) FisSton~ HE
TO OPTI CAIBTtKUP APPARATUS AND MAGNETO- OPTI CAL

DI NG REPRODUCI NG APPARATUS The present invention re
0 d magnet o-optical pickup apparatus for recording an information signal

In and/ or reproduci ng such a signal froma magneto-optical recordi ng nmedi um
gty utilising a magneto-optical effect such as a magnetic Kerr effect or a
araday effect and to a 1

MAGNETO-OPTICAL PICKUP APPARATUS AND
MAGNETO-OPTICAL RECORDING/REPRODUCING APPARATUS

The present invention relates to a magneto-optical
5 pickup apparatus for recording an information signal on
and/or reproducing such a signal from a magneto-optical
recording medium by utilising a magneto-optical effect such
as a magnetic Kerr effect or a Faraday effect and to a
magneto-optical recording and/or reproducing apparatus using
10 such pickup apparatus same.
Recently, in both light and magnetic field methods
of modulation are known in the recording of a signal onto a
magneto-optical recording medium. The magnetic field
modulation method has the advantage that it can achieve an
15 overwrite operation.

Figure 1 of the accompanying drawings shows a
conventional magneto-optical pickup apparatus using the
magnetic field modulation method.

| When a single-sided magneto-optical recording

PO medium 50 is loaded, an optical system including a laser

5 device 58, an objective lens 59 and the like is arranged
over the upper surface side of the single-sided magneto-
optical recording medium 50, and a magnetic field generator

{ 60 is arranged under the lower surface of the recording

25 medium 50.

A driving system (not shown) is arranged to drive
the optical system in focusing and tracking directions with
respect to the magneto-optical recording medium 50. Another
driving system (also not shown) is arranged to drive the

30 magnetic system in a direction of the arrows in figure 1 and
the tracking direction.

The magnetic field modulation method requires
reversal of the magnetic field to be carried out at high
speed and the inductance of the field coil makes a

35 sufficient excitation current difficult to obtain, with the
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e - opt i cal recordi ng and/ or reproduci ng apparatus using such pickup

Bt Us Ssane. Recently, in both |ight and magnetic field
xls of nodul ation are known in the recording of a signal onto a
t 0-optical recording medium The nmagnetic field nodul ati on nmethod has
dvantage that it can achieve an qverwite operation. Fi gure
t he acconpanyi ng draw ngs shows # convent i onal magnet o- opti cal pi ckup

. bératus i the magnetic figeld nmodul atio t.hod. . When a
ngl e-rﬁsd‘éiit :%banteft&eo&qq?eﬁatree SPEIR %ﬁlﬁ%q%e'}%%eﬁ an opti cal

st emliimdltedl .ng To |effme tdentiice e ecdn difjeemtagreetiianst H9lénd the like is

rang RREY I ' f | =51 net o- opti cal

cordrg%a%\r?e?é(ﬁ%%%Sdé, an_(ﬁ); ﬂé&%eﬁlﬁffé%%gﬁe%%%%ﬁs%ranged under

e |OW@pqgﬂqqugqgnqqurkﬁﬁgQHQiJ(to be described later) of the

5 single-sided magneto~-optical recording medium 50.
The single-sided magneto-optical recording medium
50 is constituted by a sequentially stack of a dielectric
layer 52, the recording magnetic layer 53 formed of, eg, a
rare earth-transition metal alloy amorphous thin film, and
10 having a large magneto-optical effect, a dielectric layer
54, a reflecting layer 55 and a protection cover 56, on one
surface of a transparent substrate 51 formed of, eg,
polycarbonate. In this case, the thickness of the
transparent substrate 51 is uniform, eg, 1.2 mm.
15 The single-sided magneto-optical recording medium

50 is placed on a rotary disc (not shown), and a magnetic
field is applied by energisation of the magnetic field
generator 60 to the recording magnetic layer 53 of the
recording medium 50. The magnetic field to be applied is

20 reverse-controlled at high speed, and a laser beam emitted
from the laser device 58 is focused on the are of the
recording magnetic layer 53 which is subject to the magnetic
field, so that a region of the recording magnetic layer 53

| where the laser beam is focused can be magnetised, so that

25 an information signal can be overwritten in real time.

Along with an increase in information storage
capacity in recent years, a double-sided magneto-optical
recording medium which can record information signals on
both surfaces of the disc has been developéd.

30 A conventional double-sided magneto-optical
recording medium 70 as shown in figure 2 is constituted by
bonding a magneto-optical recording medium A obtained by
sequentially stacking a transparent.substrate 71a, a

dielectric layer 72a, a recording magnetic layer 73a, a
35 dielectric layer 74a and a reflecting layer 75a, and a
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m 50. A driving system (not shown) is arranged to drive the
Bfal systemin focusing and tracking directions with respect to the
to-optical recording nedium 50. Another driving system (al so not

Wn) is arranged to drive the magnetic systemin a direction of the

Fows in figure 1 and the tracking direction. The magnetic field
dul ation nethod requires reversal ofsthe magnetic field to be carried out
2 hi gh speed and the inductance of the field coil nakes a sufficient

efci t atmagmesuy-roptti ch if frecdddiny aleiddiuln BMdbtdireed by sequentially

stacking a transparent substrate 71b, a dielectric layer

72b, a recording magnetic layer 73b, a dielectric layer 74b
and a reflecting layer 75b by means of an adhesive 76. 1In
s this double-sided magneto-optical recording medium 70, the
thickness of the transparent substrates 71a and 71b has to
be several mm to assure sufficient mechanical strength.
Since the recording medium 70 is constituted by stacking the
transparent substrates 7la and 71b, the recording magnetic
10 layer 73a and 73b and the like, the medium 70 is
significantly thicker then the single-sided magneto-optical
recording medium 50.

Attempting to use the conventional magneto-optical
pickup apparatus of the magnetic field modulation type shown
(5 in figure 1 uses the double-sided magneto-optical recording
medium 70 poses the following problem. Since the optical
system is arranged above the upper surface of the double-

sided magneto-optical recording medium 70 and the magnetic

system is arranged below it, during recording onto the upper

0 magneto-optical recording medium A while the laser beam can
be focused on the recording magnetic layer 73a from the
upper surface side, but a magnetic field of sufficient
intensity cannot be applied from the magnetic field
generator 60 below the disc because of the thickness of the

{5 disc. In the magnetic field modulation type magnetic field
generator, a high-frequency current responding to a high-
frequency data signal must be caused to flow through its
electromagnetic coil, but the inductance of the coil opposes
this so that the generated magnetic field is limited. 1In

30 addition, the distance between the magnetic field generator
60 and the recording magnetic layer 73a is large. For this
reason, it is very difficult to achieve double-sided
magneto-optical recording of a magnetic field modulation
method by the conventional technique.

35 It is an object of the present invention to
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ge. t hat the generated nmagnetic field strength is limted. To offset
®ect, the magnetic field generator 60 has to be as close as

@ble to the recording magnetic |ayer 53 (to be described later) of
0| e- si ded nmagnet o-optical recording nmedi um 50. The

B%'si ded magnet o-optical recording nmedium50 is constituted by a

ally stack of a dielectric layér 52, the recordi ng magnetic | ayer
hmed of , , arare earth-transition met al aIIg&\anDrphous thin film

“havi p@vaqea@gé\qs&@ﬁ@repéﬁpﬁéapwﬁ&@ppénﬁtas@c

perform recording/reproduction for a magneto-optical

recording medium with a simple arrangement, and in which the
optical system and the magnetic system can be arranged to
§ the same side of the medium.

According to a first aspect of the invention,
there is provided a magneto-optical pickup apparatus
characterised by comprising:

laser beam focusing means for focusing a laser

10 beam emitted from laser beam emission means onto a magneto-
optical recording medium; and

magnetic field generating means, arranged adjacent
to said laser beam focusing means, for generating a magnetic
field to be applied to said magneto-optical recording

15 medium, wherein said magnetic field generating means
comprises a plate through which the laser beam can pass, and
a coil pattern, formed on said plate for generating the
magnetic field.

A second aspect of the invention provides a

20 magneto-optical recording/reproducing apparatus for
recording/reproducing a magneto-optical recording medium,
which is constituted by stacked recording layers and
transparent protection plates on two surfaces of a substrate

{ characterised by including a magneto-optical pickup
25 apparatus comprising:
laser beam focusing means for focusing a laser
beam emitted from laser beam emission means onto a magneto-

optical recording medium; and
magnetic field generating means, arranged adjacent
30 to said laser beam focusing means, for generating a magnetic
field to be applied to said magneto-optical recording
medium, wherein said magnetic field generating means
comprises a plate through which the laser beam can pass, and
a coil pattern, formed on said plate, for generating the
35 magnetic field.
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reflecting |layer 55 and a protection cover 56, on one surface of a
parent substrate 51 fornmed of, eg, polycarbonate. In this case, the
ness of the transparent substrate 51 is uniform eg, 1.2 nm
si ngl e-si ded nmagnet o-optical recording mediumb50 is placed on a rotary
@sc (not shown), and a magnetic field is applied by energisation of the
gnetic field generator 60 to the recdrdi ng nmagnetic | ayer 53 of the
rigcor di ng nedi um 50. The magnetic field to be applied is reverse-controlled
af hi gh speed, arft Hhizkasprein ehithedinyontine PEQ¥EIA®RVRce 58 is focused
of the rdghafotdist IQCIONHdWrdRINLteSroa€in§3apbatatius sopj ect to the

gnetic giq%d fo th% a re%lon of the recorglng nagnetic %a er 53 where
t e | astF PR I4- SRR AP R FRYhRT PREGC2 S oX ERAFIARI i RFA ™Rt i on si gnal
dn be wivichwis teonsti eadd thyesstacked highApenmeabihity layerase in
f°§m¥éégkéﬁﬁge¥5§ers and transparent protection plates on two

surfaces of a substrate, characterised by including a

-0

magneto-optical pickup apparatus comprising:

laser beam focusing means for focusing a laser
beam emitted from laser beam emission means onto a magneto-
10 optical recording medium; and

magnetic field generating means, arranged adjacent
to said laser beam focusing means, for generating a magnetic
field to be applied to said magneto-optical recording
medium, wherein said magnetic field generating means
15 comprises a plate through which the laser beam can pass, and

a coil pattern, formed on said plate, for generating the
magnetic field.

It will be apparent that because the magnetic and
optical system do not have to be located below and above the
0 disc, the invention allows individual pickups to be provided

for the two recording layers of a double sided disc.

In the magneto-optical pickup apparatus described
above, a magnetic field to be applied to a magneto-optical
recording medium is generated from a plate on which a coil

¢5 pattern is formed, and this plate can allow light to pass
therethrough. Thus, the plate can be arranged adjacent to
the laser beam focusing means, and the optical system and
the magnetic system can be arranged to the same side of the
magneto-optical recording medium. Since the distance

30 between the coil pattern and the magneto-optical recording
medium can be shortened, the magnetic field from the coil
pattern can be applied to the magneto-optical recording
medium from a position closer to the medium, which
alleviates the problem noted above regarding the coil drive

5  current.
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Fapacity in recent years, a doubl e-sided nmagneto-optical recordi ng nmedi um
i ch can record information signals on both surfaces of the disc has been
evel oped. A conventional doubl e-si ded nagneto-optical recording
dium 70 as shown in figure 2 is constituted by bondi ng a magnet o- opti cal
ecordi ng nmedi um A obt ai ned by sequentéally stacking a transparent
ubstrate 7l1a, a dielectric layer 72a, a recording magnetic |ayer 73a, a

ielectric layer pifia afybide {68 1811 NG | AYH hePBeWFiBed by way of
non-limitative example with reference to the accompanying
drawings, in which:-~
Figure 1 is a sectional view showing an
5 arrangement of a conventional magneto-optical pickup
apparatus;
Figure 2 is a sectional view showing a structure
of a conventional double-sided magneto-optical recording
medium;

10 Figure 3 is a sectional view showing an
arrangement of a magneto-optical pickup apparatus according
to the embodiment 1 of the present invention;

Figure 4 is a front view of an optical glass
formed with a coil pattern, which can be used in the

15 magneto-optical pickup apparatus shown in figure 3;

Figure 5 is a sectional view showing an
arrangement of a magneto-optical pickup apparatus according
to a second embodiment of the present invention;

Figure 6 is a sectional view showing an

20 arrangement of a magneto-optical pickup apparatus according
to a third embodiment of the present invention; and

Figure 7 is a sectional view showing an
arrangement of a magneto-optical pickup apparatus according
to a fourth embodiment of the present invention.

25 Embodiments of the present invention will be
described below with reference to figures 3 to 7.

Figure 3 is a sectional view of a magneto-optical
pickup apparatus according to the embodiment 1 of the
present invention.

30 The magneto-optical pickup apparatus shown in
figure 3 comprises a pickup 6 as an optical system including
a laser device 1, an objective lens 2, a coil bobbin 4

| around which a focusing coil 3a and a tracking coil 3b are
‘ wound and a magnet 5 arranged around the coil bobbin 4, and
35

a magnetic field generator 9 as a magnetic system.
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agnet o-opti cal recordi ng medium B obtai ned by sequentially stacking a
misparent substrate 71b, a dielectric layer 72b, a recordi ng magnetic

ver 73b, a dielectric layer 74b and a reflecting |ayer 75b by neans of an
hesive 76. In this double-sided nmagnet o-optical recording nmedium 70, the
I ckness of the transparent substrates 7la and 71b has to be several nmmto
sure sufficient nmechanical strength. Bince the recording nmedium70 is
nstituted by stacking the transparent substrates 7la and 71b, the

cordi ng magnet i @Heaytsril7 3wkrich Mo fariche el dkivpe 6 thiees needj urg 70 i s

gni fi e3ntnarikaak ¥hddien ddif Hd' P et 4R RSO 1 EAving the
pickup 6 in a direction f in figure 3 and the tracking coil
3b for driving the pickup 6 in a direction t in figure 3 are
5 arranged around the bobbin 4. A lens support member 2a is
arranged at a position close to an end portion 4a of the
coil bobbin 4. The member 2a supports the objective lens 2
for focusing a laser beam emitted from the laser device 1.
The magnetic field generator 9 is constituted as
10 follows. That is, as shown in figure 4, a conductor 7a
through which a current of a high-frequency signal is caused
to flow to generate a magnetic field is formed, as a spiral
goil pattern 7, on a surface 8a (a lower surface in figure
3) of an optical glass 8 of, eg, silica glass having light
15 transmission characteristics. The end portion 4a of the
coil bobbin 4 is adhered and fixed to a surface 8b (an upper
surface on which no coil pattern 7 is formed in figure 3) of
the optical glass 8 so that the centre of the coil pattern 7

is aligned to coincide with the centre of the objective lens
20 2. Thus, since the laser beam can be focused on the centre
of the generated magnetic field, centring adjustment in
assembly of the pickup can be omitted.
The optical glass 8 is not limited to silica glass
! as long as it has adequate light transmission

525 characteristics. The coil pattern 7 may comprise, eg, a
printed ceoil, a thin film coil and the like.

A first double-sided magneto-optical recording
medium 10 shown in figure 3 is described in the
specification and drawings of Japanese patent aprlication

30 number 14256/1989 previously filed by the present applicant
in Japan. In this medium, recording sections 16, photo-
curing resin layers 17 and transparent protectior. plates 18
are respectively arranged on two surfaces of a common
substrate 11.

35 In each recording section 16, a reflecting layer
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secor di ng medi um 50. Attenpting to use the conventiona
ragnet o- opti cal pickup apparatus of the magnetic field nodul ation type
'shown in figure 1 uses the doubl e-si ded nagnet o-optical recordi ng nedi um 70
poses the followi ng problem Since the optical systemis arranged above the
upper surface of the doubl e- sided magneto-optical recording nmedium 70 and
t he magnetic systemis arranged belo® it, during recording onto the upper

nagneig %tlcal recordin gﬁ@|un1A while the | aser beam can be focused on
he r &gor <A t0 PhyELOPET fioohbenEWRRsEA LR Faddh de, but a
rragnetecofrdejmy ofaghigftfiiccilayle i n2ensimthye c‘r@rfrl@tcdlmgamdyad fg0orathe magnetic

ield | o iS¢ ause of. the thi of t disc. In
he magﬁgﬁ td?’ ]1% £ % uﬁa&?%nq‘t ypet%r“?agﬁgf}r ]ﬂgel“k?%‘%elr 85

i gh- ﬁﬁéqaeﬁdyﬁ¢uﬂn@decﬂéspod@wmg t1é arei ghacdkesyuarmmy thﬁea S|gnal must be
Caysedubatia@w HiAr qugl its

Since the double-sided magneto-optical recording
medium 10 has the common substrate 11, its thickness can be
nearly half that of a double-sided magneto-optical recording
medium 50 formed by adhering two substrates.

10 In the magneto-optical pickup apparatus with the
above arrangement, when a focusing drive current is supplied

‘ to the focusing coil 3a, the coil bobbin 4 and the magnetic
field generator 9 arranged in the coil bobbin 4 are shifted
in a focusing direction as an optical axis direction of the

15 objective lens 2 indicated by an arrow f£ in figure 3. When
a tracking drive current is supplied to the tracking coil
3b, the coil bobbin 4 and the magnetic field generator 9 are

shifted in a tracking direction as a direction perpendicular
to the optical axis of the objective lens 2, as indicated by

¢0 an arrow t in figure 3.

At the same time, a high-frequency current signal

obtained by amplifying a signal to be recorded is supplied
to the coil pattern 7, formed of the conductor 7a, of the .
magnetic field generator 9, thereby generating a magnetic

25 field. The magnetic field is reverse-controlled at high
speed in response to the signal to be recorded, and is
applied to the recording magnetic layer 12 of the double-
sided magneto-optical recording medium 10. A laser beam
emitted from the laser device 1 is focused on a region of

30 the recording magnetic layer 12, where the magnetic field is
applied, through the objective lens 2 and the optical glass
8 to increase the local temperature of the recording
magnetic layer 12 beyond its Curie temperature, thus
recording an information signal.

35 As can be seen from the above description, in a
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rectromagnetic coil, but the inductance of the coil opposes this so that
‘ne generated magnetic field is limted. In addition, the distance between
'he magnetic field generator 60 and the recording magnetic layer 73a is
arge. For this reason, it is very difficult to achieve doubl e-si ded

gnet o-optical recording of a magnetic field nodul ati on nmethod by the
onventi onal techni que. It §s an object of the present inven

magneto-optical pickup apparatus of this embodiment, the
optical system as the pickup 6 comprising the laser device
1, the objective lens 2 and the like, and the magnetic
system as the magnetic field generator constituted by

5 forming the coil pattern 7 on the optical glass 8 are
arranged on the same side of the double-sided magneto-
optical recording medium 10, so that the distance between
the coil pattern and the magneto-optical recording medium 10
can be shortened. For example, as will be described in the

10 second and third embodiments, recording and reproduction on
) the double-sided magneto-optical recording medium by the
magnetic field modulation method, which are very difficult
to achieve by the conventional method, can be realised.
The coil bobbin 4 of the pickup 6 and the magnetic
15 field generator 9 are fixed by, eg, bonding, so that the
centre of the objective lens 2 can be easily aligned with
the centre of the magnetic field of the magnetic field
generator 9. 1In addition, since the pickup 6 and the
magnetic field generator 9 can be moved in tandem with each
20 other by the focusing servo, the strength of the magnetic
field to be applied to the double-sided magneto-optical
recording medium can be kept constant. Therefore, the
driving system for the magnetic system which is required in
the conventional apparatus can be omitted. Since the
25 magneto-optical pickup apparatus has reduced space
requirements, the degree of freedom in design of the
apparatus can be increased.
Note that reproduction for the double-sided
magneto-optical recording medium 10 can be realised by using
30 the laser device 1 and a light detection means (ﬁot shown)
which includes a deflection beam splitter (not shown)
arranged between the laser device 1 and the objective
lens 2.
A second embodiment of the invention is shown in
35 figure 5, in which a second magneto-optical pickup apparatus
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4 provide a magneto-optical pickup apparatus, which can perform
recordi ng/ reproduction for a magneto-optical recording nmediumw th a sinple
arrangenent, and in which the Optical systemand the magnetic system can be

arranged to the same side of the nmedium According to a first
Jaspect of the invention, there is provided a nmagneto-optical pickup
appar atus characterised by conprisinmp | aser beam focusi ng neans

or focusing a | aser beamemtted fromlaser beam em ssion neans onto a
gnetig ayprangdd reclonditie wedikig - sidied magneto-ompgihesl cré¢@lI'H“&énerati ng
ans & A 98y Sl ALRMe 1. Saihd 2SEE 1 DEAMIALHSH O I SRSPEsed OF generating
alnﬂy¥¥éé% and second magneto-optical pickup apparatus to the
upper and lower sides of the disc.
5 In this case, the first and second magneto-opt +¢al
pickup apparatus disposed to opposite sides of the medium 10
may each be constituted as described in the first
embodiment. Numerals and suffixed letters of constitutifg
elements 1' to 9' of the second magneto-optical pickup
10 apparatus shown in figure 5 correspond to those denoted by
' reference numerals 1 to 9 in figures 3 and 4, and a detaltled
description thereof will be omitted.
The first and second magneto-optical pickup
apparatus are operated in the same manner as that in the
15 embodiment 1. The first and second pickup apparatus are
synchronously driven in the directions £ and t,
respectively.

According to the second embodiment, simultanec\s
recording and reproduction of the double-sided magneto-
20 optical recording medium can be performed. For example,
when the laser devices 1 and 1' and the magnetic field
generators 9 and 9' are used at the same time, simultaneous
recording on the upper and lower surfaces of the double
sided magneto-optical recording medium 10 can be performad-
. §5 When the laser devices 1 and 1' are used at the same tine.

§
1

simultaneous reproduction can be performed. Thus, the
capacity of the medium can be increased, and recording and
reproduction of an information signal can be realised a!
higher speed.

In addition, recording or reproduction is
performed on one surface of the double-sided magneto--op\ical
recording medium 10, and then, recording or reproductiott can
be performed on the other surface. Thus, recording and
Teproduction of a capacity twice that of a single-sided
Nagneto-optical recording medium are allowed.
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®t 0 be applied to said magneto-optical recording nedium wherein said
gic field generating neans conprises a plate through which the |aser
Fan pass, and a coil pattern, fornmed on said plate for generating the
itic field. A second aspect of the invention provides a

Bt 0-optical recording/reproduci ng apparatus for recording/reproducing a
get o-optical recording nmedium whigch is constituted by stacked recording
®rs and transparent protection plates on two surfaces of a substrate

j;" acterised by imalHediardve wﬁqt@r@pt(tg@é R Pregrial iad sls:orrprl si ng:
g;l beal{?ef OCL% rg lee?r%zﬁf&%{?ef:g %’?é@% be%e]{antte from I aser beam
Onet i dnckld genmerks ivspdeanshearsaang etdinesl] adeinte the magnetic
field generator 9 or 9' arranged on the other surface side
5 1is generating a magnetic field. Therefore, since the
magnetic fields can be applied from two surface sides to one
nagnetic recording layer 12, recording can be performed at a
higher magnetic field strength.
When recording is performed on one surface,
10 recording can be performed using the magnetic field
generator arranged on the other surface side.
A third embodiment will be described below. As
shown in figure 6, this embodiment employs the same magneto-

. optical pickup apparatuses as in figure 5, and can use a
'15 second form of double-sided magnéto~optical recording medium
30 to perform recording and reproduction.

The second form double-sided magneto-optical
recording medium 30 has been proposed in the specification
and drawings of Japanese patent application number

20 274734/1989 by one of the present inventors and others. 1In
this medium, high-permeability layer 32, photo-curing resin
layérs 33, magneto-optical récording layers 34, adhesive
layers 35, and transparent protection plates 36 are
sequentially stacked on the two surfaces of a common

25 substrate 31, respectively. Each high-permeability layer 32
is formed of a material having a high magnetic permeability,
such as a transition metal (eg, Fe, Co, Ni or the like), a
permalloy as their alloy, sendust or an amorphous magnetic
alloy. The layer 32 can improve a perpendicular magnetic

30 field efficiency in a direction perpendicular to the surface
of the double-sided magneto-optical recording medium 30.

In the third embodiment, since the second double-
sided magneto-optical recording medium 30 comprises the
high-permeability layer 32, magnetic fluxes from magnetic

35 field generators 9 and 9' form magnetic closed loops, as
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S d | aser beam focusing neans, for generating a magnetic field to be

[ ed to said magneto-optical recording nedium wherein said nagnetic

)l generating nmeans conprises a plate through which the | aser beam can

and a coil pattern, forned on said plate, for generating the magnetic
5

12

jndicated by broken lines in figure 6. Therefore, magnetic
fluxes applied to the double-sided magneto-optical recording
medium 30 can be effectively focused in a recording mode, so
that the perpendicular magnetic field efficiency of the
medium 30 is improved.

In the third embodiment, since recording or
reproduction can be simultaneously executed on the two
surfaces of the double-sided magneto-optical recording
medium, or after recording or reproduction is performed on
10 one surface, recording or reproduction can then be performed

on the other surface.
T In the magnetic field generator 9 or 9' in each of
the embodiments 1 to 3 of the magneto-optical pickup
apparatus, the coil pattern 7 or 7' is formed on the optical
15 glass 8 or 8' as a plate having light transmission
characteristics. Alternatively, in order to prevent
reflection, a plate in which a hole for allowing a laser
beam to pass therethrough is formed to provide light

transmission characteristics may be used.

20 In the above three embodiments, the magnetic field
generator 9 is constituted by forming, as the spiral coil
pattern 7, the conductor 7a through which a current of a
high-frequency signal is caused to flow to generate a
magnetic field on the surface 8a of the optical glass 8

25 having suitable light transmission characteristics.
However, the plate on which the coil pattern 7 is formed
need not always be an optical glass but may comprise a non-
light transmissive material, eg, a metal plate, as will be

l described in the fourth embodiment described below with

30 reference to figure 7. The same reference numerals in this
embodiment denote the same parts as in the embodiments 1 to
3, and a detailed description thereof will be omitted.

A magnetic field generator 9 of the embodiment 4
is constituted by forming, as a spiral coil pattern 7, a
35 conductor 7a for generating a magnetic field upon reception
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't hird aspect of the invention provides a magneto-optical

cordi ng/ reproduci ng apparatus for recordi ng/reproduci ng a nagnet o-opti cal
wecor di ng nmedium which is constituted by stacked high-perneability |ayers,
Fecordi ng | ayers and transparent protection plates on two surfaces of a
ubstrate, characterised by including a nmagneto-optical pickup apparatus
onpri si ng: | aser beam focusj ng neans for focusing a | aser beam
mtted fromlaser beam em ssion nmeans onto a magnet o- optical recording

di unpfaadhigh- freque@ﬁﬁjne.stlg%écl Il DNBFRAIdNBOREYIS a PriRpged adj acent to
aid | ase beﬁ f ans r_generatin nmag netlc field to be
ppl i ed® f“g &&ai ? H& Z‘t&%o t@élnqde&i’gcﬁq{&‘%%rﬁ N¢tdS d magnetic
ield gehen:amlngun:baras deyriteesirec oo laatpe driamo uglapahi chnt lad ixsiesn peam can
ﬁﬂdopenlng 40c having a diameter large enough to allow the
5 ray bundle of the laser beam focused by an objective lens 2
to pass therethrough is formed at the central portion of the
planar member 40. An end portion 4a of a coil bobbin 4 is
adhered and fixed to a surface 40b (which has no coil
pattern 7) of the planar member 40 so that the centre of the
10 coil pattern 7 is aligned to coincide with the centre of the
objective lens 2 and to coincide with the centre of the '
opening 40c of the planar member 40. Since the opening 40c
is formed at the central portion of the planar member 40, a

laser beam emitted from a laser device 1 can be focused on
15 the centre of a magnetic field generated by the coil
pattern 7.
The planar member 40 may be entirely formed of a
soft magnetic material such as ferrite. Alternatively, a
base plate formed of a non-magnetic material may be
20 prepared, and a thin film of a soft magnetic material such
as ferrite may be formed on the base plate by sputtering or
deposition. According to the embodiment 4, since the coil
pattern 7 of the magnetic field generator 9 is formed on the
planar member 40 formed of a soft magnetic material such as
5 ferrite, a closed magnetic path is formed between the
recording medium and the magnetic field generator 9 as in
the case wherein the high-permeability member is arranged
| like in the embodiment 3. Therefore, since magnetic fluxes
i generated at the side of the objective lens 2 of the pickup
0 can be efficiently guided toward the recording medium, the
efficiency of the magnetic field generator 90 can be
improved.
The fourth embodiment discloses an arrangement
wherein the pickup apparatus is arranged on one surface side
of the double-sided magneto-optical recording medium like as
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bi | pattern, forned on said plate, for generating the magnetic field.

Wi | | be apparent that because the magnetic and optical system do not

ge to be | ocated bel ow and above the disc, the invention allows

di vi dual pickups to be provided for the two recording |ayers of a double
ded di sc. In the magnet o-optical pickup apparatus described

ove, a magnetic field to be applied4 o a magneto-optical recordi ng medi um
[ genera& d froma plate on which a coil pattern is fqornmed, and this plate

chn al FBWEPRg TS SRROGINEN hr ddFe IRy e lihe theadd be arranged

gneti t e ranged tq the sane side .of the magnet.o-optical
cor did%S%d%? r%ce %gin%(genae{tf?er%%sltcgﬁcgeﬁ&r\%e&? t“hegdl(':‘%‘} Illpa% tlgehr ﬁtt};ﬁﬁd t he
gnet §egpnidc aind ddurmd] rephosdimenteank ch@ lsihoor tsdmad, t aneeumgrestand frigel d from

In the first to fourth embodiments, the magnetic
field generator 9 or 9' employs a magnetic field modulation
method. However, the present invention is not limited to
this, and may adopt another method, eg, a light modulation

10 method, that is, where the light beam, rather than the
magnetic field, is modulated.

| According to a magneto-optical pickup apparatus of

the present invention, since a plate on which a coil pattern
for generating a magnetic field is formed and which has

‘15 light transmission characteristics is arranged near a laser
beam focusing means, a distance between the coil pattern and
the magneto-optical recording medium can be shortened. A
simple arrangement wherein an optical system and a magnetic
system are arranged on the same surface side of the magneto-

20 optical recording medium can be realised. 1In addition,
since a sufficient mounting space can be assured above each
surface of the magneto-optical recording medium, a degree of
freedom in design for the apparatus can be increased.

According to a magneto-optical recording/

25 reproducing apparatus of the present invention, magneto-
optical pickup apparatuses each comprising an optical system
and a magnetic system can be arranged on two surface sides
of a double-sided magneto-optical recording medium, so that
recording and reproduction of an information signal on two

30 surfaces of the double-sided magneto-optical recording
medium can be performed at the same time or from one surface
to the other surface. Thus, a large number of information
signals can be recorded/reproduced, and recording/
reproducing can be performed at higher speed.
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fittern can be applied to the nagneto-opti cal
6 Si ti on cl oser to the nedium which alleviates the probl em noted abaqv
e g ar
Fhe |
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1. A magneto-optical pickup apparatus characterised
by comprising:

CLAIMS

laser beam focusing means (2, 2') for focusing &
laser beam emitted from laser beam emission means (1, 1')
onto a magneto-optical recording medium (10, 30); and ‘

magnetic field generating means (9, 9'), arranged
adjacent to said laser beam focusing means (2, 2'), for
generating a magnetic field to be applied to said magneto-
optical recording medium (10, 30), wherein said magnetic
field generating means (9, 9') comprises a plate (8, 8', 40)
through which the laser beam can pass, and a coil pattern
(7, 7'), formed on said plate (8, 8', 40) for generating the
magnetic field.

2. A magneto-optical pickup apparatus according to
claim 1, characterised in that said plate (8, 8') comprises
light-transmissive optical glass plate.

3. A magneto-optical pickup apparatus according to
claim 2 characterised in that the laser beam is focused by
said laser beam focusing means (2, 2') substantially on a
centre of the magnetic field generated by said coil pattern

(7, 7).

4. A magneto-optical pickup apparatus according to
claim 3 characterised in that said coil pattern (7, 7') is
formed on a surface (8a, 8a') of said plate (8, 8'), said
surface (Ba, 8a') is opposed to said magneto-optical
recording medium (10, 30). “

5. A magneto-optical pickup apparatus according to
any one of claims 1 to 3 characterised in that said plate
(40) comprising a non-~light transmission material has an

recordi ng medi um from

1,



»qQIinitative exanple with reference to the acconpanying draw ngs, in

Vem.on il o ckop sppar ot e At a3 S
tional ’!M”HJH glﬁi\" tructure of a con M ﬂre si ded

jnet o- optlcal recordlng medi um sectional view

bwi ng an arrangement of a magnet o-dgti cal plckup apparatus accordlng to
p enbodi nent 1 of the present, i nvention,; ?ure is a front

bw ofPREN i i (&8c )y itheoual wiu sk tihe Ruidle et Fas i S HPIRE used i n
e gresno c:amlpaais firc ki lappavaaidl osdroimg | U d¢ pwseeirdy formed at &igure 5

a segt W show ng an _ar.range f mag o-optical pickup
bar at usﬁsg"cnacor lﬁa’ centr portion %fmsalcg) pfate Pf&)
5 6. A magneto-optical pickup apparatus according to

claim 5 characterised in that the laser beam is focused by

said laser beam focusing means (2) substantially on a centre

of the magnetic field generated by said coil pattern (7).

10 7. A magneto-optical pickup apparatus according to
claim 6 characterised in that said coil pattern (7) is
formed on a surface (40a) of said plate (40), said surface
(40a) is opposed to said magneto-optical recording medium
(10, 30).

;15
8. A magneto-optical pickup apparatus according to
claim 7 characterised in that at least a surface portion of
said plate (40), which is opposed to said magneto-optical

recording medium (10, 30), comprises a soft magnetic
20 material.

9. A magneto-optical pickup apparatus according to

any one of claims 5 to 8 characterised in that said plate

(40) is arranged between said laser beam focusing means (2)
25 and said magneto-optical recording medium (10, 30).

10. A magneto-optical pickup apparatus according to

any one of claims 1 to 9 characterised in that said plate

(8, 8') is arranged between said laser beam focusing means
30 (2, 2') and said magneto-optical recording medium (10, 30).

11. A magnetoﬁbptical recording/reproducing apparatus
for recording/reproducing a magneto-optical recording medium
(10), which is constituted by stacked recording layers (12)
and transparent protection plates (18) on two surfaces of a




e _:second enbodi nent of the present invention; Figure 6 is a

s ona arrangenent of a magnet o- optlcal pi ckup appar at us
achbr di ngj'l'mmm:l'mfmﬂ’”‘m '”Eﬂt of the preséfipienk lacgdhd

Fijlire 7 is & sécttonal ~iew showing an arra i gnet o- opti ca

pi Kup apparatus according to a fourth enbod resent I nventi on.
Engodi nents of the present inventionll|| be descrlbed below with reference
tofigures 3 to 7. Figure 3 is a sectional view of a

nagnet SUSFtirade fildkuphappatarisesdc dar dingduddniche ammditesopticefl t he

enbilchunipParatus comprlgaggnagneto optical pickup apparatus shown in
re 3 conprises a picku as "an opti cal systen1|nclud|ng a | aser device

1, §an objective Iéﬁ?ereémcgpFuﬁéE‘H meang dénd i d@P% fosdFdingg acoi | 3a and
a tJr ackiangrc @elam3kmateed from laser beam emission means (1, 1')

5 onto a magneto-optical recording medium (10); and

-0

magnetic field generating means (9, 9'), arranged
adjacent to said laser beam focusing means (2, 2'), for
generating a magnetic field to be applied to said magneto-
optical recording medium (10), wherein said magnetic field
10 generating means (9, 9') comprises a plate (8, 8', 40)
| through which the laser beam can pass, and a coil pattern

(7, 7'), formed on said plate (8, 8'8, 40), for generating
the magnetic field.

15 12, A magneto-optical recording/reproducing apparatus
according to claim 11, characterised in that said magneto-
optical pickup apparatuses are arranged so as, in use, to be
on two surface sides of said magneto-optical recording
medium (10).

20
13. A magneto-optical recording/reproducing apparatus
according to claim 12, characterised in that said magneto-
optical pickup apparatuses arranged on the two surface sides
of said magneto-optical recording medium (10) are

25 constituted so as to be simultaneously operated to
simultaneously perform recording/reproduction on the two
surfaces of said magneto-optical recording medium (10).

14, A magneto-optical recording/reproducing apparatus
30 for recording/reproducing a magneto-optical recording medium
(30), which is constituted by stacked high-permeability
layers (32), recording layers (34) and transparent
protection plates (36) on two surfaces of a substrate (31),
characterised by including a magneto-optical pickup
apparatus comprising:
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25
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laser beam focusing means (9, 9') for focusing a

and a magnet 5 arranﬁed around the coil bobbin 4, and a nmagnetic

laser beam emitted from laser beam emission means (1, 1')
onto a magneto-optical recording medium (30); and

magnetic field generating means (9, 9'), arranged
adjacent to said laser beam focusing means (2, 2'), for
generating a magnetic field to be applied to said magneto-
optical recording medium (30), wherein said magnetic field
generating means (9, 9') comprises a plate (8, 8', 40)
through which the laser beam can pass, and a coil pattern
(7, 7'), formed on said plate (8, 8', 40), for generating
the magnetic field.

15. A magneto-optical recording/reproducing apparatus
according to claim 14, characterised in that said magneto-
optical pickup apparatuses are arranged on two surface sides
of said magneto-optical recording medium (30).

16. A magneto-optical recording/reproducing apparatus
according to claim 15, characterised in that said magneto-
optical pick apparatuses arranged on the two surface sides
of said magneto-optical recording medium (30) are
constituted so as to be simultaneously operated to
simultaneously perform recording/reproduction on the two
surfaces of said magneto-optical recording medium (30).



pi @kup 6 in a direction f in figure 3 and the tracking coil 3b for drivpfg 3\
thq pickup 6 in a directiont in figure 3 are arranged around the bobbinéﬁ.]
‘A §ens support nenber 2a is arranged at a position close to an end por

4a fof the coil bobbin 4. The nenber 2a supports the objecti lens 2 fo
focusing a |l aser beamemtted fromthe | aser device 1. The
maginetic field generator 9 is constitut®d as follows. That is, as shown-in
figure 4, a conductor 7a through which a current of a_high-frequency signal
is caused to flow M%QPE%WKQP fARRARATYSt ANPed” as a spiral coil
pattern 7, onMAGNETRQPIETATA HEDERD ING fREFRODUCTINGUR@PRRATIUSAN opt i cal
glass 8 of, eg, siTica glass having Trght transm sSion characteristics. The
end portion 4a of the coil bobbin 4 is adhered and fixed to a surface 8b
(an upper surface on which no coiABRRAGENn 7 is formed in figure 3) of the
optigal glass 8 so that the centre of the coil pattern 7

A magneto-optical pickup apparatus includes an
objective lens for focusing a laser beam emitted from a
laser device onto a magneto-optical recording medium,
driving coils, on which the objective lens is mounted, for
10 driving the objective lens in focusing and tracking
directions, and a plate arranged at an end portion of the
driving coils between the objective lens and the magneto-
optical recording medium. The plate is formed with a coil
pattern for generating a magnetic field to be applied to the
15 magneto-optical recording medium, and can allow a laser beam
transmitted through the objective lens to pass therethrough.
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aligned to coincide with the centre of the objective lens 2. Thus,

Iaserﬂgg%gkg eng Bc sed on the centre of the generated magnetic
| d, cen in assenbly of the pickup can be omtted.
optica ot limted to silica glass as long as it has
quate Ii ion characteristics. The cgif pattern 7 may

rise, a prlnted coil, athin | mcoil and the |ike. A

st double si ded magnet o- optical r rdi ng medi um 10 shown in figure 3 is
cribed in the specification and drawi ngs of Japanese patent application
er 14256/ 1989 previously filed by the present applicant in Japan. In

s nmedium recording sections 16, photo- curing resin |layers 17 and
qnsparent protection plates 18 are respectively arranged on two surfaces
of §a common substrate 11

FIG.]
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f each recording section 16, a reflecting |ayer
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a first dlelectrlc | ayer 13 are stacked fromthe substrate 11 side.

nce the doubleggﬁ %d magnet o- opti cal recording nmedium 10 has the common
_bstrate s D | ckness can be nearly half that of a doubl e-sided
'gne%@g di ng nmedi um 50 forned by adhering two substrates.

\ t he cal pi ckup Eg Z;atus wi th the above arrangenent, when a
cusin current IS supp z to the focusing coil 3a, the coil bobbin
and the magnetic field generator 9 arranged in the coil bobbin 4 are
ifted in a focusing direction as an optical axis direction of the

bj ective lens 2 indicated by an arrow f in figure 3. Wen a tracking drive
urrent is supplied to the tracking coil 3b, the coil bobbin 4 and the
gnetic field generator 9 are shifted in a tracking direction as a

i rection perpendicular to the optical axis of the objective lens 2, as
Fndi cat ed by

FIG.3
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n arrow t
urrent signal

0 the a@jskrdaik @k

in figure 3.
obt ai ned by anplifying a signal
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At the same t

rmed of the conductor

I me, a high-frequency
to be recorded is supplied
7a, of the magnetic field

enerato

nerating a

ever se-
nd is a
gnhet o- opti cal

U

I gh speed
ecordi ng magnetic |ayer

ﬂqégetic field. The magnetic field is
response to the signal to be recorded,

12 of the doubl e- sided

recordi ng medi um 10. A |l aser beamenitted fromthe | aser

evice 1 is focused on a region of

rdi

magnetic | ayer

12, where

£l 5

ghe magnetic field is applied, thr

o]

ive lens 2 and the optical

@l ass 8 to i ncrease the | ocal
2 beyond its Curie tenperature,
can be seen fromthe above des

3a
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tenperature of the recordi ng nagnetic | ayer

t hus recording an information signal.
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1n&gneto-optical pi ckup apparatus of this enbodi nent, the optical system
fthe pickup 6 conprising the | aser device 1, the objective lens 2 and the

e, and th%kgggg%§&§m§ysten1as the magnetic field generator constituted

T T T

FIG.6
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¥ the coil pattern 7 on the optical glass 8 are arranged on the sane
+ t he doubl e-si ded magneto- optical recording nmedium 10, so that the
;e between the_ cqidd pattern and the nagneto-optical recording nmedi um

‘be short o R exanple, as,wy) | be described in the second and

\W&W@ ng and rep%ction on the doubl e-si ded

- 0 Wﬂ\ | medi um by the magnetic field nodul ati on net hod,
re 5\“ lcult to achieve by the conventional nethod, can be

ed. The coil bobbin 4 of the pickup 6 and the magnetic

generator 9 are fixed by, eg, bonding, so that the centre of the

ive lens 2 can be easily aligned with the centre of the magnetic

of the magnetic field generator 9. In addition, since the pickup 6
e magnetic field generator 9 can be noved in tandem w th each other

B focusing servo, the strength of the/réisetaé’




field to be applied to the doubl e-si ded nmagnet o- opti cal regg?ﬁ?ﬁg medi um "’
can be kept constant. Therefore, the driving systemfor the nmagnetic
systemwhich is required in the conventional apparatus can be omitted.
Since the magnet o-optical pickup apparatus has reduced space requirenents,

the degree of freedomin design of the apparatus can be increased.
Note that reproduction for the doubl e-si dedgomagneto-optical recording

medi um 10 can be realiseduhwnyﬁiegT he | aser device 1 and a |ight detection
means (not shown) whiManERST gs—friﬁﬁ&4££95§ﬂ_£§gmnnsmﬁidnber (not shown)
arranged between the Ta &Rl IR ING/Rﬂﬁﬂaﬁbéﬁﬁbld%@iggT A
second enbodi nent of the invention is shown in frgure 5, ch a second
magnet o- opti cal pickup apparatus ABSTRACT

R iy

plate arranged at an end portion of the
he objective lens and the magneto-
The plate is formed With a coi}

driving €oils between t
optical Tecording medium
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. o2
10 is arranged bel ow the doubl e-si ded magnet o-optical recordi g di um 10

of figu enbodi ment conprises. first. and second
magnet o H 'IH !ﬂ" H Eﬂ paratus to the Upper”a“d'""‘(pwer %ltﬂeq of the disc.
In this case, and second magnet o- optlcak PAGHUP apqaratus

16 3

di sposed to opposite sides of the nedi
CLAIMS:

1. A magneto-optical pickup apparatus for recording

or reproducing data on a magneto-optical recording medium,
for use with a laser beam emission means, comprising:

laser beam focusing means for focusing a laser beam
emitted from the laser beam emission means onto the
magneto-optical recording medium; and

magnetic field generating means, arranged adjacent to
the laser beam focusing means, for generating a magnetic
field to be applied to the magneto-optical recording medium,
including a plate made of a material having light
transmission characteristics through which the laser beam
can pass, and a flat coil pattern, formed on one surface of
the plate, for generating the magnetic field.

2. A magneto-optical pickup apparatus according to
claim 1, wherein the laser beam is focused by the laser beam
focusing means substantially on the center of the magnetic
field generated by the coil pattern.

3. A magneto-optical pickup apparatus according to
claim 2, wherein the coil pattern is formed on the surface
of the plate which is closest to said magneto-optical
recording medium. '

4. A magnetic-optical pickup apparatus according to
claim 1, wherein the plate is arranged between the laser
beam focusing means and the magneto-optical recording
medium.

5. A magneto-optical pickup apparatus according to
claim 1, wherein the laser beam is focused by the laser beam
focusing means substantially on the center of the magnetic
field generated by the coil pattern.

6. A magneto-optical pickup apparatus according to
claim 1, wherein the plate is arranged between the laser

beam focusing means.. and. . the _..magneto-optical recording

medium.

i |REPLACEMENT SHEET
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may each be consti t iﬁmnled in the . first.-epbodinent, Nunerals and
suffixed letter gﬁ‘ ﬂ‘“ el ements 1'ifitio 95k loH At bt s‘fe‘cond
magnet o- opti cal L apparsat 0s shown in flgure B‘QOfmesponh to those
denoted by reference nunerals 1 to 91%n fi gures—8Sarmt~47"and a detail ed
description thereof will be omtted. The flrst and second

magnet o-0pt i cal plagasteamriritak arecopdiagddeprodieivgme appatatyus that in

the enbodiospsity EBeciéiﬁtlanﬂhéPéﬂﬂdtﬁé é%hé%$@6ﬁéﬂéaﬁrPeé&f&bﬁ@nous|y
driven in the djfections and t, respective ccordlng to the

second éﬁ%@ﬁ?ﬁehﬁs §Fﬁ8F?&H€b&§ﬁ@%ﬁ%%ﬂqﬁ]Eﬁﬂi93&9%&&&t$%ﬁf%$e?h%n

doubl e- stwed mﬁgne*.:aidoptmagﬁetrce@pﬁﬁm meﬂium;pan am;a&@tfuyermd aré&or
exanpl e.

o' and o “hr hasdamapoBRe L B Rene B0 i PaubS-TBLRERL sl ngner a ore

medium.

8. A magneto-optical recording/reproducing apparatus
according to claim 7, wherein the two magneto-optical pickup
apparatuses arranged on opposite sides of the
magneto-optical recording medium are simultaneously operated
to simultaneously perform recording/reproduction on the two

recording surfaces of the magneto-optical recording medium.

9. A magneto-optical pickup apparatus for recording or
reproducing data on a magneto-optical recording medium, for
use with a laser beam emission wmeans, comprising:

laser beam focusing means for focusing a laser beam
emitted form the laser beam emission mwmeans onto the
magneto-optical recording medium; and

magnetic field generating means, arranged adjacent to
the laser beam focusing means, for generating a magnetic
field to be applied to the magneto-optical recording medium,
including a plate of a light-transmitting material through
which the laser beam can pass, and a coil pattern, formed on
the plate, for generating the magnetic field.

10. A magneto-optical pickup apparatus according to
claim 9, wherein the light-transmitting material of the
plate is optical glass.

11. A magneto-optical pickup apparatus according to
claim 9, wherein the laser beam is focused by laser beam
focusing means substantially on the center of the magnetic
field generated by the coil pattern.

12. A magneto-optical pickup apparatus according to

claim 10, wherein the coil pattern is formed on qhemsurﬁacew__
REPLACEREN
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recording on the “‘ummurfaces of the double sided

magnet o- opti cal rgﬂﬁm“\w 0 can be performed.~Wien the |aser
devices 1 and 1' anre @sed at t%he ‘same tine, .si' n‘ultrané us’ r*eﬂr bducti on can
be performed. Thus, the capacity of theg medilum cafibe' wrﬁcreas d, and
recordi ng and reproductl on of an informtion signal can be Feal i sed at

hi gher spfedthe plate whighdiis owlosesdr ding #ridemasnalid ¥IPticyler f or ned
on one surdAcLy Phgtheaferbl e- si ded magneto-optical recording nedium 10, and
then, recordin or reproduction ¢can_be performed on the other surface.

Thus, recordi rg3andAr BREBEGOr PR 16 La Wéﬁ%&ﬁt?PPW%Eu?héFCSFd&nﬁ e e- si ded
magnet o- agfaddl 1) ewloedeng tRdi doiRrgaetéoneils a printed coil.

14. A magneto-optical pickup apparatus according to
claim 1, wherein the coil pattern is a thin film coil.
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In the above nentioned case, when recording is perfornmed on-one surface,
the two nagnetic field generators 9 and 9' can be used at the sane tine,
while the magnetic field generator 9 or 9" arranged.gfi:The ofrer—syrface
side is generating a magnetic field. Therefore, %iHé@‘ﬂhe'ﬁﬁ'hgﬁﬁéifields
.can be applied fromtwo  -surface sides to one magrietic ﬁé%@ﬁ&ﬂng | ayer 12,
recordi ng can be perforned at a )

18

MAGNETO-OPTICAL PICKUP APPARATUS AND
MAGNETO-OPTICAL RECORDING/REPRODUCING APPARATUS

ABSTRACT

A magneto-optical pickup apparatus includes an
objective lens for focusing a laser beam emitted from a
laser device onto a magneto-optical recording medium,
driving coils, on which the objective lens is mounted, for
driving the objective lens in focusing and tracking
directions, and a plate arranged at an end portion of the
driving coils between the objective lens and the magneto-
optical recording medium. The plate is formed with a coil
pattern for generating a magnetic field to be applied to the
magneto-optical recording medium, and can allow a laser beam
transmitted through the objective lens to pass therethrough.

FiG, 3
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hi gher tagnetic field strength. Wien recording is perifern®d on
one surface, recording can be perfornmed using the nmagnetic field generator
arranged on the other surface side. A third enbodi ment will be
descri bed below. As shown in figure 6, this enbodi nent enpl oys the sane
magnet o- optical pickup apparatuses as in ¥igure 5, and can use a second
form of doubl e-si ded ggneto optical recordlna nedlun130 to perform
recordi ng and reproduct PTICAL F3{X U8 A e- si ded
magnet o- opt i cal rMEGNETDgOHEﬂCAEnREC¢REENE¥RERRGHMEQN$IHPHNﬂ&T$ﬁEC|f|catlon
and drawi ngs of Japanese patent application nunber 274734/ 1989 by one of
the present inventors and others. In this nmedium high-perneability |ayer
32, photo-curing resifh¢apeesed, imeemstan opliadals teceor diaggatayor: ig4l

adhesi ve | ayeeRugSapBifat i &NBHAT ko AP O Y Ha8S 036 s@iRial on

and/or reproducing such a signal from a magneto-optical

recording medium by utilising a magneto-optical effect such
as a magnetic Kerr effect or a Faraday effect and to a
magneto-optical recording and/or reproducing apparatus using
such pickup apparatus same.

Recently, in both light and magnetic field methods
of modulation are known in the recording of a signal onto a
magneto-optical recording medium. The magnetic field
modulation method has the advantage that it can achieve an
overwrite operation.

Figure 1 of the accompanying drawings shows a
conventional magneto-optical pickup apparatus using the
magnetic field modulation method.

When a single-sided magneto-optical recording
medium 50 is loaded, an optical system including a laser
device 58, an objective lens 59 and the like is arranged
over the upper surface side of the single-sided magneto-
optical recording medium 50, and a magnetic field generator
60 is arranged under the lower surface of the recording
medium 50.

A driving system (not shown) is arranged to drive
the optical system in focusing and tracking directions with
respect to the magneto-optical recording medium 50. Another
driving system (also not shown) is arranged to drive the
magnetic system in a direction of the arrows in figure 1 and
the tracking direction.

The magnetic field modulation method requires
reversal of the magnetic field to be carried out at high
speed and the inductance of the field coil makes a
sufficient excitation current difficult Eo obtain, with the
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sequent-ially stacked on the two surfaces of a comon substrate 31,
respectively. Each high-perneability layer 32 is fornmed of a materi al
havi ng a hi gh magnetic perneability, such as a transition netal (eg, Fe,
Co, N or the like), a pernmalloy as their alloy, sendust or an anorphous
magnetic alloy. The layer 32 can inprove ajperpendicular magnetic field
efficiency in a direction perpendicular to the surface of the doubl e-sided

magnet o- opt i caly 1ecepsit nghé”é(fgr%@a%%d magnetic flitlldeddidgtienhodi nent,
since the second doubl e- sjded nmagnet o-Optical recordin qﬁdlu 30
conpri ses thblfh’r‘b?fgper%a%ﬁ#%ty tiAfe e e Ctyn gkt i“@gfqe&lg‘s magnet i ¢
field generajerier&tande® hdorio regrat icl odeosed dreapsicatsle to the

recording magnetic layer 53 (to be described later) of the
single-sided magneto-optical recording medium 50.

The single-sided magneto-optical recording medium
50 is constituted by a sequentially stack of a dielectric
layer 52, the recording magnetic layer 53 formed of, eg, a
rare earth-transition metal alloy amorphous thin film, and
having a large magneto-optical effect, a dielectric layer
54, a reflecting layer 55 and a protection cover 56, on one
surface of a transparent substrate 51 formed of, eg,
polycarbonate. 1In this case, the thickness of the
transparent substrate 51 is uniform, eg, 1.2 mm.

The single-sided magneto-optical recording medium
50 is placed on a rotary disc (not shown), and a magnetic
field is applied by energisation of the magnetic field
generator 60 to the recording magnetic layer 53 of the
recording medium 50. The magnetic field to be applied is
reverse-controlled at high speed, and a laser beam emitted
from the laser device 58 is focused on the are of the
recording magnetic layer 53 which is subject to the magnetic
field, so that a region of the recording magnetic layer 53
where the laser beam is focused can be magnetised, so that
an information signal can be overwritten in real time.

Along with an increase in information storage
capacity in recent years, a double-sided magneto-optical
recording medium which can record information signals on
both surfaces of the disc has been developéd.

A conventional double-sided magneto-optical
recording medium 70 as shown in figure 2 is constituted by
bonding a magneto-optical recording medium A obtained by
sequentially stacking a transparent“Substrate 71a, a
dielectric layer 72a, a recording magnetic layer 73a, a
dielectric layer 74a and a reflecting layer 75a, and a
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12- indicated by broken lines in figure 6. Therefore, magnetic fl uxes
applied to the doubl e-si ded nagnet o-optical recording nmedium 30 can be
effectively focused in a recordi ng node, so that the perpendicul ar nagnetic
field efficiency of the nedium 30 is inproved. In the third
enbodi nent, since recording or reproduction can be simultaneously executed
on the two surfaces of the doubl e-sided negneto-optical recordi ng nmedi um
or after recording or reproduction is performed on

magneto-optical recording medium B obtained by sequentially

stacking a transparent substrate 71b, a dielectric layer
72b, a recording magnetic layer 73b, a dielectric layer 74b
and a reflecting layer 75b by means of an adhesive 76. In
this double~sided magneto-optical recording medium 70, the
thickness of the transparent substrates 7l1la and 71b has to
be several mm to assure sufficient mechanical strength.
Since the recording medium 70 is constituted by stacking the
transparent substrates 7l1la and 71b, the recording magnetic
layer 73a and 73b and the like, the medium 70 is
significantly thicker then the single-sided magneto-optical
recording medium SO.

Attempting to use the conventional magneto-optical
pickup apparatus of the magnetic field modulation type shown
in figure 1 uses the double-sided magneto-optical recording
medium 70 poses the following problem. Since the optical
system is arranged above the upper surface of the double-
sided magneto-optical recording medium 70 and the magnetic
system is arranged below it, during recording onto the upper
magneto-optical recording medium A while the laser beam can
be focused on the recording magnetic layer 73a from the
upper surface side, but a magnetic field of sufficient
intensity cannot be applied from the magnetic field
generator 60 below the disc because of the thickness of the
disc. In the magnetic field modulation type magnetic field
generator, a high-frequency current responding to a high-
frequency data signal must be caused to flow through its
electromagnetic coil, but the inductance of the coil opposes
this so that the generated magnetic field is limited. 1In
addition, the distance between the magnetic field generator
60 and the recording magnetic layer 73a is large. For this
reason, it is very difficult to achieve double-sided
magneto-optical recording of a magnetic field modulation
method by the conventional technique.

It is an object of the present inven
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one surface, recording or reproduction can then be perfornmed on the other
surface. In the magnetic field generator 9 or 9° in each of the
enbodi ments 1 to 3 of the magneto-optical pickup apparatus, the coi
pattern 7 or 7' is formed on the optical glass 8 or 8 as a plate having
light transm ssion characteristics. Alternajively, in order to prevent
reflection, a plate in which a hole for allowng a | aser beamto pass

t her et hr ough I%Vfleénsdmagn@w-vég@léagFﬁlém@ﬁ%ﬁﬁ@t{wh%@féﬁréaﬁiI cs may be
used. In the above ree netic field

Corarator o iperEORBL FEGPENLES o TR LA e 1o TGO 4 n 7 the
conduct or 7a Aeldb@dghgwhiedbum with ents ofip ke hagrarigaqmmpyamd grralwnscmatns@d

L nior o, SuLERELESE, SRS, NP UAIRLNE SL{ARSAR ol divfpia ey o cos
the same side of the medium.

According to a first aspect of the invention,
there is provided a magneto-optical pickup apparatus
characterised by comprising:

laser beam focusing means for focusing a laser
beam emitted from laser beam emission means onto a magneto-
optical recording medium; and

magnetic field generating means, arranged adjacent
to said laser beam focusing means, for generating a magnetic
field to be applied to said magneto-optical recording
medium, wherein said magnetic field generating means
comprises a plate through which the laser beam can pass, and
a coil pattern, formed on said plate for generating the
magnetic field.

A second aspect of the invention provides a
magneto-optical recording/reproducing apparatus for
recording/reproducing a magneto-optical recording medium,
which is constituted by stacked recording layers and
transparent protection plates on two surfaces of a substrate
characterised by including a magneto-optical pickup
apparatus comprising:

laser beam focusing means for focusing a laser
beam emitted from laser beam emission means onto a magneto-
optical recording medium; and

magnetic field generating means, arranged adjacent
to said laser beam focusing means, for generating a magnetic
field to be applied to said magneto-optical recording
medium, wherein said magnetic field generating means
comprises a plate through which the laser beam can pass, and
a coil pattern, formed on said plate, for generating the

magnetic field.
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However, the plate on which the coil pattern 7 is fornmed need not al ways be
an optical glass but may conprise a non- |light transm ssive material, eg, a
netal plate, as will be described in the fourth enbodi nent described bel ow
with reference to figure 7. The same reference nunerals in this enbodi nent
denote the same parts as in the embodinments 1 to 3, and a detailed
description thereof will be omtted. A magnetic field generator 9

of the enbodi ment 4 i sty talétg%étb}bff QIHB ryg.,vquthmsth@‘}lggg |l pattern 7,

a conduct or 7a feotro enten.rcéfatlI nr%cord1%”e}repro‘:iucdm.u Oanppraercaete.;[sI qfrcljr
recording/reproducing a magneto-optical recording medium,
which is constituted by stacked high-permeability layers,
recording layers and transparent protection plates on two
surfaces of a substrate, characterised by including a
magneto-optical pickup apparatus comprising:

laser beam focusing means for focusing a laser
beam emitted from laser beam emission means onto a magneto-
optical recording medium; and

magnetic field generating means, arranged adjacent
to said laser beam focusing means, for generating a magnetic
field to be applied to said magneto-optical recording
medium, wherein said magnetic field generating means
comprises a plate through which the laser beam can pass, and
a coil pattern, formed on said plate, for generating the
magnetic field.

It will be apparent that because the magnetic and
optical system do not have to be located below and above the
disc, the invention allows individual pickups to be provided
for the two recording layers of a double sided disc.

In the magneto-optical pickup apparatus described
above, a magnetic field to be applied to a magneto-optical
recording medium is generated from a plate on which a coil
pattern is formed, and this plate can allow light to pass
therethrough. Thus, the plate can be arranged adjacent to
the laser beam focusing means, and the optical system and
the magnetic system can be arranged to the same side of the
magneto-optical recording medium. Since the distance
between the coil pattern and the magneto-optical recording
medium can be shortened, the magnetic field from the coil
pattern can be applied to the magneto-optical recording
medium from a position closer to the medium, which
alleviates the problem noted above regarding the coil drive
current.
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13" of '‘a high-frequency signal on a surface 40a of a planar nmenber 40 which
I's obtained by formng a soft nagnetic material such as ferrite into a

pl anar shape. In addition, an opening 40c having a dianmeter |arge enough to
allow the ray bundle of the | aser beam focused by an objective lens 2 to
pass therethrough is formed at the central _portion of the planar nenber 40.
An end portion 4a of a coil bobbin 4 is adRered and fixed to a surface 40b

(pireh s o ol PRALE! LofloPloblisiPh2NE! TEEREE d0soriblatph Raget e o
non-limitative example with reference to the accompanying
drawings, in which:-

Figure 1 is a sectional view showing an
arrangement of a conventional magneto-optical pickup
apparatus;

Figure 2 is a sectional view showing a structure
of a conventional double-sided magneto-optical recording
medium;

Figure 3 is a sectional view showing an
arrangement of a magneto-optical pickup apparatus according
to the embodiment 1 of the present invention;

Figure 4 is a front view of an optical glass
formed with a coil pattern, which can be used in the
magneto-optical pickup apparatus shown in figure 3;

Figure 5 is a sectional view showing an
arrangement of a magneto-optical pickup apparatus according
to a second embediment of the present invention;

Figure 6 is a sectional view showing an
arrangement of a magneto-optical pickup apparatus according
to a third embodiment of the present invention; and

Figure 7 is a sectional view showing an
arrangement of a magnheto-optical pickup apparatus according
to a fourth embodiment of the present invention.

Embodiments of the present invention will be
described below with reference to figures 3 to 7.

Figure 3 is a sectional view of a magneto-optical
pickup apparatus according to the embodiment 1 of the
present invention.

The magneto-optical pickup apparatus shown in
figure 3 comprises a pickup 6 as an optical system including
a laser device 1, an objective lens 2, a coil bobbin 4
around which a focusing coil 3a and a tracking coil 3b are
wound and a magnet 5 arranged around the coil bobbin 4, and

a magnetic field generator 9 as a magnetic system.




objective lens 2 and to coincide with the centre of the opening 40c of the
pl anar nenber 40. Since the opening 40c is forned at the central portion of
t he planar nmenber 40, a |laser beamentted froma | aser device 1 can be
focused on the centre of a magnetic field generated by the coil pattern 7.
The pl anar nenber 40 nmay be entirely forned of a soft magnetic materi al
such as ferrite. Alternatlvely a base plat formed of a non-nmagnetic

material nmay be preparg gﬁab%ase p agg %hgég‘%{ rﬁgéc naterlal such

as ferrite may_be forne ring or’ cF bs tion.
Accor di ng t o°YhEnerbeal nﬁh@Pﬁ; an@cehe hEoews nﬁ‘)aﬁqlelr & fgr t%@mggmetme

field generapgék&pls {81 aedi pact hen PE anar £ 1gaber3 4hd Q:rl'{@q:fgc]@lr?g
d %etmeen

magneti c nmat ch as ferrlte a cl osed ghetic path is_ for
t he recordi ng ng‘aFu 1King heh ‘?ra@h%’t“ﬂ% ‘Flb’i‘daggh‘é? adtifiigure 3 are

arranged around the bobbin 4. A lens support member 2a is
arranged at a position close to an end portion 4a of the
coil bobbin 4. The member 2a supports the objective lens 2
for focusing a laser beam emitted from the laser device 1.

The magnetic field generator 9 is constituted as
follows. That is, as shown in figure 4, a conductor 7a
through which a current of a high-frequency signal is caused
to flow to generate a magnetic field is formed, as a spiral
coil pattern 7, on a surface 8a (a lower surface in figure
3) of an optical glass 8 of, eg, silica glass having light
transmission characteristics. The end portion 4a of the
coil bobbin 4 is adhered and fixed to a surface 8b (an upper
surface on which no coil pattern 7 is formed in figure 3) of
the optical glass 8 so that the centre of the coil pattern 7
is aligned to coincide with the centre of the objective lens
2. Thus, since the laser beam can be focused on the centre
of the generated magnetic field, centring adjustment in
assembly of the pickup can be omitted.

The optical glass 8 is not limited to silica glass
as long as it has adequate light transmission
characteristics. The coil pattern 7 may comprise, eg, a
printed coil, a thin film coil and the 1like.

A first double-sided magneto-optical recording
medium 10 shown in figure 3 is described in the
specification and drawings of Japanese patent apriication
number 14256/1989 previously filed by the present applicant
in Japan. In this medium, recording sections 16, photo-
curing resin layers 17 and transparent protectior plates 18
are respectively arranged on two surfaces of a cimmon
substrate 11.

In each recording section 16, a reflecting layer
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the case wherein the high-perneability menber is arranged like in the
enbodi nent 3. Therefore, since nmagnetic fluxes generated at the side of the
objective lens 2 of the pickup can be efficiently guided toward the
recordi ng medium the efficiency of the magnetic field generator 90 can be
I mproved. The fourth enbodi nent di scl oses an arrangenent wherein
the pickup apparatus is arranged on one sufface side of the doubl e-sided

magnet o-opt i cal, recordi ng nedium i ke as
9 P lg is arranged to be closer to the substrate 11 than a

recording magnetic layer 12. The reflecting layer 15, a
second dielectric layer 14, the recording magnetic layer 12,
and a first dielectric layer 13 are stacked from the
substrate 11 side.

Since the double-sided magneto-optical recording
medium 10 has the common substrate 11, its thickness can be
nearly half that of a double-sided magneto-optical recording
medium 50 formed by adhering two substrates.

In the magneto-optical pickup apparatus with the
above arrangement, when a focusing drive current is supplied
to the focusing coil 3a, the coil bobbin 4 and the magnetic
field generator 9 arranged in the coil bobbin 4 are shifted
in a focusing direction as an optical axis direction of the
objective lens 2 indicated by an arrow f in figure 3. When
a tracking drive current is supplied to the tracking coil
3b, the coil bobbin 4 and the magnetic field generator 9 are
shifted in a tracking direction as a direction perpendicular
to the optical axis of the objective lens 2, as indicated by
an arrow t in figure 3.

At the same time, a high-frequency current signal
obtained by amplifying a signal to be recorded is supplied
to the coil pattern 7, formed of the conductor 7a, of the
magnetic field generator 9, thereby generating a magnetic
field. The magnetic field is reverse-controlled at high
speed in response to the signal to be recorded, and is
applied to the recording magnetic layer 12 of the double-
sided magneto-optical recording medium 10. A laser beam
emitted from the laser device 1 is focused on a region of
the recording magnetic layer 12, where the magnetic field is
applied, through the objective lens 2 and the optical glass
8 to increase the local temperature of the recording
magnetic layer 12 beyond its Curie temperature, thus
recording an information signal.

As can be seen from the above description, in a
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14 inthe first enbodinent. Alternatively, the pickup apparatuses may be
di sposed on two surface sides of the doubl e-si ded nagnet o-optical recording
medium |like in the second and third enbodinents to all ow sinultaneous
recording or reproduction on two surfaces, as a matter of course.

In the first to fourth enbodi nents, the magnetic field generator 9 or 9
enpl oys a magnetic field nodul ati on nethods However, the present invention
is not limted to this, and may adopt another nethod, eg, a |ight

nmodul ati on PRIMDOEC-ohbicad, pivkue apratatghd dbamhis athieedihent § hehemgnetic

field is Wﬂg@l@éfdsystem as the pickup 6 comprising the laser device
1, the objective lens 2 and the like, and the magnetic
system as the magnetic field generator constituted by
forming the coil pattern 7 on the optical glass 8 are
arranged on the same side of the double-sided magneto-
optical recording medium 10, so that the distance between
the coil pattern and the magneto-optical recording medium 10
can be shortened. For example, as will be described in the
second and third embodiments, recording and reproduction on
the double-sided magneto-optical recording medium by the
magnetic field modulation method, which are very difficult
to achieve by the conventional method, can be realised.

The coil bobbin 4 of the pickup 6 and the magnetic
field generator 9 are fixed by, eg, bonding, so that the
centre of the objective lens 2 can be easily aligned with
the centre of the magnetic field of the magnetic field
generator 9. In addition, since the pickup 6 and the
magnetic field generator 9 can be moved in tandem with each
other by the focusing servo, the strength of the magnetic
field to be applied to the double-sided magneto-optical
recording medium can be kept constant. Therefore, the
driving system for the magnetic system which is required in
the conventional apparatus can be omitted. Since the
magneto-optical pickup apparatus has reduced space
requirements, the degree of freedom in design of the
apparatus can be increased.

Note that reproduction for the double-sided
magneto-optical recording medium 10 can be redlised by using
the laser device 1 and a light detection means (ﬁot shown)
which includes a deflection beam splitter (not shown)
arranged between the laser device 1 and the objective
lens 2.

A second embodiment of the invention is shown in

figure 5, in which a second magneto-optic aratus

aL—pickup_ﬂQQ___~j
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According to a magneto-optical pickup apparatus of the present invention,
since a plate on which a coil pattern for generating a nagnetic field is
formed and which has |ight transm ssion characteristics is arranged near a
| aser beam focusi ng neans, a distance between the coil pattern and the
magnet o- opti cal recordi ng nmedi um can be a%ortened. A sinpl e arrangenent
wherein an optical systemand a magnetic system are arranged on the sane

surface side ofr AdsdiUGIr 0! bERb1LLCAMS GaBRlTGAL A 1edloidedg I

addition, since a I cient nmounting space can be assured abgve each
surface of MafetUdifetaf dpauesl 3recdh¥Sng thdd BRPCL 18EGte £OFPIRSEEdOm i n

desi gn for fihe Bpid ddforfPhal@etBcoprSedl pickup apprGediu@d 1Y thea
magnet o- opti cal_recprdi ng/ r.eproduci_n ppar atus of the present invention,
magnet o- optBREH ad}éc)l&i’d’%pﬁé%ﬁsuggs t@%c%lcscﬁ*rpri sing an optical systemand a
magneti c system can lm ariangedeon thwo fSnsfta@ndsisdeond magneto-opt ical
pickup apparatus disposed to opposite sides of the medium 10
may each be constituted as described in the first
embodiment. Numerals and suffixed letters of constitutifd
elements 1' to 9' of the second magneto-optical pickup
apparatus shown in figure 5 correspond to those denoted by
reference numerals 1 to 9 in figures 3 and 4, and a detailed
description thereof will be omitted.

The first and second magneto-optical pickup
apparatus are operated in the same manner as that in the
embodiment 1. The first and second pickup apparatus are
synchronously driven in the directions f and t,
respectively.

According to the second embodiment, simultanenis
recording and reproduction of the double-sided magneto-
optical recording medium can be performed. For example,
when the laser devices 1 and 1' and the magnetic field
generators 9 and 9' are used at the same time, simultanevX4S
recording on the upper and lower surfaces of the double
sided magneto-optical recording medium 10 can be perform5d'
When the laser devices 1 and 1' are used at the same time:
simultaneous reproduction can be performed. Thus, the
capacity of the medium can be increased, and recording and
reproduction of an information signal can be realised af
higher speed.

In addition, recording or reproduction is
performed on one surface of the double-sided magneto-optical
recording medium 10, and then, recording or reproduction ©anh
be performed on the other surface. Thus, recording and
reproduction of a capacity twice that of a single-sided
Magneto-optical recording medium are allowe

d.
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of a doubl e-si ded magnet o-optical recording nmedium so that recording and
reproduction of an information signal on two surfaces of the doubl e-sided
magnet o- opti cal recordi ng nmedium can be perforned at the same tine or from
one surface to the other surface. Thus, a |large nunber of information
signals can be recorded/ reproduced, and recording/ reproducing can be
performed at hi gher speed. 11

In the above mentioned case, when recording is
performed on one surface, the two magnetic field generators
9 and 9' can be used at the same time, while the magnetic
field generator 9 or 9' arranged on the other surface side
is generating a magnetic field. Therefore, since the
magnetic fields can be applied from two surface sides to one
magnetic recording layer 12, recording can be performed at a
higher magnetic field strength.

When recording is performed on one surface,
recording can be performed using the magnetic field
generator arranged on the other surface side.

A third embodiment will be described below. As
shown in figure 6, this embodiment employs the same magneto-
optical pickup apparatuses as in figure 5, and can use a
second form of double-sided magneto-optical recording medium
30 to perform recording and reproduction.

The second form double-sided magneto-optical
recording medium 30 has been proposed in the specification
and drawings of Japanese patent application number
274734/1989 by one of the present inventors and others. In
this medium, high-permeability layer 32, photo-curing resin
layers 33, magneto-optical récording layers 34, adhesive
layers 35, and transparent protection plates 36 are
sequentially stacked on the two surfaces of a common
substrate 31, respectively. Each high-permeability layer 32
is formed of a material having a high magnetic permeability,
such as a transition metal (eg, Fe, Co, Ni or the like), a
permalloy as their alloy, sendust or an amorphous magnetic
alloy. The layer 32 can improve a perpendicular magnetic
field efficiency in a direction perpendicular to the surface
of the double-sided magneto-optical recording medium 30.

In the third embodiment, since the second double-
sided magneto-optical recording medium 30 comprises the
high-permeability layer 32, magnetic fluxes from magnetic
field generators 9 and 9' form magnetic closed loops, as
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15 - CLAIMS 1. A magnet o-optical pickup
appar atus characterised by conpri sing: | aser beam focusi ng neans
(2, 2') for focusing a | aser beamemtted from| aser beam em ssi on neans
(1, 1') onto a magneto-optical recording nmedium (10, 30); and

magnetic field generating neans (9, 9'), apranged adjacent to said |aser
beam focusing neans (2, 2'), for generating a nmagnetic field to be applied
to said nagnetiecaopti bgl brekendilngesedhumi§ibe 60), Twﬁmﬁfbnesamdgnagnetic

field generggﬁggsngggﬁlgg t§ {hgo %g 25§ dBdaﬁgbéé%o Sopt £0a1 FOLOHG YT ch

t he | aser can a‘col
medium 30 can be effectively focused in a recording mode, so

that the perpendicular magnetic field efficiency of the
medium 30 is improved.

In the third embodiment, since recording or
reproduction can be simultaneously executed on the two
surfaces of the double-sided magneto-optical recording
medium, or after recording or reproduction is performed on
one surface, recording or reproduction can then be performed
on the other surface.

In the magnetic field generator 9 or 9' in each of
the embodiments 1 to 3 of the magneto-optical pickup
apparatus, the coil pattern 7 or 7' is formed on the optical
glass 8 or 8' as a plate having light transmission
characteristics. Alternatively, in order to prevent
reflection, a plate in which a hole for allowing a laser
beam to pass therethrough is formed to provide light
transmission characteristics may be used.

In the above three embodiments, the magnetic field
generator 9 is constituted by forming, as the spiral coil
pattern 7, the conductor 7a through which a current of a
high-frequency signal is caused to flow to generate a
magnetic field on the surface 8a of the optical glass 8
having suitable light transmission characteristics.

However, the plate on which the coil pattern 7 is formed
need not always be an optical glass but may comprise a non-
light transmissive material, eg, a metal plate, as will be
described in the fourth embodiment described below with
reference to figure 7. The same reference numerals in this
embodiment denote the same parts as in the embodiments 1 to
3, and a detailed description thereof will be omitted.

A magnetic field generator 9 of the embodiment 4
is constituted by forming, as a spiral coil pattern 7, a
conductor 7a for generating a magnetic field upon reception




(7, 7°), formed on said plate (8, 8, 40) for generating the magnetic

field. 2. A magnet o-opti cal pickup apparatus according to claim1,
characterised in that said plate (8, 8 ) conprises light-transm ssive
optical glass plate. 3. A magnet o-opti cal pickup apparatus

according to claim2 characterised in that the | aser beamis focused by
said | aser beam focusing neans (2, 2') su?gtantially on a centre of the
magnetic field generated by said coil pattérn (7, 7).

of a high-frequency signal on a surface 40a of a planar
member 40 which is obtained by forming a soft magnetic
material such as ferrite into a planar shape. In addition,
an opening 40c having a diameter large enough to allow the
ray bundle of the laser beam focused by an objective lens 2
to pass therethrough is formed at the central portion of the
planar member 40. An end portion 4a of a coil bobbin 4 is
adhered and fixed to a surface 40b (which has no coil
pattern 7) of the planar member 40 so that the centre of the
coil pattern 7 is aligned to coincide with the centre of the
objective lens 2 and to coincide with the centre of the
opening 40c of the planar member 40. Since the opening 40c
is formed at the central portion of the planar member 40, a
laser beam emitted from a laser device 1 can be focused on
the centre of a magnetic field generated by the coil
pattern 7.

The planar member 40 may be entirely formed of a
soft magnetic material such as ferrite. Alternatively, a
base plate formed of a non-magnetic material may be
prepared, and a thin film of a soft magnetic material such
as ferrite may be formed on the base plate by sputtering or
deposition. According to the embodiment 4, since the coil
pattern 7 of the magnetic field generator 9 is formed on the
planar member 40 formed of a soft magnetic material such as
ferrite, a closed magnetic path is formed between the
recording medium and the magnetic field generator 9 as in
the case wherein the high-permeability member is arranged
like in the embodiment 3. Therefore, since magnetic fluxes
generated at the side of the objective lens 2 of the pickup
can be efficiently guided toward the recording medium, the
efficiency of the magnetic field generator 90 can be
improved.

The fourth embodiment discloses an arrangement
wherein the pickup apparatus is arranged on one surface side

of the double-sided magneto-optical recording medium like as
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4. = A magnet o-optical pickup apparatus accordlng to claim3
characterised in that said coil pattern (7, 7') is fornmed on a surface (8a,
8a') of said plate (8, 8 ), said surface (8a, 8a') is opposed to said
magnet o- opti cal recordi ng nmedi um (10, 30). 5. A magnet o-opti ca

pi ckup apparatus according to any one of clainms 1 to 3 characterised in
that said plate (40) conprising a non-1igh# transmi ssion material has an

in the first embodiment. Alternatively, the pickup
apparatuses may be disposed on two surface sides of the
double-sided magneto-optical recording medium like in the
second and third embodiments to allow simultaneous recording
or reproduction on two surfaces, as a matter of course.

In the first to fourth embodiments, the magnetic
field generator 9 or 9' employs a magnetic field modulation
method. However, the present invention is not limited to
this, and may adopt another method, eg, a light modulation
method, that is, where the light beam, rather than the
magnetic field, is modulated.

According to a magneto-optical pickup apparatus of
the present invention, since a plate on which a coil pattern
for generating a magnetic field is formed and which has
light transmission characteristics is arranged near a laser
beam focusing means, a distance between the coil pattern and
the magneto-optical recording medium can be shortened. A
simple arrangement wherein an optical system and a magnetic
system are arranged on the same surface side of the magneto-
optical recording medium can be realised. 1In addition,
since a sufficient mounting space can be assured above each
surface of the magneto-optical recording medium, a degree of
freedom in design for the apparatus can be increased.

According to a magneto-optical recording/
reproducing apparatus of the present invention, magneto-
optical pickup apparatuses each comprising an optical system
and a magnetic system can be arranged on two surface sides
of a double-sided magneto-optical recording medium, so that
recording and reproduction of an information signal on two
surfaces of the double-sided magneto-optical recording
medium can be performed at the same time or from one surface
to the other surface. Thus, a large number of information
signals can be recorded/reproduced, and recording/
reproducing can be performed at higher speed.




16 opening (40c) through which the bundle of rays of th

pass in whole, said opening (40c) being forned at a sub%tlBﬁi‘jMﬂiﬂﬂ““ﬂM‘
portion of said plate (40). 6. A magnet o- opti cal appas atus
according to claim5 characterised in that the | aser beamis focused by
said | aser beam focusi ng neans (2) substantially on a centre of the
magnetic field generated by said coil pattern (7). 7. A

magnet o-opti cal pickup apparatus accerghyg to

1. A magneto-optical pickup apparatus characterised
by comprising:

laser beam focusing means (2, 2') for focusing a
laser beam emitted from laser beam emission means (1, 1')
onto a magneto-optical recording medium (10, 30); and

magnetic field generating means (9, 9'), arranged'
adjacent to said laser beam focusing means (2, 2'), for
generating a magnetic field to be applied to said magneto-
optical recording medium (10, 30), wherein said magnetic
field generating means (9, 9') comprises a plate (8, 8', 40)
through which the laser beam can pass, and a coil pattern
(7, 7'), formed on said plate (8, 8', 40) for generating the
magnetic field.

2. A magneto-optical pickup apparatus according to
claim 1, characterised in that said plate (8, 8') comprises

light-transmissive optical glass plate.

3. A magneto-optical pickup apparatus according to
claim 2 characterised in that the laser beam is focused by
said laser beam focusing means (2, 2') substantially on a
centre of the magnetic field generated by said coil pattern
(7, 7').

4. A magneto-optical pickup apparatus according to
claim 3 characterised in that said coil pattern (7, 7') is
formed on a surface (8a, 8a') of said plate (8, 8'), said
surface (8a, 8a') is opposed to said magneto-optical
recording medium (10, 30). |

5. A magneto-optical pickup apparatus according to
any one of claims 1 to 3 characterised in that said plate

(40) comprising a non-light transmission material has an
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claim6 characterised in that said coil pattern (7) is forned on a surface

(40a) of said plate (40), said surface (40a) is oppose ﬁﬂ
magnet o- opti cal recordi ng nmedi um (10, 30). 8. ” #H’ ﬂgﬂ
pi ckup apparatus according to claim?7 characterised in "haf at I®eas

surface portion of said plate (40), which is opposed to said
magnet o- optical recordi ng medi um (10, 30),l&onprises a soft magnetic

mat eri al . eto tlcal pi cky arat us accordi ng to any

one of clai msp%mf 8(4%%(:2)? d”}’rFq Hdte stgﬂ"tfg% R 1909 9k the drRar

bet ween sai deeBeFaeand cm‘uswtrtglm;emd Ypening (40c) being formed at a
substantially central portion of said plate (40).

6. A magneto-optical pickup apparatus according to
claim 5 characterised in that the laser beam is focused by
said laser beam focusing means (2) substantially on a centre
of the magnetic field generated by said coil pattern (7).

7. A magneto-optical pickup apparatus according to
claim 6 characterised in that said coil pattern (7) is
formed on a surface (40a) of said plate (40), said surface
(40a) is opposed to said'magneto—optical recording medium
(10, 30).

8. A magneto-optical pickup apparatus according to
claim 7 characterised in that at least a surface portion of
said plate (40), which is opposed to said magneto-optical
recording medium (10, 30), comprises a soft magnetic
material.

9. A magneto-optical pickup apparatus according to
any one of claims 5 to 8 characterised in that said plate
(40) is arranged between said laser beam focusing means (2)
and said magneto-optical recording medium (10,.30).

10. A magneto-optical pickup apparatus according to
any one of claims 1 to 9 characterised in that said plate
(8, 8') is arranged between said laser beam focusing means
(2, 2') and said magneto-optical recording medium (10, 30).

11. A magneto:bptical recording/reproducing apparatus
for recording/reproducing a magneto-optical recording medium
(10), which is constituted by stacked recording layers (12)
and transparent protection plates (18) on two surfaces of a




and sai'd magnet o-optical recordi ng nmedi um (10, 30). 10. A
magnet o- opti cal pickup apparatus according to any one of clains 1 to 9

characterised in that said plate (8, 8') is arrange i ser
beam focusing neans (2, 2') and said nmagnet o-opti caﬂlmkmﬂmngmﬂu m (10,
30) . 11. A magnet o-optical recording/reproducknge appamat ys ¥or
recordi ng/ reproduci ng a nagnet o-optical rlcording nmedium (10), which is

constituted by stacked recording |layers (12) and transparent protection
pl at es (18)st§Qn§ﬁ%Lﬁkk*xghaﬂaq;erised by including a magneto-optical

pickup apparatus comprising:

laser beam focusing means (2, 2') for focusing a
laser beam emitted from laser beam emission means (1, 1')
onto a magneto-optical recording medium (10); and

magnetic field generating means (9, 9'), arranged
adjacent to said laser beam focusing means (2, 2'), for
generating a magnetic field to be applied to said magneto-
optical recording medium (10), wherein said magnetic field
generating means (9, 9') comprises a plate (8, 8', 40)
through which the laser beam can pass, and a coil pattern
(7, 7'), formed on said plate (8, 8'8, 40), for generating
the magnetic field.

12. A magneto-optical recording/reproducing apparatus
according to claim 11, characterised in that said magneto-
optical pickup apparatuses are arranged so as, in use, to be
on two surface sides of said magneto-optical recording

medium (10).

13. A magneto-optical recording/reproducing apparatus
according to claim 12, characterised in that said magneto-
optical pickup apparatuses arranged on the two surface sides
of said magneto-optical recording medium (10) are
constituted so as to be simultaneously operated to
simultaneously perform recording/reproduction on the two

surfaces of said magneto-optical recording medium (10).

14. A magneto-optical recording/reproducing apparatus
for recording/reproducing a magneto-optical recording medium
(30), which is constituted by stacked high-permeability
layers (32), recording layers (34) and transparent
protection plates (36) on two surfaces of a substrate (31),
characterised by including a magneto-optical pickup
apparatus comprising:



17 substrate (11) characterised by including a magneto-optical pickup

appar at us conpri si ng: | aser beam focusi ng nea '
focusing a | aser beamenitted froml aser beam em ssion mllﬁln‘mm‘m‘\o a
magnet o- opti cal recordi ng nmedium (10); and magwetec d1elds *
generating nmeans (9, 9'), arranged adjaceQ% to said | aser beam focusing

nmeans (2, 2'), for

laser beam focusing means (9, 9') for focusing a
laser beam emitted from laser beam emission means (1, 1')
onto a magneto-optical recording medium (30); and

magnetic field generating means (9, 9'), arranged
adjacent to said laser beam focusing means (2, 2'), for
generating a magnetic field to be applied to said magneto-
optical recording medium (30), wherein said magnetic field
generating means (9, 9') comprises a plate (8, 8', 40)
through which the laser beam can pass, and a coil pattern
(7, 7'), formed on said plate (8, 8', 40), for generating
the magnetic field.

15. A magneto-optical recording/reproducing apparatus
according to claim 14, characterised in that said magneto-
optical pickup apparatuses are arranged on two surface sides
of said magneto-optical recording medium (30).

16. A magneto-optical recording/reproducing apparatus
according to claim 15, characterised in that said magneto-
optical pick apparatuses arranged on the two surface sides
of said magneto-optical recording medium (30) are
constituted so as to be simultaneously operated to
simultaneously perform recording/reproduction on the two

surfaces of said magneto-optical recording medium (30).
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generating a magnetic field to be applied to said nagneto- optical
recordi ng nmedi um (10), wherein said nmagnetic field generating neans (9, 9')
conprises a plate (8, 8, 40) through which the | aser beam can pass, and a
coil pattern (7, 7"), forned on said plate (8, 8 8, 40), for generating the
magnetic field. 12. A magnet o- opti cal recordi ng/reproducing
apparatus according to claim 11, characterised in that said nmagneto-

optical pickup apparatuses are arrangetBso as, in use, to be on two surface

si des of said magnet ARELS Ao rdi g, ,I(UJSO)AND 13. A
magnet o- opti cal recor
MAGNETO-OPTICAL RECORDING/REPRODUCING APPARATUS

ABSTRACT

A magneto-optical pickup apparatus includes an
objective lens for focusing a laser beam emitted from a
laser device onto a magneto-optical recording medium,
driving coils, on which the objective lens is mounted, for
driving the objective lens in focusing and tracking
directions, and a plate arranged at an end portion of .the
driving coils between the objective lens and the magneto-
optical recording medium. The plate is formed with a coil
pattern for generating a magnetic field to be applied to the
magneto-optical recording medium, and can allow a laser beam
transmitted through the objective lens to pass therethrough.

Figure 3
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according to claim 12, characterised in that said magneto- optical pickup
appar atuses arranged on the tw surface sides of said magneto-optical
recordi ng medi um (10) are constituted so as to be simultaneously operated
to simultaneously perforn1recording/reproduction on the two surfaces of
sai d magnet o-optical recording nediunzé A magnet o- opti cal
recordi ng/ reproduci ng apparatus for r rdlng/reprodUC|ng a nmagnet o- opti cal
recordi ng medi um (30), which is constituted by stacked hi gh-perneability

| ayers (32), recording layers (34) and transparent protection plates (36)
on two surfaces of a substrate (31), characterised by including a
magnet o- opti cal pi ckup apparatus conpri sing:

FIG.]
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18 . | aser beam focusing neans (9, 9') for focusing a | aser beam
emtted fromlaser beamem ssion neans (1, 1') onto a nmagneto-optical
recordi ng medi um (30); and magnetic field generating neans (9,
9'), arranged adjacent to said | aser beam focusing neans (2, 2'), for
generating a magnetic field to be azp/pGIied to said magneto-

FIG.2
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optical recording medium (30), wherein said magnetic field generating neans
(9,79") conprises a plate (8, 8, 40) through which the | aser beam can
pass, and a coil pattern (7, 7'), formed on said plate (8, 8, 40), for
generating the magnetic field. 15. A magnet o- opti cal
recordi ng/ reproduci ng appar at us accord@zg to claim 14, characterised in
that said magneto- optical pickup apparatuses are arranged on two surface
si des of said nagneto-optical recordi ng nmedi um (30). 16. A
magnet o- opti cal recordi ng/ reproduci ng apparatus according to claim 15,
characterised in that said nagneto- optical pick apparatuses arranged on
the two surface sides
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of said magneto-optical recording nedium (30) are constituted so as to be
si mul t aneousl y operated to sinultaneously performrecordi ng/reproduction on
the two surfaces of said magneto-optical recording medi um (30).
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