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Method of and apparatus for writing and reading a magneto-optical record carrier.

The invention relates to a method of writing
and subsequent reading of information in a
magneto-optical information layer of a record car-
rier by means of diode laser radiation, which radi-
ation is focused to a diffraction-limited radiation
spot on the information layer, and by means of a

movement of said radiation spot and the record .

carrier relative to each other, information being
written by locally changing, at the location of the
radiation spot formed by the write beam, the direc-
tion of magnetization of areas in the information
fayer by means of a diode’ laser write beam and a
magnetic field, the information areas thus formed
being read by dstection of the variation, caused by
the information areas, of the state of polarization of
a diode laser read beam. The invention aiso relates
to an apparatus for performing the method and to a
magneto-optical record carrier suitable for use of
said method.

Such a method and apparatus are known from,
for example the Article "Experiments towards an
erasable Compact Disc Digital Audic System” in
"Audio Engineering Society”, 73 Conv., 1983, pp.
1-14 and the associated nine Figures. The appara-
tus described in this Article comprises a diode
laser for supplying a write beam as well as a read
beam. The two beams are focused to a diffraction-
limited radiation spot having a half value width of
the order of 1 wm. The size of the written informa-
tion area, in the form of a magnetic domain, is
determined by the dimension of this radiation spot.
in the known system the information area is round
and has a diameter of the order of 1 um and the
information density is of the order of 400,000 bits
per mm2. The information density may be in-
creased to approximately 1,000,000 bits per mm2,

There is an ever increasing need of information
densities which are larger than the ones stated
above, so that more information can be recorded in
a record carrier of the same dimensions. To this
end it must be possible to write and read informa-
tion areas in a magneto-optical record carrier,
which areas are smaller than the ones that have
hitherto been conventional. Within the present con-
cept of magneto-optical information recording in
which one radiation source and one radiation spot
are used for writing and reading, the envisaged
object can be realised by reducing this radiation
spot.

Since the size of the diffraction-limited radiation
spot is proportional to MNA, in which \ is the
wavelength of the radiation used and NA is the

numerical aperture of the objective system used, -

the radiation spot can only be reduced by decreas-
ing the wavelength and/or increasing the numerical
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aperture. An increase of the numerical aperture.

involves a decrsase of the depth of focus of the
radiation beam, so that the requirements imposed
on the focusing of the radiation beam will become
more stringent. Moreover, an objective system hav-
ing a larger numerical aperture is more sensitive to
aberrations so that more stringent tolerance re-
quirements must be imposed on the write-read
apparatus. li it is desirable to continue the use of a
diode laser as a radiation source, which is neces-
sary in a2 mass product which the magneto-optical
write~read apparatus is intended to be, it is not a
real possibility to decrease the wavelength of the
radiation beam, because there are no short
wavelength diode lasers which have a sufficiently
high power for the writing operation.

The present invention provides a novel concept
of magneto-optical information racording enabling
known techniques to be combined in such a way
that an increase of the information density on a
magneto-optical record carrier can be realised with
simple means.

This novel concept results in a novel method of
writing and reading a magneto-optical record car-
rier, which is characterized by the following com-
bination of measures:

- information areas, whose dimension in the direc-
tion of movement is smaller than that of the write-
radiation spot, are written by switching the mag-
netic field in time intervals which are shorter than
the time interval required to move the record car-
rier and the radiation spot with respect to each
other over a distance which is equat to the dimen-
sion of the radiation spot in the direction of move-
ment,

- reading is effected by means of a diode laser
beam whose wavelength is shorter than that of the
diode laser beam with which writing is effected.

Since the writing and reading operations no
fonger require one and the same radiation beam,
but beams with different wavelengths and different
powers, greatly reducad information areas can be
written by means of known techniques and these
areas can be read with a greatly reduced read
spot, while nevertheless using conventional diode
lagers.

it is to be noted that it is known per se, for
example from German Patent Application no.
3,200,134, to provide information areas in the form
of magnetic domains in a magneto-optical record
carrier by means of a scanning laser beam focused
to a radiation spot and by means of a magnetic
field switched at a high frequency, such the dimen-
sions of these information areas in the scanning
direction is smaller than the dimension of the radi-
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ation spot. In this method the entire area of the
information layer under the radiation spot is first
magnetized in a direction opposed to the original
direction of magnetization of the information layer.
Subsequently, while a part of the radiation spot is
stitl over the said area. the magnetic field is re-
versed so that the said part of the area again
acquires the original direction of magnetization.
The German Patent Appiication no. 3,200,134 does
not state how the magnefic domains thus obtained
with a reduced dimension in the scanning direction
can bhe read.

Furthermors, it is known, for example from the
Article "Blue-Light Laser ups CD Density" in
"Electronics”, August 1988, p. 48 that when read-
ing an optical record carrier use can be made of
the combination of a conventional diode laser
which emits inirared radiation and a so-called fre-
quency doubler in the form of a non-linear optical
crystal. This combination yields a blue laser beam
having a wavelength of the order of 400 nm with
which a read spot can be formed whose diameter
is approximately half that of a radiation spot formed
by a beam from the diode laser alone. However,
this Article also states that the intensity of the blue
radiation spot is too small to write information areas
with it and that the reduced information areas can
only be written with a blue laser of a higher power,
such as a gas laser.

According to the present invention the tech-
niques described in the two above-mentioned Arti-
cles are combined for the first time, which is possi-
ble by abandoning the idea that one radiation
source must be used for writing and reading a
magneto-optical record carrier.

By using the inventive concept the dimension
of the information areas in the scanning direction is
considerably reduced so that the information den-
sity in this direction is considerably increased.

To increase the information density also in a
direction transverse fo the scanning direction, use
is made, in accordance with a second aspect of the
present invention, of a record carrier which is char-
acterized by a structure of previously provided
tracks whose width substantially determines the

" width of the information areas.

Since the fracks are physically or geometncal!y
distinguished from the rest of the information layer,
it is achieved that the information areas remain
enclosed within the tracks. In principie, this re-
duces the risk of crosstalk and the tracks may be
located slightly closer to one another, provided that
it is prevented that. the read spot covers not only a
track to be read but also a part of a contiguous
track.

This record carrier is preferably further char-
acterized in that the period of the track structure,
transverse to the track direction, is smaller than 1.4
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um.

This track period is smaller than the frack pe-
riod conventionally used in the current optical
record carrier, which conventional period is chosen
to be able to use simple optical systems and

-conventional dicde lasers.

A first embodiment of a record carrier in which
the effect of enclosure of the information areas
within the tracks is realised, is characterized in that
the track structure is a relief structure and in that
the magneto-optical layer has a constant thickngss
and comprises a material in which during writing
information areas are formed by means of mag-
netic domains starting from a core and expanding
outwardly.

in this material, which is referred to as bubble-
model material in literature, for example in the
Article "Thermomagnetic Writing in TbFe: Modei-
ling and Comparison with Expsriment” in "J. Appin.
Phys.” 64 (1), July 1888, pp. 252-261, a magnetic
domain is formed in that firstly a small magnstic
domain (core) is formed in the centre of the write
spot and subsequently the wall of this core moves
outwards provided with sufficient energy is sup-
plied. The relief tracks may consist of grooves in or
ridges on a support of the magneto-optical ma-
terial, which tracks have walls with a given slope so
that the transitions from the boftorn or the top of a
track to the wall thereof are sharply kinked. These
walls constitute a barrier against the expansion of a
domain outside the track. In order to cause the
domains to expand outside a track, a quantity of
extra energy is required which is not available
because the radiation spot is moved at a compara-
tively large speed relative to the record carrier.

The first embodiment of the record carrier is,
for example further characterized in that the
magneto-optical material is an alloy of Gadoliniumn-
Terbium-iron.

This material has an outstanding "bubble" ef-
fect and, if combined with a relief track structure, it
is well suitable to attain the desired constriction of
the information areas.

it is to be noted that it is known per se, for
example from the above-mentioned Article in
"Audio Eng., Soc.”, 73rd Conv. 1983, pp. 1-14, t0
make use of a record carrier with previously pro-
vided tracks in a magneto-optical information re-
cording system. In the known systems these tracks
are only used as servo-tracks so as to achieve that
the information areas are inscribed in accordance
with accurately determined tracks. In the system
according to the present invention these tracks are
also used to limit the dimension of the information
areas transverse to the track direction.

Another record carrier according to the inven-
tion, in which the effect of enclosure of the do-
mains within the tracks is realised, is characterized
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in that the magneto-opticai layer within the tracks
has a greater sensitivity to magnetization than out-
side the fracks.

A first embodiment of this record carrier is
characterized in that the magnetc-optical layer
within the tracks has a different chemical composi-
tion than outside these tracks.

Consequently, the energy required for forming
a magnetic domain within a track is smaller than
the energy required for forming a magnetic domain
outside a track. -

A second embodiment of this record carrier is
characterized in that the thickness of the magneto-
optical layer within a track is different from that
outside a track.

It is to be noted that it is known per se from
United States Patent 4,176,377 to provide fracks in
an optical record carrier which are more sensitive
to the write energy than are areas outside the
tracks so as to be able to form narrow information
argas with a relatively large write spot. However,
the information areas of the known record carrier
are not reduced in the frack direction as well.
Moreover, United States Patent 4,178,377 does not
reveal how the constricted information areas can be
read optimally.

The use of record carriers with narrow tracks
only makes sense in combination with the method
according to the invention, because it is only then
that during writing the possibilities of this record
carrier can be utilized to an optimal extent with
relatively simple means and that subsequently the
information tracks can be read without any cros-
stalk.

A further aspect of the invention relates to the
apparatus for performing the novel method. This
apparatus, which comprises a radiation source for
supplying a scanning beam, an objective system
for focusing the scanning beam to a scanning spot
on the information layer, a magnetic system for
generating a magnetic field at the location of the
scanning spot and a radiation-sensifive detection
system for converting radiation from the record
carrier into electric signals, is characterized in that
the radiation source is a composite source for
supplying a write radiation beam having a first
wavelength and a first intensity for forming a write
radiation spot, and for supplying a read radiation
beam having a second wavelength, which is shorter
than the first wavelength, and a second intensity,
which is smaller than the first intensity, for forming
a read radiation spot which is smaller than the write
radiation spot. ‘

This apparatus is preferably further character-
ized in that the radiation source is constituted by a
first diode laser for supplying a write radiation
. beam having a first wavelength and by an assem-
bly of a second diode laser and an opticai
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frequency-doubling element for supplying a read
radiation beam having a second wavelength of the
order of half the first wavelength.

If a diode laser becomes available which itself
emits the short-wave blue radiation with a sufficient
power, such a blue diode laser can be used for
reading instead of the said assembly of a red diode
laser and a frequency-doubling element.

A second embodiment of the apparatus is
characterized in that the radiation source is con-
stituted by one diode laser, a controllable deflec-
tion element arranged in the path of the diode laser
beam for selecting one of two radiation paths for
the diode laser beam, and a frequsncy-doubling
element arranged in one of the two radiation paths.

The deflection elerent may be constituted by
an adjustable refractive or reflective element, such
as a prism, but also by an electro-optical element,
for example an electro-optical modulator such as a
so-called Bragg deflector.

Embadiments of the invention will now be de-
scribed in greater detail with reference to the ac-
companying drawings in which

Fig. 1 shows a known write-read apparatus
for a magneto-optical record carrier,

Fig. 2 shows in a cross-section a part of an
information track inscribed by means of this ap-
paratus,

Fig. 3 shows the dimension of the informa-
tion areas inscribed by means of the known ap-
paratus relative to the dimension of the write spot
and the read spot used in this apparatus,

Fig. 4 shows the dimension of the informa-
tion areas inscribed by means of the apparatus
according to the invention relative to the write spot
and the read spot used in this apparatus,

Fig. 5 illustrates the principle of writing short-
ened information areas,

Fig. 6 shows an embodiment of the
magneto-optical write and read apparatus accord-
ing to the invention,

Figs. 7a and 7b show alternative embodi-
ments of the composite radiation scurce to be used
in this apparatus,

Fig. 8 shows in a radial cross-section a part
of a first embodiment of a magneto-optical record
carrier with previously provided tracks,

Fig. 9 shows the dimensions of information
areas inscribed in such a record carrier relative to
the dimension of the write spat and the read spat,
and

Figs. 10 and 11 show in radial cross-sections
parts of a second and a third embodiment of a
magneto-optical record carrier with previously pro-
vided {racks.

in Fig. 1 the referesnce numeral 1 denotes a
magneto-optical record carrier comprising a trans-
parent substrate 2 and a magnstic information layer

[
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3. This information layer is irradiated by a radiation
beam b supplied by 2 source 10. This source is
constituted by a diode laser, for example an Al-
GaAs laser which emits radiation at a wavelength of
the order of, for example 800 nm. A part of the
radiation emitted by the diode laser is received by
a collimator lens 11 and is focused to a diffraction-
limited scanning spot V with a half value width of
the order of 1 um in the information piane by an
objective system 12 which is shown diagrammati-
cally by means of a single lens.

information areas in the form of magnetic do-
mains can be written in the layer 3 by controlling
the diode laser in such a way that it emits light
pulses having a pulse duration of, for example 50
nsec and intervals of, for example 250 nsec. The
peak power of such a pulse is, for example 40
mWatt of which ultimately, for example 10 mWatt
reaches the radiation spot V due’to losses in the
radiation path. This power is sufficiently high to
heat the area on the information layer 3 {fo a given
temperature, for example 200° C. The magnetic
layer 3 is premagnetized in a given direction, in-
dicated by the arrow M. By heating the layer 3 at
the location of the radiation spot V, the coercive

. force in situ decreases and the direction of mag-

netization can be locally reversed, in accordance
with the arrow Mz in Fig. 1, by means of a rela-
tively small external magnetic field generated with
the aid of a magnetic coil 13. After the laser pulse
has been terminated, the mafterial of the layer 3
cools down again, freezing, as it were, the direction
of magnetization Ms.

By moving the radiation spot V and the record
carrier 1 with respect to each other, for example by
rotating the record carrier around the shaft 15 in
the case of a round disc-shaped record carrier, a
plurality of information areas can be written one
after the other in the scanning direction so that an
information track is obtained. Fig. 2 shows a small
portion of such an information track in a cross-
section. The areas of the information layer 3 where
the direction of magnetization has bsen reversed
(Mz) are indicated by information areas 4 and the
areas which have maintained the original direction
of magnetization (M:) are referred to as intermedi-
ate areas 5. A plurality of tracks can be written one
next to the other by moving the radiation spot V
and the record carrier 1 with respect {0 each other
in a direction perpendicular to the plane of the
drawing in Fig. 1, which in the case of a round
disc-shaped record carrier is the radial direction.

There are different possibilities of writing the
information. In the first place, as already stated
hereinbefore, the control current for the diode laser
10 can be modulated by means of the control

circuit 16 with the information signal S; to' be writ-

ten, so that the ‘laser emits radiation pulses in
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accordance with the signal to be written. The mag-

netic field is then continuously present during the
writing process.

A second possibility is to switch the magnetic
field bstween the directions My and Mz in accor-
dance with the information to be written. Then the
signal S; to be written is applied to a control circuit
14 which supplies the electric current for the coil
13. The diode laser can then either supply a con-
tinuous beam or a beam pulsed at a fixed fre-
quency, a so-called clock frequency.

When reading the written information, use is
made again of the diode laser 10 in the apparatus
according to Fig. 1. However, this laser is then
operated at a considerably lower power, for exam-
ple ten times lowsr, than during the writing pro-
cess, so that the recorded information is not af-
fected. Preferably, the record carrier is reflecting so
that the beam incident on the information layer and
modulated by this layer in accordance with the
written information is reflected towards the objec-
tive system 12. The radiation path incorporates a
semi-transparent element, for example a 70%
transparent mirror or prism 17 which reflects a
portion of the reflected and modulated read beam
b’ towards a radiation-sensitive detection system
18. in the embodiment of Fig. 1 a lens 19 for
concentrating the radiation on the detection system
18 is arranged between the element 17 and th:s
system.

Reading of the information layer is based on
the change which the information areas, or do-
mains, 4 cause in the state of polarization of the
read beam. To detect this change, a polarization
analyser 20 is arranged in the radiation path in
front of the detection system 18, which analyser
converts the polarization modulation into an inten-
sity modulation which is converted into an electric
signal So by the detection system. A polarizer 21
whose direction of polarization effectively extends
at an angle of, for exampie 85° to that of the
analyser 20 may be arranged in the radiation path
of the projected read beam b.

In order to be able to find out whether during
reading the read spot is centred on the information
track and/or whether the read beam is focused on
the information plane, a semi-transparent, for ex-
ample 80% transparent mirror or prism 22 may be
arranged in the radiation path of the reflected beam
b, which mirror or prism reflects a part of this
beam towards a second radiation-sensitive detec-
tion system 23. The electric signals supplied by
this detection system are used to correct tracking
and focusing. Also during writing the tracking and
focus servo-systems may be used, utilizing the part
of the write beam reflected by the record carrier.
For further particulars about writing and reading of
a magneto-optical record carrier and about the
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apparatus therefor reference may be made to the
above-mentioned Article in "Audio Eng. Soc.” 78th
Conv. 1983, pp. 1-14, and to the Arlicle "Erasable
. Magneto-Optical Recording” in "Philips Techn.

direction Mz at the instant to is magnetized again in
the original direction M. The result is that only a
small part, which is shaded in Fig. 5, of the area
present under the write spot at the instant fo is

Rev.” 42, No. 2, August 1985, pp. 37-47. 5§ magnetized in the direction Mz and forms an in-
in the apparatus according to Fig. 1 the write formation area, while the rest of this area is erased
spot and the read spot have the same dimension, again and is available for writing a subsequent
which dimension also determines the dimension of information area. This information area is subse-
the information areas. Fig. 3 shows the write spot quently written by switching the magnetic field in
V,, of this apparatus and a plurality of information 10 the direction My at the instant t2, when the centre
areas 4 written by means of this spot. The informa- of the write spot has reached the position C, and
tion areas are arranged in accordance withr an by swithcing the magnetic field back again in the
information track 30. This track is only partly writ- direction M; at the instant t;, when the centre of
ten. During writing the write spot moves to the right the spot has reached the position D. By switching
with respect to the information plane, in accor- 15 the external magnetic field, in the case of a write
dance with the arrow 32. In the situation shown in spot moving at a continuous speed relative to the
Fig. 3 the write spot is present above a non- record carrier, in time intarvals which are shorter
inscribed portion and at a position where a subse- than the time interval required to move the write
quent information area can be written. The informa- spot over a distance which is equal to its diameter,
tion track is afterwards read by means of the read 20  information areas can be written whose dimension
spot V, which is indicated at the left in Fig. 3. ) in the scanning direction is smatler than this dimen-
According to the present invention use is made sion of the write spot. These information areas may
of a radiation spot during writing which is diiferent have a dimension of, for example 0.35 um in the
from the radiation spot used during reading, the scanning or track direction, instead of the hitherto
purpose of which is to be able to write and read 25  conventional dimension of the order of 1 um. Thus,
smaller information areas than those shown in Fig. the information density in the track direction can be
3. Fig. 4 shows diagrammatically the principle of increased considerably.
this invention. Analogously as in Fig. 3, this Figure To be able to read these small information
shows inscribed information areas 4, the write spot areas in a discriminatory manner, a read spot must
V., and the read spot V,'. In principle, the write spot 30 be used whose dimension in the track direction is
V,, has the same dimension and intensity as that in of the same order as that of the information areas.
Fig. 3. This radiation spot is obtained by focusing, To be able to use the same objective system for
by means of the objective system 12 of Fig. 1, a forming this read spot and for forming the write
laser beam from, for example an AlGaAs diode spot, the wavelength of the read beam must be
laser which emits radiation at a wavelength of, for 35  considerably smaller than that of the write beam.
example 800 nm and has a sufficiently large power According to the invention the magneto-optical
for writing. This spot has a half value width of, for write and read apparatus may be provided with a
example 1 um. second radiation source which is composed of a
To be able to write information argas with a diode laser and a non-linear optical crystal in which
surface area which is smaller than the size of this 40  the frequency of the radiation emitted by the diode
write spot, use is made of the known principle laser is doubled through the phenomenon which is
illustrated in Fig. 5. In this Figure it is assumed that known as “second harmonic generation” or "SHG™.
the radiation spot is observed in the direction of the Doubling of the frequency of the laser radiation
ongoing beam b in Fig. 1. It has been assumed means halving the wavelength of this radiation.
that the write spot moves to the right at a speed 45 When using an infrared diode laser emitting a
VE with respect to the information plane. At the wavelength of the order of 800 nm, blue radiation
instant to the centre of the write spot V,, is at the with a wavelength of the order of 400 nm is then
position A. At that moment the exiernal magnetic obtained when using the second harmonic gener-
field has the direction of the arrow Mz in Fig. 1 and ator. A beam of this wavelength can be focused by
the entire circular area under the radiation spot is s the objective system 12 to a read spot whose
magnetized in that direction. At the instant 1 the diameter is half that of the write spot.
centre of the radiation spot V,, has reached the As has been noted in the Article "Blue Laser
point B. Then the direction of the magnetic field is ups CD Density" in "Electronics", August 1988, p.
reversed so that the area, which is now under the 48 in which the use of the blue diode laser module
spot V., is magnetized in the direction Mi. Since 55 for reading prerecorded audio discs known under

the distance between B and A is considerably
smailler than the diameter of the write spot, a large
part of the area which was magnetized in the

*

the name of "Compact Disc” has been described,
the efficiency of the second harmonic generator is
small and consequently the intensity of the blue
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laser radiation is low so that this diode laser mod-
ule cannot be used for writing information in an
optical record carrier. Therefore, this laser module
cannot be used in a magneto-optical write-read
apparatus in which only one radiation spot is used.

Since, according to the invention, separate ra-
diation spots are used for writing and reading, the
blue laser module can be used for obfaining the
read spot. The two radiation spots, which are both
supplied by dicde lasers, can now be optimized for
their specific functions, i.e. the write spot has such
an intensity that the material of the information
layer can be sufficiently heated therewith and the
read spot is sufficiently small to be abie to read the
narrow information areas in a discriminatory man-
ner.

Fig. 6 shows diagrammatically an embodiment
of the apparatus according to the invention. The
paramount difference with the apparatus of Fig. 1 is
that two radiation sources are used. The first
source, which consists of a diode laser 40 mounted
on a cooling block 41, supplies the write beam b,,.
This laser is, for example an AlGaAs diode laser
which emits radiation at a wavelength of the order
of 800 nm. The second radiation source is con-
stituted by a second diode laser 42, for example of
the same type as the laser 40, and a frequency-
doubling element 43, for example a Lithium-
Niobate crystal. The elements 42 and 43 may be
mounted on a separate cooling block 44, or on the
same cooling block as the laser 40. Lenses for
efficiently coupling the laser radiation in the fre-
guency doubler may be arranged between the di-
ode laser 42 and the frequency doubler 43. The
biue laser module may comprise a filter to prevent
infrared radiation from leaving the module.

As is shown in Fig. 8, the write beam b, is
focused to a write spot V., and the read beam b, is
focused to a read spot V., the latter being, for
example haif as large as the write spot and having
a considerably lower infensity.

In the embodiment of Fig. 6 an objective sys-
tem 45 is used which simultaneously fulfils the
function of the collimator lens 11 of Fig. 1 and
which moreover renders the lens 19 superfiuous.
The apparatus according to the invention may also
be composed of the elements shown in Fig. 1, or it
may have a different construction, provided that
two beams of different wavelengths and different
intensities are focused in this apparatus to a write
spot and a read spot, respectively, on the informa-
tion layer 3. Instead of an AlGaAs diods laser
having a wavelength of 800 nm, a different semi-
conductor laser with a different waveiength may be
used alternatively.

The invention may also be realised with one
diode laser only. Then an adjustable deflection
element must be incorporated in the radiation path
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for passing or nct passing the laser beam through
the frequency-doubling element. Figs. 7a and 7b
show two embodiments of a part of an apparatus
including such an element. In Fig. 7a this element
is an acousto-optical or an selectro-optical deflection
sloment 45. If this slement is energized with a
voltage V., a diffraction grating is formed therein
which diffracts the incident laser beam b towards
the frequency-doubling element 43. The beam b,
emerging from this slement then has a wavelength
which is half that of the beam b. If the element is
not energized, the laser beam is not deflected and
this beam is passed as a write beam b, with the
original wavelength to the objective system 35. Of
course the read beam b, should also pass through
the objective system.

In the embodiment of Fig. 7b a mirror 47 is
arranged behind the diode laser 41, which mirror
can be moved into and out of the radiation path, as
is denoted by the arrow 48. if the mirror has been
moved out of the radiation path, the laser beam b
is passed as a write beam b, to the objective
sytem 35. If the mirror has been moved into the
radiation path, the iaser beam b is passed to the
frequency-doubling element 43, for example via 2
second mirror 49, and a read beam b, is obtained.

A filter 46 may be arranged in the path of the
laser beam b,, which filter sither completely blocks
the rad laser radiation which may still emerge from
the element 43 or attenuates it in such a manner
that it cannot affect the written information. In the
latter case the red laser radiation can be used
during reading for generating a tracking-error signal
and/or a focus-error signal in the way as is known
for write and read apparatuses for optical record
carriers. -

Also in the apparatus using two diode lasers,
the red laser radiation can be used for generating
the said error signals when reading with blue laser
radiation. Moreover, the blue laser radiation can be
used for generating the error signals during writing
with red laser radiation.

It has been assumed in the foregoing that the
write laser supplies a continuous beam. However,
this laser is preferably pulse-controlled, a controf
signal being applied to the control circuit of this
laser, which signal is zero at the instant when the
magnetic field is switched in an analogous way as
in Fig. 1. This has the advantage that the edges of
the written domains 4 are defined more sharply so
that the information signal which has been read
contains less noise. Due to the shorter information
areas this measure has an even more favourable
effect than in a conventional magneto-optical
record carrier and apparatus. A pulsed laser, must
supply a higher peak power than with a continu-
ously operated laser.

So far, only an increase of the information
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density in the track direction has been described. A
second important aspect of the present invention
relates to the increase of the information density in
the direction transverse to the track direction.

The small read spot V, shown in Fig. 4 is
utilized to an optimum exient only in the track
direction for reading short information areas, i.e.
areas having a small dlmenswn in the track dirsc-
tion. Since the read spot Vr is also small in the
direction transverse to the track direction, narrow
information areas, i.e. areas with a small dimension
perpendicular to the frack direction can also be
read with this spot. According fo the invention this
possibility is used and furthermore narrow informa-
tion areas are written by making use of a record
carrier with a previously provided structure of nar-
row tracks and by writing the information areas in
these tracks. it is ensured that the magnetic do-
mains are substantially only formed within a track.
A first embodiment of a record carrier which is
suitable for this purpose comprises a relief track
pattern and a "bubble” material, for example an
amorphous afloy of gadolinium, terbium and iron.

Fig. 8 shows an embodiment of such a record
carrior. This Figure shows a small part of the
magneto-optical record carrier in a radial cross-
section. The record carrier comprises a transparent
substrate 2 of glass or a synthetic material on
which a layer 50 is provided in which the prefor-
med tracks are present in the form of grooves 51.
if the substrate is made of synthetic material, it is
not necessary {0 provide a separate layer 50 and
the grooves may be present in the substrate. The
grooves are separated from each other by consid-
erably wider intermediate areas or intermediate
tracks 52. The iayer 50 comprises, for example a
transparent cured polymsr, such as polycarbonate
(PC) in which the grooves 50 are provided by
means of the known repiica technique which is
used in the manufacture of "Compact Discs”.

The layer 50 is coated with a dielectric layer 53
which separates the layer 50 from the magneto-
optical fayer 54. The surface of the layer 54 has
the same structure as the layer 50 and is thus
provided with tracks 30" and intermediate tracks
31. The layer 54 comprises, for example an amor-
phous alloy of iron, gadolinium and ferbium and is
internally magnetized in a direction perpendicularly
to the record carrier surface. This layer is coated
with a reflecting layer 55, for example of aluminium
on which a protective layer 56 of, for example SiOz
or a lacquer layer may be provided. -~

As described in, for example the above-men-
tioned Article in "J. Appl. Phys.” 64 (1) July 1988,
pp. 252-282, when wfiting in a "bubble"” material,
firstly a small magnetic core is formed in the centre
of the radiation spot where the energy is largest, at
the conventional diffraction-limited radiation spot
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with a Gaussian intensity distribution. The wall of
this core is moved outwards so that the core grows
to a magnetrc domain. However, the walls of the
grooves 30" form a barier against this expansion,
especially if the transition between such a wall and
the bottom of a group has a considerable kink. To
overcome this barrier, extra energy would have to
be supplied. Since the time interval, in which the
write spot is present at the position to be written
and in which the magnetic field has a given direc-
tion, is so short that little energy can Isak from the
centre of the area to be written to the exterior
within this time interval, the magnetic domain is
enclosed, as it were, within the track and the Block-
wall of the magnetic domain coincides with a
groove wall.

in analogy with Fig. 4, Fig. 9 shows a small
part of a written track of the record carrier accord-
ing to Fig. 8. The length, in thé track direction 32,
of the information areas 4 is the same as that in
Fig. 4, but the width of the information areas is
smaller than that in Fig. 4 due to the chosen
smaller width of the grooves 30" of Fig. 8. This
groove width is, for example 0.5 um and the width
of the intermediate tracks 31, is, for example 0.6
um so that the information density in the radial
direction is increased by a factor of 1.5 with re-
spect to that of known record carriers having a
groove width of 0.6 um and an intermediate track
width of 1 um.

The preformed tracks may not only be formed
by grooves in the layer S4 but also by ridges on
this layer.

When using a relief frack structure with a given
frack depth or height, these tracks can also be
used during writing and reading for generating a
tracking-error signal in the manner as described in
United States Patent no. 4,363,116 for an inscriba-
ble optical record carrier.

in a second embodiment of a recerd carrier in
which narrow information areas can be written the
previously provided, narrowed ftracks have a great-
er magnetization sensitivity than the rest of the
information layer. The material within the tracks
may then have a different chemical compcesition
than the material outside the tracks. Fig. 10 shows
a part of such a record carrier in a radial cross-
section. This record carrier is distinguished from
that of Fig. 8 in that the layer 50 with the grooves
is absent and in that the magneto-optical layer 54
is flat. This layer comprises strips whase chemical
composition slightly deviates from the rest of the
layer, which sfrips constitute the tracks 30'.

Fig. 11 is a radial cross-aectlon of a part of a
record carrier in which the tracks 30 have a great-
er magnetization sensitivity than their ambience 31
because the magneto-optical layer 54 is thinner at
the area of the tracks than outside the tracks.
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Consequently the material within the tracks is
brought to the desired temperatures at an earlier
instant than the material in the rest of the laysr so
that the magnetization direction is only reversed
within the tracks at a given speed of the write spot
with respsct to the record carrier. -

Figs. 10 and 11 also show that the protective
layer 56 may be a thicker lacquer layer with a flat
upper side instead of the thin SiOz layer with a
profile, shown in Fig. 8.

Claims

1. A method of writing and subsequent reading

of information in a magneto-optical information lay-
er of a record carrier by means of diode laser
radiation, which radiation is focused to a diffraction-
fimited radiation spot on the information layer, and
by means of a movement of said radiation spot and
the record carrier relative to each other, information
being written by locally changing, at the location of
the radiation spot formed by the write beam, the
direction of magnetization of areas in the informa-
tion layer by means of a diode laser write beam
and a magnetic field, the information areas thus
formed being read by detection of the variation,
caused by the informaticn areas, of the state of
polarization of a diode laser read beam, character-
ized by the following combination of measures:
- information areas, whose dimension in the dirac-
tion of movement is smaller than that of the write
radiation spot, are writtenby switching the magnetic
field in time intervals which are shorter than the
time interval required to move the record carrier
and the radiation spot with respect to each other
over a distance which is equal to the dimension of
the radiation spot in the direction of movement, and
- reading is effected by means of a diode laser
read beam whose wavelength is shorter than that
of the diode laser beam with which writing is effec-
ted.

2. A record carrier suitable for use of the
method as claimed in Claim 1, characterized by a
structure of previously provided tracks whose width
substantially determines the width of the informa-
tion areas.

3. A record carrier as claimed in Claim 2,
characterized in that the period of the track struc-
ture, transverse ic the track direction, is smaller
than 1.4 um.

4. A record carrier as claimed in Claim 2 or 3,
characterized in that the track structure is a relief
structure and in that the magneto-optical layer has
a constant thickness and comprises a material in
which during writing information areas are formed
by means of magretic domains starting from a
core and expanding outwardly.
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5. A record carrier as claimed in Claim 4,
characterized in that the magneto-optical material
is an alloy of gadolinium, terbium and iron. ~

6. A record carrier as claimed in Claim 1,
characterized in that the magnetc-optical laver
within the tracks nas a greater sensitivity to mag-
netization than outside the tracks.

7. A-racord carrier as claimed in Claim 6,
characterized in that the magneto-optical layer
within a frack has a different chemical compaesiticn
than outside a track.

8. A record carrier as claimed in Claim 8,
characterized in that the thickness of the magnretc-
optical layer within a track is different from that
outside a track.

9. An apparatus for performing the method as
claimed in to Claim 1, comprising a radiation
sourcs for supplying a scanning beam, an objective
systern for focusing the scanning beam to a scan-
ning spot on the information layer, a magnetic
system for generating a magnetic field at the loca-
tion of the scanning spot and a radiation-sensitive
detection system for converting radiation from the
record carrier into electric signals, characterized in
that the radiaticn source is a composite source for
supplying a write radiation beam bhaving a first
wavelength and a first intensity for forming a write
radiation spot, and fer supplying a read radiaticn
beam having a second waveiength, which is shorter
than the first wavelength, and a second intensity,
which is smaller than the first intensity, for forming
a read radiation spot which is smaller than the write
radiafion spot.:

10. An apparatus as claimed in Claim 9, char-
acterized in that the radiation source is constituted
by a first diode laser for supplying a write radiation
beam having a first wavelength and by an assem-
bly of a second diode laser and an ogtical
frequency-doubling element for supplying a read
radiation beam having a seccnd wavelength of the
order of half the first wavelength.

11. An apparatus as claimed in Claim 8, char-
acterized in that the radiation source is constituted
by one diode laser, a controllable deflection ele-
ment arranged in the 'path of the diode laser beam
for selecting cne of ‘wo radiation paths for the
diode laser beam, and a frequency-doubling ele-
ment arranged in cne of the two radiation paths.
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Consequently the material within the tracks is
brought to the desired temperatures at an earlier
instant than the material in the rest of the layer so
that the magnetization direction is only reversed
within the tracks at a given speed of the write spot
with respect to the record carrier. ~

Figs. 10 and 11 also show that the protective
layer 56 may be a thicker lacquer layer with a flat
upper side instead of the thin SiOz layer with a
profile, shown in Fig. 8.

Claims

1. A method of writing and subsequent reading

of information in a magneto-optical information lay-
er of a record carrier by means of dicde laser
radiation, which radiation is focused to a diffraction-
limited radiation spot on the information layer, and
by means of a movement of said radiation spot and
the record carrier relative to each other, information
being written by locally changing, at the location of
the radiation spot formed by the write beam, the
direction of magnetization of areas in the informa-
tion layer by means of a diode laser write beam
and a magnetic field, the information areas thus
formed being read by dstection of the variation,
caused by the information areas, of the state of
polarization of a diode laser read beam, character-
ized by the following combination of measures:
- information areas, whose dimension in the direc-
tion of movement is smaller than that of the write
radiation spot, are writtenby switching the magnetic
field in time intervals which are shorter than the
time interval required to move the record carrier
and the radiation spot with respect to each other
over a distance which is equal to the dimension of
the radiation spot in the direction of movement, and
- reading is effected by means of a diode laser
read beam whose wavelength is shorter than that
of the diode laser beam with which writing is effec-
ted.

2. A record carrier suitable for use of the
method as claimed in Claim 1, characterized by a
structure of previously provided tracks whose width
substantially determines the width of the informa-
tion areas.

3. A rscord carrier as claimed in Claim 2,
characterized in that the period of the track struc-
ture, transverse to the track direction; is smaller
than 1.4 um.

4. A record carrier as claimed in Claim 2 or 3,
characterized in that the track structure is a relief
structure and in that the magneto-optical layer has
a constant thickness and comprises a material in
which during writing information areas are formed
by means of magnetic domains starting from a
core and expanding outwardly.
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5. A record carrier as claimed in Claim 4,
characierized in that the magneto-optical material
is an alloy of gadolinium, terbium and iron.

8. A record carrier as claimed in Claim 1,
characterized in that the magneto-optical layer
within the tracks has a greater sensitivity to mag-
netization than outside the tracks.

7. A record carrier as claimed in Claim 6,
characterized in that the magneto-optical layer
within a track has a different chemical composition
than outside a track.

8. A record carrier as claimed in Claim 6,
characterized in that the thickness of the magneto-
optical layer within a track is different from that
outside a track.

9. An apparatus for performing the method as
claimed in to Claim 1, comprising a radiation
source for supplying a scanning beam, an objective
system for focusing the scanning beam to a scan-
ning spot on the information layer, a magnetic
system for generating a magnetic field at the loca-
tion of the scanning spot and a radiation-sensitive
detection system for converting radiation from the
record carrier into electric signals, characterized in
that the radiation source is a composite source for
supplying a write radiation beam having a first
wavelength and a first intensity for forming a write
radiation spot, and for supplying a read radiation
beam having a second wavelength, which is shorter
than the first wavelength, and a second intensity,
which is smaller than the first intensity, for forming
a read radiation spot which is smaller than the write
radiation spot.

10. An apparatus as claimed in Claim 8, char-
acterized in that the radiation source is constituted
by a first diode laser for supplying a write radiation
beam having a first wavelength and by an assem-
bly of a second diode laser and an optical
frequency-doubling element for supplying a read
radiation beam having a second wavelength of the
order of half the first wavelength.

11. An apparatus as claimed in Claim 9, char-
acterized in that the radiation source is constituted
by one dicde laser, a controllable deflection ele-
ment arranged in the path of the diode laser beam
for selecting one of two radiation paths for the
diode laser beam, and a frequency-doubling ele-
ment arranged in one of the two radiation paths.
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