 18, the wire
28A is placed so as to.be [err] = 0 and vary [err] in the relation between
t he one-di nensional nmetal grid 28 and the incident light thereto in the
optical pickup 31. In th|scﬂﬁnqﬂ&neng,mgagsoptlcal pi ckup 31 conprises a
light source 21, g :optd gal wave director 25, and two phot odetect or's 23&)
23b, which are supported |[byin(Ryxior P-a6ded beam splitter film27 is

di sposed on the incident 'light irradiated surface of the optical wave
director 25 in the optical pickup 31. The |ight beans incident fron1the
beamsplitter film27 is irradiated to

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

Im,j = & . um(x)uj(x)dx = Imsm,j
c (m=0)
I, = .
" e/2  (m2l) ce. (39)

and integrating the expressions over the interval O £ x £ c give
(@5 + bj)Ij = % ky nlRy + &y o) .o (40)
. n -
(-aj + =2k .. (4
n,

c
Kj,n = lX _exp(ianx)uj(x)dx
° - ... (42)



t he photodetector 23a provided on a board-26 through the optical wave
director 25, and the reflected light beamis incided to a total reflection
film29 facing to the board 26. The total- reflected |ight beamis passed
through a hal f-wavel ength plate 32 which is arranged in the | engt hwi se
direction, and incided to the one-dinensional tal grid 28 piled up on the
half-mavelength pl ate 32. The transmtted Iidﬁ?Econponent and the refl ected
| i ght conmponent are incided to the photodetector 23b on the board 26. The
phot odet ector 23a is divided into four regions a, b, c, 22 and d as in
Fig. 4B. The photodetector 23b is divided into four regions, a region "e"
wher e receives tﬁen¢¢ghf“r%#tx§ﬁ¥§$tﬂba:wsumnendbm@m@#xyuﬂonﬂxtﬂong@ﬁdazs and

three regions "f, g, h" which
0O even when ¢ £ x < d and y = th/2,

i2 x, (R, - 6n,0) explia, x) =0 ... (43)

n

i} x, Ty exp(ia, x) = 0 .. (44’
n
Equations (34) and (43) hold in the interval 0 < x £ ¢ and
an'intervai c £ X £ d, respectively. Thus Equations (34) and
(43) are multiplied by exp(—iau x), integrated over the intervals
Osx<c<cand ¢c £ x < g, respectively, and added to each other.
As a.result, the orthogonality of exp(-iq,; x) gives

ix

qRq = 8q,0) = I Jq,m(Pigey + Dagby) ... (45)
m

1 c .

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



receive the light transmtted through the one-dinensional nmetal grid 28. In
the case where [err] is varied at the state where the wire 28A is placed so
as to be [err]= 0, the transmtted light and reflected light fromthe wre
28A are conposed only of Oth degree |ight when the follow ng equations are

satisfied, it will be described in detail in3adhe clause of the nodal
expansion nethods): [err] FromO[err] < [err] < 90[err], and [err]/d > O,
the foll owi ng equation is obtained: [err] 23 Fig. 19 shows the relation

of- the angle of incidence [err] to :
equations for Rn and Tn, they are reduced to

N .. (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 v
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. e (52)

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

(52) yields

ix (P

q(Pq - 8q,0) = Z Ig,m —— Z Ky, n(Py *+ 65, 0) ... (53)
m n )



[err]/d. The one- dlnen5|onal metal grid 28 serves as an anal yzer, thereby
separatlng ‘the incident light into a transmtted light and a refl ected

| i ght,_depending on the direction of polarization. As the angle of

i nci dence [err] on the wire surface is increased (Figs. 16A and 16B), the
range of the pitch "d" shown by Equation (193gshifts to smaller. According
to the above-described.arrangenent, the one- dinensional netal grid 28
whose pitch "d" is less than [err]/(1 + sin [err]) is provided in the

| engt hwi se direction together with the hal f-wavel ength plate 32 in the '
optical wave director 25 of the optical pickup 31, so that the direction of
pol ari zati on of the incident Ilght i's rotated by 45[err] by t he

hal f - wavel engt h plat 32 to 45[ er 1 d fere |aI ve detecti
Therefore, in such S‘ﬂange@@t Emﬂe Wi g 3‘1?“ tﬂR nofes duﬁ%na vhal (0#9)[ al
grid 28 that the incident |ight i § |nC|ded“at Terr] 0 as shown in Fig.
18, a smaller and nore reliable optical pickup 31 for optical recording
medi um can be realized.

These are expressed by a matrix as follows:

- /- r 3
(ix_, 0 .. .. .. 0 Y{fe_.) o )]
O - -
: H : 0
: ~  ixg : Kipg | - | 2 (&
: d : : 0
: 0 : :
0 .o - .. -0 ix P 0
~ ' 0 \\n/ .
rd ~ -~ r N
J_n'oo. J_n'm Dzo/Io 0.. ..0 KO,-n . Ko'n
: : 0 - K : : :
: : : - 0 : :
L Jn,0 - Jn,m ) \O -e .- 0 D2m/ImJ LKm,—n . Km!n/
\
(e, 0)
: ] . ... (55)
< PO + 1
: 0
LL : * )




In the case of the enbodinent of Figs. 17A and 17B, the incident |ight
successively reflected at the photodetector 23a and the total reflection
film29 is incided to the half- wavel ength plate 32 and the one-di nensi onal
nmetal grid 28 arranged in the direction to be orthogonal with the
phot odet ect ors 23a and 23b. However, instgad of this, using of the optical
pi ckup havi ng the construction of Figs. A and 20B - 24 brings the sane
effects as the enbodi nent of Figs. 17A and 17B. In this connection, in the
optical -pickup 33 of Figs. 20A and 20B, the incident light is incided to

t he photodetectors 23a and 23b through the half-wavel ength plate 34 which
is faced to the Phbs onateit ofs @éBwevidt’8basn the board 26 and t he one-

di mrensional netal grid 28 which is inserted between the half- :

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);K]1"'[iX + J(D/I);K1& | ... (58)

L ]

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



maVeIengpp pl ate 34 and the photodetector 23a. 0042 In the above exanpl e of
t he arrangenent of the one- dinensional netal grid 28, the angle of
incid%nce [err] on the wire surface is increased so that the range of the
pitch™d", shown by Equation (19), is shifted to smaller. Hereinafter, it
wi Il be described that the case where theggange of the pitch "d" is shifted
to larger, on the contrary to that. In thrs case, the wire 28A is placed so
as to be [err] = 90[err] as shown in Fig. 21, as the one-di nensional netal
grid 28 of the optical pickup 31 shown in Figs. 17A and 17B, and the
optical pi clpapv32estbengratingswi 2l ssatnics 20Borks ashdwaer npét fordned n t he
case where the wire 28A of the one-dinensional nmetal grid 28 is placed so
as to be [emitheugOfeid}, and [err] is varied, the followi ng equation is
obt ai ned from Equati on gZOL under the condition of [err]' =0, [err] =
90[err]: d- 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 limited thereto but may
be embodied by placing a polarization beam éplitter in front of a
one-dimensional metal grid, which splitter 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 should 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 described in connection with the
preferred embodiments of the invention, it will be obvious to
those skilled in the art that various changes and modifications
may be aimed, therefore, to cover in the appended claims all such

changes and modifications as fall within the true spirit and

scope of the invention.



25 [err] The relation of the angle of incidence [err] to [err]/d is shown
in Fig. 22. As found fromFig. 22, in the enbodi pent of Fig. 21, as the

angl e ,of incidence e on the wire surface is increas ‘Ql t he
pitch "d" in Equation (26) shifts to |arger. Accordﬂ l m“n enment:
of Figs. 17A, 17B, 20A, 20B, and 21, the 3Be-di mensi enat netd dgrid 28
whose pitch "d" is less than [err]/cos [erF] is disposed | engthw se or
transversally together with hal f-wavel-ength plates 32 and 34, so as to
perform45[err] differential wave detection, thereby, a smaller and nore
reliable optical pickup for optical recording nedium can be acconpli shed:
Next, it w WHADelGeChLAIMEY IBat the construction of an optical pickup 41
not requiring hal f-wavel ength plate. In the
1. An optical pickup 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
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
v _
said laser light source; 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:



optical pickup 41, as shown in Figs. 23A and 23B, the |ight beans passed
t hrough the beamsplitter 27 is incided to the one-:dlnen3| rid

28 placed | engt hwi se direction. The phot odet ect or 23 d in the
region irradiated with the reflected |ight beans of ﬂ ” F
metal grid 28, and also a total reflectioB%ilm42 |s*p
irradiated with transmitted |ight beans. Therefore, the |ight beans
reflected by the total reflection film42 is incided to the photodetector
23b after being reflected by the total reflection 26 film29. In this
case, the photodeeadt wire3grid wnit detl bosigippad segthat & atain gightc" and
"“d" as in Fig. 20B. The photodetector 23b is divided into four regions "e",
"fr, "g", apBcigedgto; geplane formed by a direction perpendicular to the
wire in a wire surface and a 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



phot odetegtor 23a. In the case of the one-dinensional netat—gri-d-28 of this
enbodi nent, 45[err] differential wave detection can b | ement ed wi t hout
using a hal f - wavel ength plate if the wire 28A is pl acﬁ"’ﬁﬁ”ﬂﬁmﬁﬂm " fy

t he follomnng equation: [err]

(21) By using Equations (14) and (15), thqofollomnng equatlon Can®be*
obtained: [err] [err] and [err] in Equation (22) are given . by the

fol |l owi ng 27 equation: [err] (23)
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



Substituting Equation (23) into Equation (22), the follow ng equatio

be obt ai ned: [err] d/[err] expressed by the foIIomﬁng-equarfﬁﬁ“VEFrgg#ggn
shown |n Fig. 25: [err] ... (25) 28 Substituting 60[ %‘ “M“\
[err] ©in the equation giving d/[err] allows nore advant

According to the above-described arrangenesit, the one-. nsi onaM nét af
grid 28 whose pitch "d" satisfies Equation (25) is disposed transversally
to the optical wave director 25 of the optical pickup 41, so that 45[err]

differential wave detection can be
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.



i npl erentgd wi thout using the hal f-wavel ength plate and a snaller and nore
reliable optical pickup for optical recording nmediumcan be realized. In
the case of the enbodi ment of Figs. 23A and 23B, by inciding the incident

| i ght passed through the beamsplitter film27 to the one-dinensional netal
grid 28 with the relation of Fig 24 ([err42— 0, 90), the reflection light
is incided t e d_t tranpsmtted light is

successi vel 8E§ $$€£§§a§€£§ é fégg& ??Bﬁ“&llns 42 and 29 to be
incided to t% 1y mever instead of this

constructlon‘ -ﬁR.nd 26B can obtain the sane effects as
t he case of =4 23A and 23B. In this connection, the

tical kup 4 d f | dent
e amsad b &%M%& §> d2R8%a 2 BEERY Slaed i hRan 6, | L8
the total refd sddgdidd |dEp?e9:atths' gﬁhﬂ@ekoaﬁ&lqn&f@ zcalmleort%nne&ﬂbeﬂu&gﬁ

which is provided | engthwise. Then; the transmtted |ight
optical pickups and optical recording medium reproducing

apparatuses. These are provided with an one-dimensional metal
grid which is formed so that the ratio h/d that the pitch Ad" and
the thickness of.metal conductors "h" constituting the wire grid
is about 0.1 or more, and also a group of light receivihg units
which receive light beams split by the one-dimensional metal

grid.

Figure 2



obt ai ned fromthe one-di mensional netal grid 28 is incided to 29-three
divided regions "f", "g", and "h" of the other photodetector 23b and the
reflection light is incided to one divided region "e". (4) Mdal expansion
met hods Now t he nodal expansion nethods used in the above enbodi nent will
be descri bed. The nodal expansion nethods, appliedto diffraction grating of
a special shape, such as a rectangul ar shapg, is known to readily provide
results. The methods use the technique that nodal expansion in a groove
and Rayl ei gh expansion outside the groove are matched with each other. The
expansi on nethods is specifically described regardi ng the one-di nensi onal
metal grid (perfect conductors) 28 shown in Fig. 7. §5

A

=



Let f (x,.y) be the space-dependent conponent of the Z-axis conponent of a
nagnetic‘?ield (S node) or an electric field (P node), which

space- dependent conponent under goes Rayl ei gh expansion into a pl ane wave
above and under netal (y [err] h/2, y [err] -h/2). Regarding the expansion
above the nmetal (y [err] h/2) and under the nmetal (y [err] -h/2), the
follow ng equations are satisfied: [err] 3.8 (26) 30 [err] (29) where Rn
and Tn are conpl ex anplitudes of reercteJ l'ight and transmitted |ight.

141
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Solving the Helmholtz equation [err]f + k[err] f = 0 so that a Neunmann
boundary condition [err]f/[err]n" = 0 (n' represents a surface nornal
vectorr) (S node) or a Dirichlet boundary condition f = 0 (P node) is
satisfied in intervals O [err] x [err] ¢c and'-h [err] y [err] h/2 yields
[err] 31 ... (32) where [err] = m/c, [err] and [err] and [err] are
conplex anplitudes. In the P node, [err] 3/ and m[err] 1. Solving the
Hel mhol tz equation on matching condition that f (x, y) and [err]f/[err]y
are continuous on the interval O [err] x [err] ¢ and at y h/ 2 yields the
foll ow ng equations when y = h/2: [err]
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Weny =_.-h/2 [err] Thus, [err] 32 [err] Now an S pol arization wave is
descri bed. Equations (33) and (35) hold in the interval O [err] x [err] c.
In the interval, vectors represented by the equation [err] = cos [err] are
at right angles to each other. Thus nultiplying Equations (33) and (35) by
[err] (x), using c [err] and integrating the expressions over the interval

0 [_err] X [err] c give 4/18
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[err] 433 Since "f" satisfies the Neumann boundary condition [err] O even
when c [err] x [err] d andy = h/2, [err] Equations (34) and (43) hold in
the interval O [err] x [err] ¢ and an.interval c [err] x [err] d,
respectively. Thus Equations (34) and (43) are nultiplied by exp([err]),
integrated over the intervals O[err] x [err] c and c [err] x [err] b,
respectively, and added to each other. Asspgigesult, the orthogonality of
exp([err] x) gives [-err] [err] Simlarly, fromEquations (36) .and (44)
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Equations, (40), (41), (45), and (47) are solved as simultaneous equations,
contai ning four unknowns. To solve the 34 equations for Rn and Tn, they
are reduced to [err] Adding Equation (40) to Equation (41) and subtracting
Equation (41) from Equation (40) yield [err] Adding Equation (45) to
Equation (47) and subtracting Equation (47) from Equation (45) yield [err]
Substituting Equations (49) and (50) intoeM@uati ons (51) and (52) yields
[err] . )
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35 [err] ,These are expressed by a matrix as follows: [err] 36 This
matrix is abbreviated as [errr] Thus, [err] Simlarly, [err]

2

7/18

1.0 ~ "
I

-~ t v ~_ -THEORETICALLY OBTAINED CURVE

— EXPERIMENTALLY OBTAINED CURVE

o
w
I

TRANSMITTANCE

0.0 :
1.0 2.0 3.0

2/d



In the same way as described above, the following are obtained for a P

pol ari zati on wave: [err] (5) O her enbodi nents Wiile the invention has been
descrjbed in enbodi ments, wherein a one-dinensional netal grid conposed of
perfect conductors is used, it should be understood that the invention is
not linmited thereto but may be enbodi ed using a one-di nensional netal grid
conposed of not perfect conductors if tHHy18onductors 37 provide the
grating with satisfactory anal yzer performance without fail. Al though the

invention has al so been described in enbodinents, wherein a beamsplitter
filmis placed on an : -
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incident |ight

under st6od that the invention is not
placing a polarization beamsplitter in front of a one-dinensional

irradi ated surface of a wave director,
limted thereto but may be enbodi ed by

it should be

nmet al

grid, which splitter with a P wave transmttance Tp of 100 and an Ts wave

transm ttance of 25, for exanple,

i nvention has further

. pi ckup records information on a magneto-opti cal
it should be understood that the invention is not

t heref rom

thereto but may be enbodi ed using an opti cal
card and reproduces it therefrom Wile there has

“information on an optical

has enhanci ng functi on.
been descri bed i ngga®odi nents,

Whil e the
wherein an optica
di sc and reproduces it
limted
pi ckup whi ch records

- been described in connectioff i th the preferred enbodi nents of the

and nodifjcytions as fall

o those skillled in the art that vari ous

to cover in the appended

d, therefore,
within the true spirit
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scope of t

he i nventi on. 38 WHAT IS CLAIMED I S: 1. An optical pickup

~conprising: a laser light source emitting a |ight beam an objective |ens

for {ocusi
. recordi ng
recei ving
~splitting
recordi ng
awre gri

ng a light beamemtted fromsaid |laser |ight source on the data
surface of an optical recording nedium |ight receiving nmeans for
a returned light fromsaid optical recording nedium |ight beam

means for splitting said returb@8light fromsaid optica

medium fromthe emtted light fromsaid |aser |ight source; and
d unit positioned between, at |east, a part of

h/d=0.01

TRANSMITTANCE

2/d
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said light receiving nmeans and said |ight beamsplitting neans, for

transmtting polarization conmponént in the-light beam wherein said wire
grid;tinit is formed so that the ratio h/d of a pitch "d" to the thickness
of metal conductors "h" constituting a wire is approxinmately 0.1 or nore.

2. The optical pickup according to claim11, wherein a half-wavel ength
plate is positioned between said optical 1bgEn splitting neans and said wire
grid unit. 3. The optical pickup according to claim 2, wherein: 39

said wire grid unit is positioned so that a main light incided to a plane
formed by a direction perpendicular to the wire in-a wre surface and a
normal to said wire surface; and
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said pitch "d" satisfies the following condition: [err] when [err] is the
angl e of incidence of a light which is incided via said hal f-wavel ength
platg"to said wire, and [err] is the wavel ength of incident light. 4. The
optical pickup according to claim2, wherein: said wire grid unit is
positioned so that a main light is incided to a plane fornmed by said wire
direction and a nornmal to said wire surfa2Ad8 and said pitch "d" satisfies
the following condition: [err] when e is the angle of incidence of a |ight
which is incided via said half-wavel ength plate to said wire surface, and
[err] is the wavelength of the incident |ight. 5. The optical pickup
according to claiml1l, wherein: in said wire grid unit, said pitch "d"
satisfies the follow ng condition:
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[err] when [err] is the angle of incidence of a light incided to said 40

W re surface,
opti ¢al

angl e of
opti cal

and [err]

is the wavel ength of the incident
pi ckup according to claim 1, wherein said |ight beamsplitting
means has a pol arization beamsplitter film 7.

according to claim1, wherein said wire grid unit
i nci dence of a main incident
recordi ng medi um r eproduci ng apparat us conpri si ng:

light. 6. The
The optical pickup

is positioned so that the
| i gi3/1Bs 60[err] or nore. 8. An

a laser |ight

source emtting a light beam an objective |lens for focusing a |light beam

emtted from

FIG. 15 A
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said lager light source on the data recording surface of an optical
recording nmedium |ight receiving neans for receiving a returned |ight from
sai dzbptical recording nedium having a plurality of light receiving units;
i ght beam splitting neans for splitting said returned light fromsaid
optical recording nediumfromthe emtted Iight fromsaid | aser |ight
source; a wire grid unit positioned betwddfl8at |east, a part of said |ight
recei ving means and-said |light beamsplitting neans, for transmtting a
predeterm ned pol ari zation conponent in.the | ight beam said wire grid
unit being forned so that the ratio h/¢ of a pitch "d" to the thickness of
nmetal conductors "h" consisting of a wijre is approximtely 0.1 or nore; and
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nmeans for detecting an information signal on said optical recording medium
based dh the output of the light receiving unit for receiving the

polaFlzatlon conponent of the light beamtransmtted through said wire grid
unit and al so based on the out put of the light receiving unit for receiving

the pol ari zation conponent of a light beamreflected by said wire grid
unit. 15/18 i
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