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Magneto-optical scanning device.

The invention relates to device for scanning a magneto-optical recording
layer, comprising a radiation source and an objective system for forming a radiation
beam focused to a scanning spot on the recording layer, and a magnet coil comprising a
winding with a core arranged between the objective system and the recording layer for
generating a magnetic field at the location of the scanning spot. The core of a coil is
meant to be the central part of the coil inside the winding.

Magneto-optical record carriers can be written and read by means of such
a device. There are two writing methods. In the first method there is a constant
magnetic field at the location of the scanning spot, while the radiation intensity of this
10 scanning spot is modulated, dependent on the information to be recorded. In the second
method the intensity of the scanning spot during writing is constant or modulated at a
fixed frequency and the polarity of the magnetic field changes in dependence upon the
information. The second method yields a greater information density than the first
method and it is possible to overwrite prerecorded information directly with new
15 information. However, it is a problem to realise the required power and the rapid
changes of the field at the location of the scanning spot.
A device of the type described above is known from United States Patent
No. 3 781 905. In this device the magnetic field is generated by a coil arranged
between the objective system and the record carrier. The coil has an air core through
20 which the focused radiation beam passes. A drawback of the known coil is that the core
'~ is relatively large so that a large electric power is necessary to generate the required
magnetic field. This in turn leads to inadmissible heating of the coil. A further
drawback of the known coil is that its height makes it difficult to arrange it in the small
space which is available between the objective system and the record carrier.
2 It is an object of the invention to provide a device in which the coil

requires a smaller electric power and in which a larger space for accommodating the
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To this end a device according to the invention is characterized in that the
core comprises a transparent material throughout the height of the winding, in which
core the vergence of the radiation beam is smaller than the vergence of the radiation
beam in the medium surrounding the coil, and in that the maximum inner diameter of
the winding is substantially equal to the maximum diameter of the radiation beam in the
winding. Due to the smaller vergence of the radiation beam in the core of the coil, the
distance between the objective system and the record- carrier may become larger and the
diameter of the core may become smaller. By winding the turns of the coil as densely
as possible on the core, the required power for the coil is reduced. A further advantage
of the solid core is that dust particles, which could obstruct the radiation beam, cannot
accumulate in the core. Moreover, the solid core can be used as a winding jig for the
coil. '

A particular embodiment of the device according to the invention is
characterized in that the core is a truncated cone having an apex angle which is equal to
the apex angle of the radiation beam in the core. As a result, the diameter of the core
can be still further reduced so that the power consumption will even be smaller.

By giving at least one surface of the core a curvature it is possible to |
influence the properties of the radiation beam to a further extent. For example, by
giving a surface optical power, the diameter of the core can be further reduced. The
core then has a converging effect and may take over a part of the function of the
objective system.

In a special embodiment of the device according to the invention the
objective system is integrated with the core. The device can be made more compact by
integrating the objective system and the coil.

In a special embodiment of the device the core projects slightly below the
winding. This has the advantage that, if the record carrier were to touch the coil, it
would touch the hard core instead of the vulnerable winding of the coil.

A particular embodiment of the device according to the invention is
characterized in that the coil has a yoke of magnetic material. The yoke provides a
concentration of magnetic flux at the location of the scanning spot so that less power is

necessary to generate the required magnetic field. Moreover, the yoke dissipates heat
generated in the winding.
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The invention will now be described in greater detail with reference to

some embodiments and the accompanying drawings in which

Figure 1 shows a part of a known scanning device with a known coil;

Figure 2 shows such a device with a coil according to the invention;

Figure 3 shows a special embodiment of the coil -according to the
invention; and

Figure 4 shows a coil according to the invention with an integrated lens

and coil. Identical reference numerals in the Figures refer to the same components.

Figure 1 shows a part of a scanning device as is known from, inter alia,
said United States Patent no. 3,781,905. A radiation source 1, for example a laser
diode, supplies a beam 2 which is transformed to a focused radiation beam 4 by an
objective system comprising, for example, one lens 3. The radiation beam 4 forms a
spot 5 on a recording layer 7 of a record carrier 6 which is suitable for magneto-optical
recording. The recording layer is provided, for example, on a substrate 8 and coated
with a transparent protective coating 9 on the side of the scanning head. If a transparent
substrate is used, the positions of components 8 and 9 may be interchanged. The lens 3
is positioned by known servomechanisms (not shown) along the optical axis and
perpendicularly thereto in such a way that the spot 5 remains at the desired location on
the recording layer 7 while the record carrier is being scanned. The known optical and
electric elements required for generating an information signal and servosignals are not
shown in the Figure.

The magnetic field at the location of the spot 5, which field is required
for writing and erasing information in the recording layer 7, is generated by a magnet
coil having a winding 10. This known coil has a cylindrical shape with an air core 11
which is also cylindrical and passes the focused radiation beam 4. The magnetic field
must be large enough to reverse the magnetization of the recording layer 7 heated by
the spot 5. To minimize the power consumption and the resultant heating of the coil, the
coil must generate a magnetic field which is as large as possible at a given electric
power. The magnetic field on the axis of the coil rapidly decreases with a decreasing
distance to the coil. For this reason the coil 10 should be arranged as close as possible

to the spot 5. The minimum distance between the coil and the spot is determined by the
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thickness of the protective coating 9, or the transparent substrate 8 and by the vertical
excursions of the record carrier 6 during scanning. By coupling the coil 10 mechanically
to the lens 3 whose height is adjustable, the coil, likewise as the lens, will be in
compliance with the surface of the record carrier as satisfactorily as possible. The
minimum distance between the coil and the protective coating is determined by the
permitted record carrier flatness tolerance of the device and by the vertical movements
to be expected between the coil and the record carrier in case of shocks against the
device. Furthermore, the magnetic field strength at a point on the axis not too far
beyond the coil is inversely proportional to the diameter of the winding so that a large
field requires a small diameter. The minimum inner diameter is fixed due to the shape
of the focused radiation beam 4. In the known coil 10 the inner diameter 12 of the core
and the distance between the coil and the protective coating 9 are fixed. A good
compromise between tolerance and field strength is a coil-to-spot distance which is
approximately equal to the diameter of the coil. The addition of extra turns to the outer
side of the winding 10 so as to enlarge the field at the location of the spot 5 is not
efficient because the distance between these turns and the spot is relatively large.

A further requirement imposed on the coil is that the magnetic field
should be able to reverse its polarity rapidly so as to maximize the writing speed. Since
the reactance of a coil increases linearly with the frequency of the coil control and with
the inductance, the coil should have a low inductance to convey sufficient current
through the winding at high frequencies. Since the inductance of a coil is directly
proportional to the square of the diameter of the coil, the coil should thus have a
diameter which is as small as possible. This also has the advantage that the winding has
a small overall length so that the coil has a small resistance and hence a low power
dissipation. However, the diameter of the known coil cannot be reduced to a sufficient
extent due to the above-mentioned requirements imposed on the coil.

In the device according to the invention, as shown in Figure 2, the
diameter of the coil can be reduced, namely by filling up the core 11 with a transparent
material, for example, glass. Since the core has a refractive index of more than 1.0, the
rays entering the core are bent towards the normal so that the apex angle 2« of the
focused beam 4 in this core is smaller than in an air core. Consequently, the beam 4 at

the location of the upper side of the coil may have a smaller cross-section for obtain‘mg
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the same spot 5 on the recording layer 7 as compared with the case of an air-cored coil.
While the distance between the coil and the record carrier remains the same, the
winding may have a smaller inner diameter 12 as is illustrated by the comparison of
Figures 1 and 2. The smallest inner diameter of the winding is obtained by choosing the
diameter of the core to be equal to the maximum diameter of the radiation beam 4 in
the core, possibly increased by a small manufacturing tolerance, and by providing the _
winding directly on the core or on a thin intermediate Iayei' on the core. For
conventional devices the reduction of the core diameter is between 20% and 40% of the
height of the winding, dependent on the numerical aperture (NA) of the lens 3 and the

refractive index of the core. It is preferred to use a material having a high refractive

- index for the core because the reduction increases with the refractive index.

The transparent core is preferably also soft-magnetic. It is to be noted
that a coil having a transparent, magnetic core is known from Japanese Patent
Application No. 3-181 045. However, in this coil no measures have been taken to
reduce the inner radius of the winding so as to increase the magnetic field.

If the diameter of the winding 10 according to the invention is 10%
smaller than that of the known coil, it yields a 10% larger magnetic field at the location
of the spot 5 when the same current is supplied to the coil. Moreover, since the
impedance of the coil, composed of a resistance part and a reactance part, is at least
10% smaller than that of the known coil, the field is at least 20% larger than that of the
known coil in the case of the same power consumption. Since the core changes the
vergence of the beam 4, the distance between the lens 3 and the record carrier 6 will be
larger so that there will be more space for accommodating the coil between the lens
and the record carrier. A typical winding for high-frequency writing of information has
an inner diameter of 0.1 mm and a height of 0.1 mm, while the distance between the
lower side of the coil and the spot is 0.1 mm.

Figure 3 shows a special embodiment of the coil according to the
invention. The core 11 has the shape of a truncated cone so that the inner diameter of
the coil is in compliance with the shape of the focused beam 4 in the core.
Consequently, additional turns having also an extra small diameter can be arranged at
the lower side of the coil. Due to said dependence of the generated magnetic field on
the geometry of the winding, these additional turns contribute to the field at the location
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the increase of the field at the location of the spot due to the core shape shown in
Figure 3 may be 10%.
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If the core 11 shown in Figures 2 and 3 is made of, for examplé glass or
plastic, it can be used as a winding jig in the manufacture of the coil 10. If the coil is
made on another winding jig, the core of the coil may be filled after winding with a
viscous transparent synthetic material which is subsequently cured, for example by
means of ultraviolet radiation.

The surfaces of the core as shown in Figures 2 and 3 may be given a
curvature, i.e. a non-plane shape at the upper side and/or the lower side. By giving one
of the sides a small deviation, referred to in literature as making aspherical, it is
possible to correct for optical aberrations. When a lens 3 is used which is designed for a
device with an air core 11 in the radiafion beam 4, the provision of a core having a
higher refractive index will cause spherical aberration in the radiation path. This
aberration can then be compensated for by means of an aspherical surface on the core.
Such a surface can easily be realised by making use of a mould having the desired
shape, for example, when the core is being made of a transparent synthetic material.
The core may also be given optical power by means of said curvature so that the core
will have a converging effect and can take over a part of the function of the lens 3.

Figure 4 shows a device in which the core 11 and the lens 3 are
integrated. The lens and the core may be cemented together or they may form a single
optical element. The core in Figure 4 may have a plane surface 14 so that the core can
be manufactured more easily and hence at lower cost, while the required quality of the
spot 5 is realised when using a satisfactory lens design.

To inhibit reflection losses on the surfaces 13 and 14 of the core 11,
these surfaces may be provided with an anti-reflection coating.

It is recommendable to provide the winding 10 with a protective coating
at the lower side of the coil so that the vulnerable turns are not damaged in case of
contact with the record carrier. The winding may also be protected by causing the lower
side 14 of the core 11 to project slightly below the coil so that only this part may come
into contact with the record carrier. This core part is preferably given a convex shape.

This has the further advantage that the rays in the core extend more parallel to the
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optical axis than when using a flat lower side so that the diameter of the core of the coil
can even be further reduced.

By providing the coil with a yoke 15 of magnetic material, the magnetic
field at the location of the spot S is further increased. The magnetic material may be,
for example ferrite. The geometry of the yoke shown in Figure 4 shows the greatest
increase of the field. It is found that addition of turns to the lower side of the winding
10 yields a greater increase of the field than providing magnetic material at that side.
The increase of the field by providing the yoke may be a factor of 1.7, dependent on
the geometry of the coil. If the field remains the same, the current through the coil with
the yoke can be decreased by this factor and the dissipation in the coil can be reduced
by a factor of 3. The yoke 15 has the additional advantage that it enhances the
dissipation of heat generated in the coil so that the coil can carry a larger current and
hence generate more field. A yoke 15, which is of course provided with an aperture to
pass the radiation beam 4, may alternatively be used in the devices shown in Figures 2
and 3.

As is known, a magneto-optical record carrier can be read by means of
the device described hereinbefore. The coil is then not energized and the beam 4 whose
intensity is decreased is used as a read beam. The state of polarisation of the read beam
is changed by the inscribed magnetic domains. The beam from the record carrier is
coupled out of the path of beam 4 by a beam separator, whereafter the change of the
state of polarisation can be detected. For further details about reading and erasing,
reference is made to European Patent Application no. 0 341 778 (PHN 12.550).
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CLAIMS:

* [4 L M $ *

1. A device for scanning a magneto-optical recording layer (7), comprising a
radiation source (1) and an objective system (3) for forming a radiation beam (4) which
is focused to a scanning spot (5) on the recording layer, and a magnet coil comprising a
winding (10) with a core (11) arranged between the objective system and the recording
layer for generating a magnetic field at the location of the scanning spot, characterized
in that the core comprises a transparent material throughout the height of the winding
(10), in which core the vergence of the radiation beam (4) is smaller than the vergence
of the radiation beam in the medium surrounding the coil, and in that the maximum -
inner diameter (12) of the winding is substantially equal to the maximum diameter of
the radiation beam in the winding.

2. A device as claimed in Claim 1, characterized in that the core (11) is a

truncated cone having an apex angle which is equal to the apex angle of the radiation
beam in the core.

3. A device as claimed in Claim 1 or 2, characterized in that at least one
surface (13) of the core (11) is curved.

4, A device as claimed in Claim 1, 2 or 3, characterized in that the
objective system (3) is integrated with the core (11). |

5. A device as claimed in Claim 1, 2, 3 or 4, characterized in that the core
(11) projects from the winding (10) at the side of the coil facing the scanning spot (3).
6. A device as claimed in Claim 1, 2, 3, 4 or 5, characterized in that the

coil has a yoke (15) of magnetic material.
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ABSTRACT
Magneto-optical scanning device.

A device for writing, reading and erasing a magneto-optical record
carrier (6) is described. The magnetic field for writing and erasing is generated by a
coil with-a winding (10) arranged between a lens (3), which focuses optical radiation on
the record carrier (6), and this record carrier. According to the invention the coil has a
5 core (11) of a transparent material, in which core the vergence of the radiation beam is
'_ smaller than the vergence in the surrounding air. Consequently, the diameter of the coil
can be reduced so that the generated magnetic field increases.

Fig. 2.
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Magneto-optical scanning device.

The invention relates to device for scanning a magneto-optical recording
layer, comprising a radiation source and an objective system for forming a radiation
beam focused to a scanning spot on the recording layer, and a magnet coil comprising a
winding with a core arranged between the objective system and the recording layer for
generating 2 magnetic field at the location of the scanning spot. The core of a coil is
meant to be the central part of the coil inside the winding.

Magneto-optical record carriers can be written and read by means of such
a device. There are tv;/o_ writing meﬁods. In the first method there is a constant |
magnetic field at.the location of the séanning spot, while the radiation intensity of this
scanning spot is modulated, dependent on the information to be recorded. In the second
method the intensity of the scannirig spot during writing is con;tant 6; modulated at a
fixed frequency and the polarity of the magnetic field changes in dependence upon the
information. The second methéd yields a greater information density than the first
method and it is possible to overwrite prerecorded information directly with new
information. However, it is a problem to realise the required power and the rapid
changes of the field at the location of the scanning spot.

A device of the type described above is known from United States Patent
No. 3 781 905. In this device the magnetic field is generated by a coil arranged
between the objective system and the record carrier. The coil has an air core through
Which the focused radiation beam passes. A drawback of the known coil is that the core
is l'elatively large so that a large electric power is necessary to generate the required
Magnetic field. This in turn leads to inadmissible heating of the coil. A further
drawback of the known coil is that its height makes it difficult to arrange it in the small
SPace which is available between the objective system and the record carrier.

It is an object of the invention to provide a device in which the coil
"Quires 5 Smaller electnc power and in whlch a larger space for accommodating the
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To this end a device according to the invention is characterized in that the
core comprises a transparent material throughout the height of the winding, in which
core the vergence of the radiation beam is smaller than the vergence of the radiation
peam in the medium surrounding the coil, and in that the maximum inner diameter of
the winding is substantially equal to the maximum diameter of the radiation beam in the
winding. Due to the smaller vergence of the radiation beam in the core of the coil, the
distance between the objective system and the record carrier may become larger and the
diameter of the core may become smaller. By winding the turns of the coil as densely
as possible on the core, the required power for the coil is reduced. A further advantage
of the solid core is that dust particles, which could obstruct the radiation beam, cannot
accumula-fe in the core. Moreover, the solid core can be used as a winding jig for the
coil. o

A particular embodiment of the device according to the invention is
characterized in that the core is a truncateci cone having an apex angle which is equal to
the apex angle of the radiation beam in the core. As a result, the dianietér of the core
can be still further reduced so that the power consumption wﬂf even be smaller.

By giving at least one surface of the core a curvature it is possible to
influence the properties of the radiation beam to a further extent. For example, by
8iving a surface optical power, the diameter of the core can be further reduced. The |
core-then has a converging effect and may take over a part of the function of the
objective system.

In a special embodiment of the device according to the invention the
Objective system is integrated with the core. The device can be made more compact by
itegrating the objective system and the coil.

In a special embodiment of the device the core projects slightly below the
Winding. This has the advantage that, if the record carrier were- to touch the coil, it
¥ould touch the hard core instead of the vulnerable winding of the coil.

A particular embodiment of the device according to the invention is
“haracterizeq in that the coil has a yoke of magnetic material. The yoke provides 2
Concentration of magnetic flux at the location of the scanning spot so that less power is

n - . . -
eeessary to generate the required magnetic field. Moreover, the yoke dissipates heat
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The invention will now be described in greater detail with reference to

some embodiments and the accompanying drawings in which
Figure 1 shows a part of a known scanning device with a known coil;
Figure 2 shows such a device with a coil according to the invention;
Figure 3 shows a special embodiment of the coil according to the
invention; and
Figure 4 shows a coil according to the invention with an integrated lens

and coil. Identical reference numerals in the Figures refer to the same components.

Figure 1 shows a part of a scanning device as is known from, inter alia,
said United States Patent no. 3,781,905. A radiation source 1, for example a laser
diode, supplies a beam 2 which is transformed to a focused radiation beam 4 by an
objective system comprising, for example, one lens 3. The radiation beam 4 forms a
spot 5 on a recording layer 7 of a record carrier 6 which is suitable for magneto-optical
recording. The recording layer is provided, for example, on a substrate 8 and coated -
with a transparent protective coating 9 on the side of the scanning head. If a transparent
substrate is ﬁsed, the pbsitions of components 8 and 9 may be interchanged. The lens 3
is positioned by known servomechanisms (ﬁoi shown) along the optical axis and
perpendicularly thereto in such a way that the spot 5 remains at the desired location on
the recording layer 7 while the record carrier is being scanned. The known optical and
electric elements required for generating an information signal and servosignals are not
shown in the Figure.

The magnetic field at the location of the spot 5, which field is required
for writing and erasing information in the recording layer 7, is generated by a magnet
coil having a winding 10. This known coil has a cylindrical shape with an air core 11
Which is also cylindrical and passes the focused radiation beam 4. The magnetic field
Must be large enough to reverse the magnetization of the recording layer 7 heated by
the spot 5. To minimize the power consumption and the resultant heating of the coil, the
coll must generate a magnetic field which is as large as possible at a given electric
Power, The magnetic field on the axis of the coil rapidly decreases with a decreasing
dishﬂCt‘- to the coil. For this reason the coil 10 should be arranged as close as possible

t . ,
O the spot 5. The minimum distance between the coil and the spot is determined by the
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thickness of the protective coating 9, or the transparent substrate 8 and by the vertical

excursions of the record carrier 6 during scanning. By coupling the coil 10 mechanicaily
to the lens 3 whose height is adjustable, the coil, likewise as the lens, will be in
compliance with the surface of the record carrier as satisfactorily as possible. The
minimum distance between the coil and the protective coating is determined by the
permitted record carrier flatness tolerance of the device and by the vertical movements
to be expected between the coil and the record carrier in case of shocks against the
device. Furthermore, the magnetic field strength at a point on the axis not too far
beyond the coil is inversely proportional to the diameter of the winding so that a large
field requires a small diameter. The minimum inner diameter is fixed due to the shape
of the focused radiation beam 4. In the known coil 10 the inner diameter 12 of the core
and the distance between the coil and the protective coating 9 are fixed. A good
compromise between tolerance and field strength is a coil-to-spot distance which is
approximately equal to the diameter of the coil. The addition of extra turns to the outer
side of the winding 10 so. as to enlarge the field at the location of the spot 5 is not
efficient because the distance between these turns and the spot is, relati_yely large. -

A further requirement imposed on the coil is that the magnetic field
should be able to reverse its polarity rapidly so as to maximize the writing speed. Since
the reactance of a coil increases linea.rly-' with the frequency. of the coil control and with
the inductance, the coil should have a low inductance to convey sufficient current
through the winding at high frequencies. Since the inductance of a coil is directly
Proportional to the square of the diameter of the coil, the coil should thus have a
diameter which is as small as possible. This also has the advantage that the winding has
2 small overall length so that the coil has a small resistance and hence a low power
dissipation. However, the diameter of the known coil cannot be reduced to a sufficient
€xtent due to the above-mentioned requirements imposed on the coil.

In the device according to the invention, as shown in Figure 2, the
diameter of the coil can be reduced, namely by filling up the core 11 with a transparent
Material, for example, glass. Since the core has a refractive index of more than 1.0, the
Rys entering the core are bent towards the normal so that the apex angle 2« of the
focused beam 4 in this core is smaller than in an air core. Consequently, the beam 4 at

e location of the upper side of the coil may have a smaller cross-section for obtaining
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the same spot 5 on the recording layer 7 as compared with the case of an air-cored coil.

While the distance between the coil and the record carrier remains the same, the
winding may have a smaller inner diameter 12 as is illustrated by the comparison of
Figures 1 and 2. The smallest inner diameter of the winding is obtained by choosing the
diameter of the core to be equal to the maximum diameter of the radiation beam 4 in
the core, possibly increased by a small manufacturing tolerance, and by providing the
winding directly on the core or on a thin intermediate layer on the core. For
conventional devices the reduction of the core diameter is between 20% and 40% of the
height of the winding, dependent on the numerical aperture (NA) of the lens 3 and the
refractive index of the core. It is preferred to use a material having a high refractive
index for the core because the reduction increases with the refractive index.

The transparent core is preferably also soft-magnetic. It is to be noted
that a coil having a transparent, magnetic core is known from J apanese Patent
A"pplication No. 3-181 045. However, in this coil no measures have been taken to
reduce the ;nnér radius of the winding so as to increase the magnetic field.

If the diameter of the winding 10 according to the invention is 10%
smaller than that of the known coil, it yields a 10% larger magnetic field at the location
‘of the spot 5 when the same current is supplied to the coil. Moreover, since the
impedance of the coil, composed of a resistance-part and a reactance part, is at least
10% smaller than that of the known coil, the field is at least 20% larger than that of the
known coil in the case of the same power consumption. Since the core changes the
vergence of the beam 4, the distance between the lens 3 and the record carrier 6 will be
larger so that there will be more space for accommodating the coil between the lens
and the record carrier. A typical winding for high-frequency writing of information has -
an inner diameter of 0.1 mm and a height of 0.1 mm, while the distance between the
lower side of the coil and the spot is 0.1 mm.

Figure 3 shows a special embodiment of the coil according to the
invention. The core 11 has the shape of a truncated cone so that the inner diameter of
the coil is in compliance with the shape of the focused beam 4 in the core.
COnscquently, additional turns having also an extra small diameter can be arranged at
the lower side of the coil. Due to said dependence of the generated magnetic field on -

the geometry of the winding, these additional turns contribute to the field at the location
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of the spot 5 to a relatively large extent. As compared with the coil shown in Figure 2,

the increase of the field at the location of the spot due to the core shape shown in
Figure 3 may be 10%.

If the core 11 shown in Figures 2 and 3 is made of, for example glass or
plastic, it can be used as a winding jig in the manufacture of the coil 10. If the coil is
made on another winding jig, the core of the coil may be filled after winding with a
viscous transparent synthetic material which is subsequently cured, for example by
means of ultraviolet radiation.

The surfaces of the core as shown in Figures 2 and 3 may be given a
curvature, i.e. a non-plane shape at the upper side and/or the lower side. By giving one
of the sides a small deviation, referred to in literature as making aspherical, it is
possible to correct for opticai aberrations. When a lens 3 is used which is designed for a
device with an air core 11 in the radiation beam 4, the provision of a core having a
higher refractive index will cause spherical aberration in the radiation patﬁ. This
aberration can then be compensated for by means of an aspherical’surface on the core.
Such a surface can easily be realised by making use of a mould héving the desired
shape,. for example, when the core is beiﬁg made of a transparent synthetic material.
The core may also be given optical power by means of said curvature so that the core
will have a converging e_fféc.:t-and can take over a part of the function of the lens 3.

| Figure 4 shows a device in which the core 11 and the lens 3 are
integrated. The lens and the core may be cemented together or they may form a single
optical element. The core in Figure 4 may have a plane surface 14 so that the core can
be manufactured more easily and hence at lower cost, while the required quality of the
Spot 5 is realised when using a satisfactory lens design.

To inhibit reflection losses on the surfaces 13 and 14 of the core 11,
these surfaces may be provided with an anti-reflection coating.

It is recommendable to provide the winding 10 with a protective coating
at the Jower side of the coil so that the vulnerable tumns are not damaged in case of
Contact with the record carrier. The win'ding may also be protected by causing the lower
Side 14 of the core 11 to project slightly below the coil so that only this part may come
into contact with the record carrier. This core part is preferably given a convex shape.

This has the further advantage that the rays in the core extend more parallel to the
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optical axis than when using a flat lower side so that the diameter of the core of the coil
can even be further reduced.

By providing the coil with a yoke 15 of magnetic material, the magnetic
field at the location of the spot S is further increased. The magnetic material niay be,
for example ferrite. The geometry of the yoke shown in Figure 4 shows the greatest
increase of the field. It is found that addition of tumns to the lower side of the winding
10 yields a greater increase of the field than providing magnetic material at that side.
The increase of the field by providing the yoke may be a factor of 1.7, dependent on
the geometry of the coil. If the field remains the same, the current through the coil with
the yoke can be decreased by this factor and the dissipation in the coil can be reduced
by a factor :of 3. The yoke 15 has the additional advantage that it enhances the
dissipation of heat generated in the coil so that the coil can carry a larger current and _
hence generate more field. A yoke 15, which is of course proﬁcied with an apertureﬂ to
pass the radiation beam 4; may alternatively be used in the devices shown in Figures 2
and 3. | _ | .

As is known, a magneto-optical record carrier can be read by means of
the device described hereinbefore. The coil is then not energized and the beam 4 whose
intensity is decreased is used as a read beam. The state of pola.risé_tion of the read beamr
is changed by the inscribed magnetic domains. Th-e beam from the record carrier is
cdupled out of the path of beam 4 by a beam separator, whereafter the change of the
state of polarisation can be detected. For further details a:bout reading and erasing,
reference is made to European Patent Application no. 0 541 778 (PHN 12.550).
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1. A device for scanning a magneto-optical recording layer (7), comprising a
radiation source (1) and an objective system (3) for forming a radiation beam (4) which
is focused to a scanning spot (5) on the. recording layer, and a magnet coil comprising a
winding (10) with a core (11) arranged between the objective system and the recording
layer for generating a magnetic field at the location of the scanning spot, characterized
in that the core comprises a transparent material throughout the height of the winding
(10), in which core the vergence of the radiation beam (4) is smaller than the vergence
of the radiation beam in the medium surrounding the coil, and in that the maximum

inner diameter (12) of the winding is substantially equal to the maximum diameter of

.. the radiation beam in the winding.

2. A device as claimed in Claim 1, characterized in that the core (11)is a
truncated cone having an apex angle which is equal to the apex angle of the radiation
beam in the core.

3. A device as claimed in Claim 1°or 2, characterized in-that at least one
surface (13) of the core (11) is curved. _
4, A device as claimed in Claim 1, 2 or 3, characterized in that the

objective system (3) is integrated with the core (11).

3. A device as claimed in Claim 1, 2, 3 or 4, characterized in that the core
(11) projects from the winding (10) at the side of the coil facing the scanning spot (3)-
6. A device as claimed in Claim 1, 2, 3, 4 or 5, characterized in that the

coil has a yoke (15) of magnetic material.
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ABSTRACT

Magneto-optical scanning device. '

A device for writing, reading and erasing a magneto-optical record
carrier (6) is described. The magnetic field for writing and erasing is generated by a
coil with a winding (10) arranged between a lens (3), which focuses optical radiation on
the record carrier (6), and this record carrier. According to the invention the coil has a
core (11) of a transparent material, in which core the vergence of the radiation beam is
smaller than the vergence in the surrounding air. Consequently, the diameter of the coil

can be reduced so that the generated magnetic field increases.

Fig. 2.
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MAGNETO-OPTICAL SCANNING DEVICE WITH
SMALL COIL

BACKGROUND OF THE INVENTION

The invention relates to device for scanning a magne-
- to-optical recording layer, comprising -a radiation
source and an objective system for forming a radiation
beam focused to a scanning spot on the recording layer,
and a magnet coil comprising a winding with a core
arranged between the objective system and the record-
ing layer for generating a magnetic field at the location
of the scanning spot. The core of a coil is meant to be
the central part of the coil inside the winding.

Magneto-optical record carriers can be written and
read by means of such a device. There are two writing
methods. In the first method there is a constant mag-
netic field at the location of the scanning spot, while the
radiation intensity of this scanning spot is moduiated,
dependent on the information to be recorded. In the
second method the intensity of the scanning spot during
writing is constant or modulated at a fixed frequency
and the polarity of the magnetic field changes in depen-
dence upon the information. The second method yields
a greater information density than the first method and
it is possible to overwrite prerecorded information di-
rectly with new information. However, it is a2 problem
to realise the required power and the rapid changes of
the field at the location of the scanning spot.

A device of the type described above is known from
U.S. Pat. No. 3,781,905. In this device the magnetic
field is generated by a coil arranged between the objec-
tive system and the record carrier. The coil has an air
core through which the focused radiation beam passes.
A drawback of the known coil is that the core is rela-
tively large so that a large electric power is necessary to
-generate the required magnetic field. This in turn leads
to inadmissable heating of the coil. A further drawback
of the known coil is that its height makes it difficult to
arrange it in the small space which is available between
the objective system and the record carrier.

SUMMARY OF THE INVENTION

- It is an object of the invention to provide a device in
which the coil requires a smaller electric power and in
which a larger space for accommodating the coil is
realised.

To this end a device according to the invention is
characterized in that the core comprises a transparent
material throughout the height of the winding, in which
core the vergence of the radiation beam is smaller than

GhHoa: |
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the vergence of the radiation beam in the medium sufr-
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rounding the coil, and in that the maximum inner diame-
ter of the winding is substantially equal to the maximum
diameter of the radiation beam in the winding. Due to
the smaller vergence of the radiation beam in the core
of the coil, the distance between the objective system
and the record carrier may become larger and the diam-
eter of the core may become smaller. By winding the
turns of the coil as densely as possible on the core, the
required power for the coil is reduced. A further advan-
tage of the solid core is that dust particles, which could
obstruct the radiation beam, cannot accumuiate in the
core. Moreover, the solid core can be used as a winding
jig for the coil.

A particular embodiment of the device according to
the invention is characterized in that the core is a trun-
cated cone having an apex angle which is equal to the

apex angle of the radiation beam in the core. As a result,
the diameter of the core can be still further reduced so
that the power consumption will even be smaller.

By giving at least one surface of the core a curvature
it is possible to influence the properties of the radiation
beam to a further extent. For example, by giving a sur-
face optical power, the diameter of the core can be
further reduced. The core then has a converging effect
and may take over a part of the function of the objective
system. '

In a special embodiment of the device according to.
the invention the objective system is integrated with the
core. The device can be made more compact by inte-
grating the objective system and the coil.

In a special embodiment of the device the core
projects slightly below the winding. This has the advan-
tage that, if the record carrier were to touch the coil, it
would touch the hard core instead of the vulnerable
winding of the coil.

A particular embodiment of the device according to
the invention is characterized in that the coil has a yoke
of magnetic material. The yoke provides a concentra-
tion of magnetic flux at the location of the scanning spot
so that less power is necessary to generate the required
magnetxc field. Moreover, the yoke dissipates heat gen-
erated in the wmdmg.

The invention will now be described in greater detail
with reference to some embodiments and the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows a part of a known scanning device with
a known coil;

FIG. 2 shows such a device with a coil according to REPLACEMENT SHEET
the invention;
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FIG. 3 shows a special embodiment of the coil ac-
cording to the invention; and

FIG. 4 shows a coil according to the invention with
an integrated lens and coil. Identical reference numerals
in the Figures refer to the same components.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 shows a part of a scanning device as is known
from, inter alia, said U.S. Pat. No. 3,781,905. A radiation
source 1, for example a laser diode, supplies 2 beam 2
which is transformed to a focused radiation beam 4 by
an objective system comprising, for example, one lens 3.
The radiation beam 4. forms a spot 5 on a recording
layer 7 of a record carrier 6 which is suitable for magne-
to-optical recording. The recording layer is provided,
for example, on a substrate 8 and coated with a transpar-
ent protective coating 9 on the side of the scanning
head. If a transparent substrate is used, the positions of
components 8 and 9 may be interchanged. The lens 3 is
positioned by known servomechanisms (not shown)
along the optical axis and perpendicularly thereto in
such a way that the spot 5 remains at the desired loca-
tion on the recording layer 7 while the record carrier is
being scanned. The known optical and electric elements
required for generating an information signal and ser-
vosignals are not shown in the Figure.

The magnetic field at the location of the spot 5, which
field is required for writing and erasing information in
the recording layer 7, is generated by a magnet coil
having 2 winding 10. This known coil has a cylindrical
shape with an opening which defines an air core 11

which is also cylindrical and passes the focused radia-
tion beam 4. The magnetic field must be large enough to
reverse the magnetization of the recording layer 7
heated by the spot S. To minimize the power consump-
tion and the resultant heating of the coil, the coil must
generate a magnetic field which is as large as possible at
a given electric power. The magnetic field on the axis of
the coil rapidly decreases with a decreasing distance to
the coil. For this reason the coil 10 should be arranged
as close as possible to the spot 5. The minimum distance
between the coil and the spot is determined by ‘the
thickness of the protective coating 9, or the transparent
substrate 8 and by the vertical excursions of the record
carrier 6 during scanning. By coupling the coil 10 me-
chanically to the lens 3 whose height is adjustable, the
coil, likewise as the lens, will be in compliance with the
surface of the record carrier as satisfactorily as possible.
The minimum distance between the coil and the protec-
tive coating is determined by the permitted record car-
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rier flatness tolerance of the device and by the vertical .
movements to be expected between the coil and the
record carrier in case of shocks against the device. Fur-
thermore, the magnetic field strength at a point on the
axis not too far beyond the coil is inversely proportional
to the diameter of the winding so that a large field re-
quires a small diameter. The minimum inner diameter is
fixed due to the shape of the focused radiation beam 4.
In the known coil 10 the inner diameter 12 of the core
and the distance between the coil and the protective
coating 9 are fixed. A good compromise between toler-
ance and field strength is a coil-to-spot distance which is
approximately equal to the diameter of the coil. The
addition of extra turns to the outer side of the winding
10 so as to enlarge the field at the location of the spot §
is not efficient because the distance between these turns
and the spot is relatively large.

A further requirement imposed on the coil is that the
magnetic field should be able to reverse its polarity
rapidly so as to maximize the writing speed. Since the
reactance of a coil increases linearly with the frequency
of the coil control and with the inductance, the coil
should have a low inductance to convey sufficient cur-
rent through the winding at high frequencies. Since the
inductance of a coil is directly proportional to the
square of the diameter of the coil, the coil should thus
have a diameter which is as small as possible. This also
has the advantage that the winding has a small overall
length so that the coil has a small resistance and hence
a low power dissipation. However, the diameter of the
known coil cannot be reduced to a sufficient extent due
to the above-mentioned requirements imposed on the
coil.

In the device according to the invention, as shown in
FIG. 2, the diameter of the coil 20 can be reduced in
comparison with the coil 10, namely by filling up the
opening with a core 21 with a transparent material, for
example, glass. Since the core has a refractive index of
more than 1.0, the rays entering the core are bent
towards the normal so that the apex angle 2a of the
focused beam 4 in this core is smaller than in an air core.
Consequently, the beam 24 at the location of the upper
side of the coil may have a smaller cross-section for
obtaining the same spot 5 on the recording layer 7 as
compared with the case of an air-cored coil. While the
distance between the coil and the record carrier remains
the same, the winding may have a smaller inner diame-
ter 22 as is illustrated by the comparison of FIGS. 1 and
2. The inner diameter of the winding is made as small as
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possible, without vignetting, by choosing the diameter
of the core to be equal to the maximum diameter of the
radiation beam 24 in the core, possibly increased by a
small manufacturing tolerance, and by providing the
winding directly on the core or on a thin intermediate
layer on the core. For conventional devices the reduc-
tion of the core diameter is between 20% and 40% of
the height of the winding, dependent on the numerical
aperture (NA) of the lens 3 and the refractive index of
the core. It is preferred to use a material having a high
refractive index for the core because the reduction in-
creases with the refractive index.

The transparent core is preferably also soft-magnetic.
It is to be noted that a coil having a transparent, mag-
netic core is known from Japanese Patent Application
No. 3-181 045. However, in this coil no measures have
been taken to reduce the inner radius of the winding so
as to increase the magnetic field.

If the diameter of the winding 20 according to the
invention is 10% smaller than that of the known colil, it
yields a 109 larger magnetic field at the location of the
spot S when the same current is supplied to the coil.
Moreover, since the impedance of the coil, composed of .
a resistance part and a reactance part, is at least 10%
smaller than that of the known coil, the field is at least.
20% larger than that of the known coil in the case of the
same power consumption. Since the core changes the
vergence of the beam 24, the distance between the lens
3 and the record carrier 6 will be larger so that there
will be more space for accommodating the coil between
the lens and the record carrier. A typical winding for
high-frequency writing of information has an inner
diameter of 0.1 mm and a height of 0.1 mm, while the
distance between the lower side of the coil and the spot
is 0.1 mm.

FIG. 3 shows a special embodiment of the coil ac-
cording to the invention. The core 31 has the shape of a
truncated cone so that the inner diameter of the coil is in
compliance with the shape of the focused beam 34 in the
core. Consequently, additional turns having also an
extra small diameter can be arranged at the lower side
of the coil 30. Due to said dependence of the generated
magnetic field on the geometry of the winding, these
additional turns contribute to the field at the location of
the spot 5 to a relatively large extent. As compared with
the coil 20 shown in FIG. 2, the increase of the field at
the location of the spot due to the core shape shown in
FI1G. 3 may be 10%.
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If the core 21 or 31 shown in FIGS. 2 and 3 is made
of, for example glass or plastic, it can be used as a wind-
ing jig in the manufacture of the coil 20 or 30. If the coil
is made on another winding jig, the core of the coil may
be filled after winding with a viscous transparent syn-
thetic material which is subsequently cured, for exam-
ple by means of ultraviolet radiation. -

The end surfaces 27 or 37 of the core 21 and 31, as
shown in F1GS. 2 and 3, may be given a curvature, i.e.
a non-plane shape at the upper side and/or the lower
side.. By giving one of the sides of the end surface a
small deviation, referred to in literature as making
aspherical, it is possible to correct for optical aberra-
tions. When a lens 3 is used which is designed for a
device with an air core 11 in the radiation beam 4, the
provision of a core having a higher refractive index will
cause spherical aberration in the radiation path. This
aberration can then be compensated for by means of an
aspherical surface on the core. Such a surface can easily
be realised by making use of a mould having the desired

shape, for example, when the core is being made of a
transparent synthetic material. The core may also be
given optical power by means of said curvature so that
the core will have 2 converging effect and can take over
a part of the function of the lens 3. -

FIG. 4 shows a device in which the core 41 and the
lens 43 are integrated. The lens-and the core may be
cemented together or they may form a single optical
element. The core in FIG. 4 may have a plane surface
47 so that the core can be manufactured more easily and
hence at lower cost, while the required quality of the
spot 5 is realised when using a satisfactory lens design.

To inhibit reflection losses on the surfaces such as 36
and 37 of the core 31, these surfaces may be provided
with an anti-reflection coating.

It is recommendable to provide the winding 10 with
a protective coating at the lower side of the coil so that
the vulnerable turns are not damaged in case of contact
with the record carrier. The winding may also be pro-
tected by causing the lower side, for example side 37 of
the core 31, to project slightly below the coil so that
only this part may come into contact with the record
carrier. This core part is preferably given a convex
shape. This has the further advantage that the rays in
the core extend more parallel to the optical axis than
when using a flat lower side so that the diameter of the
core of the coil can even be further reduced.

By providing the coil with a2 yoke 15 of magnetic
material, the magnetic field at the location of the spot §

is further increased. The magnetic material may be, for
example ferrite. The geometry of the yoke shown in
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FIG. 4 shows the greatest increase of the field. It is
found that addition of turns to the lower side of the
winding 40 yields a greater increase of the field than
providing magnetic material at that side. The increase
of the field by providing the yoke may be a factor of 1.7,
dependent on the geometry of the coil. If the field re-
mains the same, the current through the coil with the
yoke can be decreased by this factor and the dissipation
in the coil can be reduced by a factor of 3. The yoke 15
has the additional advantage that it enhances the dissi-
pation of heat generated in the coil so that the coil can
carry a larger current and hence generate more field. A
yoke 15, which is of course provided with an aperture
to pass the radiation beam 24 or 34, may alternatively be
used in the devices shown in FIGS. 2 and 3.

As is known, 2 magneto-optical record carrier can be
read by means of the device described hereinbefore.
The coil is then not energized and the beam 4 whose
intensity is decreased is used as a read beam. The state
of polarisation of the read beam is changed by the in-
scribed magnetic domains. The beam from the record
carrier is coupled out of the path of beam 4 by a beam
separator, whereafter the change of the state of polari-
sation can be detected. For further details about reading
and erasing, reference is made to European Patent Ap-
plication no. 0 341 778, to which U.S. Pat. No. 5,014,254
corresponds.

REPLACEMENT SHEET




A

We claim:

1. A device for scanning a magneto-optical recording
layer, comprising a radiation source and an objective
system for forming a radiation beam which is focused to
a scam.ting spot on the recording layer, a magnet coil
comprising a winding with an opening arranged be-
tween the objective system and the recording layer for
generating a magnetic field at the location of the scan-
ning spot, and a core disposed within said opening,
characterized in that the core comprises a transparent

non-magnetic material disposed throughout the
height of the winding, said material having an
index of refraction such that the vergence of the
radiation in the core is smaller than the vergence of
the radiation beam in the medium surrounding the
coil, and

the coil is arranged to have an opening whose inner

diameter has 2 maximum value substantially equal

to the maximum diameter of the radiation beam
within the coil opening.

2. A device as claimed in claim 1, characterized in
that said core is shaped as a truncated cone having an
apex angle equal to the apex angle of the radiation beam
in the core. . :

3. A device as claimed in claim 1, characterized in
that said objective system is integrated with said core.

4. A device as claimed in claim 1, characterized in
that said core has an end surface, facing the scanning
spot, projecting from the winding opening.

§. A device as claimed in claim 4, wherein said wind-
ing has a radially outer perimeter and a side remote
from said scanning spot, characterized in that said coil
further comprises a yoke made of magnetic material,
extending at least around the radially outer perimeter of
the winding.

6. A device as claimed in claim 5, wherein said yoke
additionally extends over only said side of the winding
remote from said scanning spot.

7. A device as claimed in claim 3, wherein said wind-
ing has a radially outer perimeter and a side remote
from said scanning spot, characterized in that said coil
further comprises a yoke made of magnetic material,
extending at least around the radially outer perimeter of
the winding.

8. A device as claimed in claim 7, wherein said yoke
additionally extends over only said side of the winding
remote from said scanning spot. _

9. A device as claimed in claim 1, wherein said wind-
ing has a radially outer perimeter and a side remote
from said scanning spot, characterized in that said coil
further comprises a yoke made of magnetic material,
~ extending at least around the radially outer perimeter of
the winding.
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10. A device as claimed in claim 9, wherein said yoke
additionally extends over only said side of the winding
remote from said scanning spot.

11. A device for scanning a magneto-optical record-
ing layer, comprising a radiation source and an objec-
tive system for forming a radiation beam which is fo-
cused 10 2 scanning spot on the récording layer, a mag-
net coil comprising a winding with an opening arranged
between the objective system and the recording layer
for generating a magnetic field at the location of the
scanning spot, and a core disposed within said opening,

characterized in that the core comprises a transparent

material disposed throughout the height of the
winding, said material having an index of refraction
such that the vergence of the radiation in the core
is smaller than the vergence of the radiation beam
in the medium surrounding the coil,

said core has at least one curved end surface, and

the coil is arranged to have an opening whose inner

diameter has a maximum value substantially equal
to the maximum diameter of the radiation beam
within the coil opening.

12. A device as claimed in claim 11, characterized in
that said core is shaped as a truncated cone having an

apex angle equal to the apex angle of the radiation beam
in the core.

13. A device as claimed in claim 11, characterized in
that said curved end surface faces the scanning spot, and
projects from the winding opening. -

14. A device as claimed in claim 11, wherein said
winding has a radially outer perimeter and a side remote
from said scanning spot, characterized in that said coil
further comprises a yoke made of magnetic material,
extending at least around the radially outer perimeter of
the winding.

15. A device as claimed in claim 14, wherein said
yoke additionally extends over only said side of the
winding remote from said scanning spot.

16. A device for scanning a magneto-optical record-
ing layer, comprising a radiation source and an objec-
tive system for forming a radiation beam which is fo-
cused to a scanning spot on the recording layer, a mag-
net coil comprising a winding with an opening arranged
between the objective system and the recording layer
for generating a magnetic field at the location of the
scanning spot, and a core disposed within said opening,

characterized in that the core comprises a transparent

non-magnetic material disposed throughout the
height of the winding, said material having an
index of refraction such that the vergence of the
radiation in the core is smaller than the vergence of
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the radiation beam in the medium surrounding the
coil,

said core has at least one curved end surface, and

the coil is arranged to have an opening whose inner

diameter has a maximum value substantially equal
to the maximum diameter of the rad:auon beam
within the coil opemng

17. A device as claimed in claim 16, characterized in
that said core is shaped as a truncated cone having an
apex angle equal to the apex angle of the radiation beam
in the core. _

18. A device as claimed in claim 16, characterized in
that said objective system is mtegrated with said core,
and .

said core has an end surface, facing the scanning spot,

projecting from the winding opening,

19. A device as claimed in claim 18, wherein said
. ‘winding has a radially outer perimeter and a side remote
from said scanning spot, characterized in that said coil
further comprises a yoke made of magnetic material,
extending at least around the radially outer perimeter of
the winding.

20. A device as claimed in claim 19, wheremsald
yoke additionally extends over only said side of the

winding remote from said swmmg spot.
_ s & & 3
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ABSTRACT

A device for writing, reading or erasing a record carrier
has a coil with a winding arranged between an objective
lens and the record carrier. Optical radiation is focused
to a spot, the converging beam passing through the coil
opening. A core of a transparent material, having an
index of refraction which significantly decreases ver-
gence of the focused beam, is placed in the winding
opening. As a result the diameter of the coil can be
reduced, and permit increase of the generated magnetic
field. '

Figure 2
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