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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

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

radiation spot formed by the write beam, the divec- 70  diode laser as a radiation source, which is neces-
tion of magnetization of areas in the information sary in a2 mass product which the magneto-optical
jayer by means of a diode laser write beam and a write~read apparatus is intended to be, it is not a
magnetic field, the information areas thus formed real possibility to decrease the wavelength of the
being read by dstection of the variation, caused by radiation beam, because there are no short
the information areas, of the state of polarization of . 75  wavelength diode lasers which have a sufficiently
a diode laser read beam. The invention aiso relates high power for the writing operation.
to an apparatus for performing the method and to a The present invention provides a novel concept
magneto-optical record carrier suitable for use of of magneto-optical information racording enabling
said method. known techniques to be combined in such a way
Such a method and apparatus are known from, 20  that an increase of the information density on a
for example the Article "Experiments towards an magneto-optical record carrier can be realised with
erasable Compact Disc Digital Audic System” in simple means.
"Audio Engineering Society”, 73 Conv., 1983, pp. This novel concept results in a novel method of
1-14 and the associated nine Figures. The appara- writing and reading a magneto-optical record car-
tus described in this Article comprises a diode 25 rier, which is characterized by the following com-
laser for supplying a write beam as well as a read bination of measures:
beam. The two beams are focused to a diffraction- - information areas, whose dimension in the direc-
limited radiation spot having a half value width of tion of movement is smaller than that of the write-
the order of 1 wm. The size of the written informa- radiation spot, are written by switching the mag-
tion area, in the form of a magnetic domain, is 30 netic field in time intervals which are shorter than
determined by the dimension of this radiation spot. the time interval required to move the record car-
in the known system the information area is round rier and the radiation spot with respect to each
and hasa diameter of the order of 1 um and the other over a distance which is equat to the dimen-
information density is of the order of 400.000 bits sion of the radiation spot in the direction of move-
per mm2. The information density may be in- 35 ment,
creased to approximately 1,000,000 bits per mm2, - reading is effected by means of a diode laser
There is an ever increasing need of information beam whose wavelength is shorter than that of the
densities which are larger than the ones stated diode laser beam with which writing is effected.
above, so that more information can be recorded in Since the writing and reading operations no
a record carrier of the same dimensions. To this 40  fonger require one and the same radiation beam,
end it must be possible to write and read informa- but beams with different wavelengths and different
tion areas in a magneto-optical record carrier, powers, greatly reducad information areas can be
which areas are smaller than the ones that have written by means of known techniques and these
hitherto been conventional. Within the present con- areas can be read with a greatly reduced read
cept of magneto-optical information recording in 45  spot, while nevertheless using conventional diode
which one radiation source and one radiation spot lassrs.
are used for writing and reading, the envisaged it is to be noted that it is known per se, for
object can be realised by reducing this radiation example from German Patent Application no.
spot. 3,200,134, to provide information areas in the form
Since the size of the diffraction-limited radiation ~ so  of magnetic domains in a magneto-optical record

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

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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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 principle. this re-
duces the risk of crosstalk and the tracks may be
located slightly closer t0 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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-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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the energy required for forming a magnetic domain r0  characterized in that the radiation source is con-
outside a track. - stituted by one diode laser, a controllable deflec-
A second embadiment of this record carrier is tion element arranged in the path of the diode laser
characterized in that the thickness of the magneto- beam for selecting one of two radiation paths for
optical layer within a track is different from that the diode laser beam, and a frequsncy-doubling
outside a track. 15 element arranged in one of the two radiation paths.
It is to be noted that it is known per se from The deflection elerent may be constituted by
United States Patent 4,176,377 to provide fracks in an adjustable refractive or reflective element, such
an optical record carrier which are more sensitive as a prism, but also by an electro-optical element,
to the write energy than are areas outside the for example an electro-optical modulator such as a
tracks so as to be able to form narrow information 20  so-called Bragg deflector.
argas with a relatively large write spot. However, Embadiments of the invention will now be de-
the information areas of the known record carrier scribed in greater detail with reference to the ac-
are not reduced in the frack direction as well. companying drawings in which
Moreover, United States Patent 4,178,377 does not Fig. 1 shows a known write-read apparatus
reveal how the constricted information areas can be 25  for a magneto-optical record carrier,
read optimally. Fig. 2 shows in a cross-section a part of an
The use of record carriers with narrow tracks information track inscribed by means of this ap-
only makes sense in combination with the method paratus,
according to the invention, because it is only then Fig. 3 shows the dimension of the informa-
that during writing the possibilities of this record 30  tion areas inscribed by means of the known ap-
carrier can be utilized to an optimal extent with paratus relative to the dimension of the write spot
relatively simple means and that subsequently the and the read spot used in this apparatus,
information tracks can be read without any cros- Fig. 4 shows the dimension of the informa-
stalk. tion areas inscribed by means of the apparatus
A further aspect of the invention relates to the 35 according to the invention relative to the write spot
apparatus for performing the novel method. This and the read spot used in this apparatus,
apparatus, which comprises a radiation source for Fig. 5 illustrates the principle of writing short-
supplying a scanning beam, an objective system ened information areas,
for focusing the scanning beam to a scanning spot Fig. 6 shows an embodiment of the
on the information layer, a magnetic system for 40  magneto-optical write and read apparatus accord-
generating a magnetic field at the location of the ing to the invention,
scanning spot and a radiation-sensifive detection Figs. 7a and 7b show aiternative embodi-
system for converting radiation from the record ments of the composite radiation source to be used
carrier into electric signals, is characterized in that in this apparatus,
the radiation source is a composite source for 45 Fig. 8 shows in a radial cross-section a part
supplying a write radiation beam having a first of a first embodiment of a magneto-optical record
wavelength and a first intensity for forming a write carrier with previously provided tracks,
radiation spot, and for supplying a read radiation Fig. 9 shows the dimensions of information
beam having a second wavelength, which is shorter areas inscribed in such a record carrier relative to
than the first wavelength, and a second intensity, s0 the dimension of the write spot and the read spot,
which is smaller than the first intensity, for forming and
a read radiation spot which is smaller than the write Figs. 10 and 11 show in radial cross-sections
radiation spot. ‘ parts of a second and a third embodiment of a
This apparatus is preferably further character- magneto-optical record carrier with previously pro-
ized in that the radiation source is constituted by a 85  vided tracks.

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

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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t he magregktonaptitied &l 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

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-

objective system 12 which is shown diagrammati- 70 tinuous beam or a bsam pulsed at a fixed fre-
cally by means of a single lens. quency, a so-called clock frequency.

information areas in the form of magnetic do- When reading the written information, use is
mains can be written in the layer 3 by controlling made again of the diode laser 10 in the apparatus
the diode laser in such a way that it emits light according to Fig. 1. However, this laser is then
pulses having a pulse duration of, for exampie 50 15 operated at a considerably lower power, for exam-
nsec and intervals of, for example 280 nsec. The ple ten times lowsr, than during the writing pro-
peak power of such a pulse is, for example 40 cess, so that the recorded information is not af-
mWatt of which ultimately, for example 10 mWatt fected. Preferably, the record carrier is reflecting so
reaches the radiation spot V due’to losses in the that the beam incident on the information layer and
radiation path. This power is sufficiently high to 20 modulated by this layer in accordance with the
heat the area on the information layer 3 {o a given written information is reflected towards the objec-
temperature, for example 200° C. The magnetic tive system 12. The radiation path incorporates a
layer 3 is premagnetized in a given direction, in- semi-transparent element, for example a 70%
dicated by the arrow M. By heating the layer 3 at transparent mirror or prism 17 which reflects a
the location of the radiation spot V, the coercive 25  portion of the reflected and modulated read beam

. force in situ decreases and the direction of mag- b towards a radiation-sensitive detection system

netization can be locally reversed, in accordance 18. In the embodiment of Fig. 1 a lens 19 for
with the arrow Mz in Fig. 1, by means of a rela- concentrating the radiation on the detection system
tively small external magnetic field generated with 18 is arranged between the element 17 and th:s
the aid of a magnetic coil 13. After the laser pulse 30  system.
has been terminated, the material of the layer 3 Reading of the information layer is based on
cools down again, freezing, as it were, the direction the change which the information areas, or do-
of magnetization Ma. mains, 4 cause in the state of polarization of the

By moving the radiation spot V and the record read beam. To detect this change, a polarization
carrier 1 with respect to each other, for example by 35  analyser 20 is arranged in the radiation path in
rotating the record carrier around the shaft 15 in front of the detection system 18, which analyser
the case of a round disc-shaped record carrier, a converts the polarization modulation into an inten-
plurality of information areas can be written one sity modulation which is converted into an electric
after the other in the scanning direction so that an signal So by the detection system. A polarizer 21
information track is obtained. Fig. 2 shows a small 40  whose direction of polarization effectively extends
portion of such an information track in a cross- at an angle of, for exampie 85° to that of the
section. The areas of the information layer 3 where analyser 20 may be arranged in the radiation path
the direction of magnetization has bsen reversed of the projected read beam b.
(Mz) are indicated by information areas 4 and the In order to be able to find out whether during
areas which have maintained the original direction 45 reading the read spot is centred on the information
of magnetization (M:) are referred to as intermedi- track and/or whether the read beam is focused on
ate areas 5. A plurality of tracks can be written one the information plane, a semi-transparent, for ex-
next to the other by moving the radiation spot V ample 80% transparent mirror or prism 22 may be
and the record carrier 1 with respect fo each other arranged in the radiation path of the reflected beam
in a direction perpendicular fo the plane of the 50 b, which mirror or prism reflects a part of this
drawing in Fig. 1, which in the case of a round beam towards a second radiation-sensitive detec-
disc-shaped record carrier is the radial direction. tion system 23. The electric signals supplied by

There are different possibilities of writing the this detection system are used to correct tracking
information. In the first place, as already stated and focusing. Also during writing the tracking and
hereinbefore, the control current for the diode laser 55  focus servo-systems may be used, utilizing the part

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

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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V,, of this apparatus and a plurality of information the direction Mz at the instant tz, when the centre

areas 4 written by means of this spot. The informa-
tion areas are arranged in accordance withr an
information track 30. This track is only partly writ-
ten. During writing the write spot moves to the right

of the write spot has reached the position C, and
by swithcing the magnetic field back again in the
direction M; at the instant tz, when the centre of
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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for cannot be used in a magneto-optical write-read including such an element. In Fig. 7a this element
apparatus in which only one radiation spot is used. 5 is an acousto-optical or an selectro-optical deflection

Since, according to the invention, separate ra- sloment 45. If this slement is energized with a
diation spots are used for writing and reading, the voltage V., a diffraction grating is formed therein
blue laser module can be used for obtaining the which diffracts the incident laser beam b towards
read spot. The two radiation spots, which are both the frequency-doubling element 43. The beam b,
supplied by diode lasers, can now be optimized for 10 emerging from this slement then has a wavelength
their specific functions, i.e. the write spot has such which is half that of the beam b. If the element is
an intensity that the material of the information not energized, the laser beam is not deflected and
layer can be sufficiently heated therewith and the this beam is passed as a write beam b, with the
read spot is sufficiently small to be abie to read the original wavelength to the objective system 35. Of
narrow information areas in a discriminatory man- 15 course the read beam b, should also pass through
ner. the objective system.

Fig. 6 shows diagrammatically an embodiment In the embodiment of Fig. 7b a mirrar 47 is
of the apparatus according to the invention. The arranged behind the diode laser 41, which mirror
paramount difference with the apparatus of Fig. 1 is can be moved into and out of the radiation path, as
that two radiation sources are used. The first 20 is denoted by the arrow 48. if the mirror has been
source, which consists of a diode laser 40 mounted moved out of the radiation path, the laser beam b
on a cooling block 41, supplies the write beam b,,. is passed as a write beam b, to the objective
This laser is, for example an AlGaAs diode laser sytem 35. If the mirror has been moved into the
which emits radiation at a wavelength of the order radiation path, the iaser beam b is passed to the
of 800 nm. The second radiation source is con- 25 frequency-doubling element 43, for example via a
stituted by a second diode laser 42, for example of second mirror 48, and a read beam b, is obtained.
the same type as the laser 40, and a frequency- A filter 46 may be arranged in the path of the
doubling element 43, for example a Lithium- laser beam b, which filter either complstely blocks
Niobate crystal. The elements 42 and 43 may be the red laser radiation which may still emerge from
mounted on a separate cooling block 44, or on the 30  the element 43 or attenuates it in such a manner
same cooling block as the laser 40. Lenses for that it cannot affect the written information. In the
efficiently coupling the laser radiation in the fre- jatter case the red laser radiation can be used
guency doubler may be arranged between the di- during reading for generating a tracking-error signal
ode laser 42 and the frequency doubler 43. The and/or a focus-error signal in the way as is known
biue laser module may comprise a filter to prevent 35 for write and read apparatuses for optical record
infrared radiation from leaving the module. carriers.

As is shown in Fig. 8, the write beam b, is Also in the apparatus using two diode lasers,
focused to a write spot V,, and the read beam b, is the red laser radiation can be used for generating
focused to a read spot V,'. the latter being, for the said error signals when reading with blue laser
example half as large as the write spot and having <0  radiation. Moreover, the blue laser radiation can be
a considerably lower infensity. used for generating the error signals during writing

In the embodiment of Fig. 6 an objective sys- with red laser radiation.
tem 45 is used which simultaneously fulfils the It has been assumed in the foregoing that the
function of the collimator lens 11 of Fig. 1 and write laser supplies a continuous beam. However,
which moreover renders the lens 19 superfluous. 45  this laser is preferably pulse-controlied, a controf
The apparatus according to the invention may also signal being applied to the control circuit of this
be composed of the elements shown in Fig. 1, or it laser, which signal is zero at the instant when the
may have a different construction, provided that magnetic field is switched in an analogous way as
two beams of different wavelengths and different in Fig. 1. This has the advantage that the edges of
intensities are focused in this apparatus to a write 50  the written domains 4 are defined more sharply so
spot and a read spot, respectively, on the informa- that the information signal which has been read
tion layer 3. Instead of an AlGaAs diods laser contains less noise. Due to the shorter information
having a wavelength of 800 nm, a different semi- areas this measura has an sven more favourable
conductor laser with a different waveiength may be effect than in a conventional magneto-optical
used alternatively. 55 record carrier and apparatus. A pulsed laser, must

The invention may also be realised with one
diode laser only. Then an adjustable deflection
element must be incorporated in the radiation path

supply a higher peak power than with a continu-
ously operated laser.
So far, only an increase of the information
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information areas, i.8. 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-

10,h @7 P avhigh 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-

tion areas are written by making use of a record 15 wall of the magnetic domain coincides with a
carrier with a previously provided structure of nar- groove wall.
row tracks and by writing the information areas in in analogy with Fig. 4, Fig. 9 shows a small
these tracks. it is ensured that the magnetic do- part of a written track of the record carrier accord-
mains are substantially only formed within a track. ing to Fig. 8. The length, in thé track direction 32,
A first embodiment of a record carrier which is 20  of the information areas 4 is the same as that in
suitable for this purpose comprises a relief track Fig. 4, but the width of the information areas is
pattern and a "bubble” material, for example an smaller than that in Fig. 4 due to the chosen
amorphous afloy of gadolinium, terbium and iron. smaller width of the grooves 30" of Fig. 8. This
Fig. 8 shows an embodiment of such a record groove width is, for example 0.5 um and the width
camior. This Figure shows a small part of the 25 of the intermediate tracks 31, is, for example 0.6
magneto-optical record carrier in a radial cross- um so that the information density in the radial
section. The record carrier comprises a transparent direction is increased by a factor of 1.5 with re-
substrate 2 of glass or a synthetic material on spect to that of known record carriers having a
which a layer 50 is provided in which the prefor- groove width of 0.6 um and an intermediate track
med tracks are present in the form of grooves S1. 30  width of 1 um.
if the substrate is made of synthetic material, it is The preformed tracks may not only be formed
not necessary {0 provide a separate layer 50 and by grooves in the layer S4 but also by ridges on
the grooves may be present in the substrate. The this layer.
grooves are separated from each other by consid- When using a relief frack structure with a given
erably wider intermediate areas or intermediate 35 frack depth or height, these tracks can also be
tracks 52. The layer 50 comprises, for example a used during writing and reading for generating a
transparent cured polymsr, such as polycarbonate tracking-error signal in the manner as described in
(PC) in which the grooves 50 are provided by United States Patent no. 4,363,116 for an inscriba-
means of the known repiica technique which is ble optical record carrier.
used in the manufacture of "Compact Discs”. 40 in a second embodiment of a recerd carrier in
The layer 50 is coated with a dielectric layer 53 which narrow information areas can be written the
which separates the layer 50 from the magneto- previously provided, narrowed ftracks have a great-
optical fayer 54. The surface of the layer 54 has er magnetization sensitivity than the rest of the
the same structure as the layer 50 and is thus information layer. The material within the tracks
provided with tracks 30" and intermediate tracks 45 may then have a different chemical compcesition
31. The layer 54 comprises, for example an amor- than the material outside the tracks. Fig. 10 shows
phous alloy of iron, gadolinium and ferbium and is a part of such a record carrier in a radial cross-
internally magnefized in a direction perpendicularly section. This record carrier is distinguished from
to the record carrier surface. This layer is coated that of Fig. 8 in that the layer 50 with the grooves
with a reflecting layer 55, for example of aluminium  s¢  is absent and in that the magneto-optical layer 54
on which a protective layer 56 of, for example SiO: is flat. This layer comprises strips whase chemical
or a lacquer layer may be provided. - composition slightly deviates from the rgst of the
As described in, for example the above-men- layer, which strips constitute the tracks 30 .
tioned Article in "J. Appl. Phys.” 64 (1) July 1988, Fig. 11 is a radial cross-section of a part of a
pp. 252-282, when writing in a "bubble” material, 55 record carrier in which the tracks 30 have a great-

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

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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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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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 magnetc-
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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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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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 diode 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-
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within the tracks is realised, is characterized in that the track
structure is a relief structure and in that the nagneto-optical |ayer has
a constant thickness and conprises a ngb glggalkgd A1Whi ch during witing
informati on areas are fornmed by neans of mag- netic donmains starting from

a core and expanding outwardly. In this material, which is referred to
as bubble- nodel material in literature, for exanple in the Article
"Thernomagnetic Witing in TbFe: Mdel- ling and Conparison with

Experinment™ in "J. Appln.
Mmmnisfonmg'
N\

"7 / ,

\ 3 /
Vr

Physé" 64 §1), duly 1988, pp. 2539261,—33293@4*:etic

> FIG.5
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domai n (core) is formed in the centre of the wite spot and subsequently
the wall of this core noves outwards provided with sufficient energy is
sup- plied. The relief tracks may c i ooves in or ri dges on a
support of the magneto-optical na- ?%Eb%ﬁse\g&lﬂf:h tracks have walls with a
given slope so that the transitions fromthe bottomor the top of a
track to the wall thereof are sharply kinked. These wal |l s constitute a
barri er against the expansion of a domain outside the track. In order to
cause the dommins to expand outside gltr k, a quantity of extra energy
is required which is not avallable b é’lthe rladi ation spot is noved at
a conpar a- tively | arge gpeed -e—t-G—t-h esaFacarrier. The

: d—ca.r-ue-r—l f-or- exappl-q further
characterized in that the {nagneto- optlterlal is ban alloy of
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exanpl e fromthe above-nentioned Article in "Audio Eng., Soc.", 73rd Conv.
1983, pp. 1-14, to make use of a record carrier with previously pro- vided
tracks in a nmagneto-optical informati ogpresgxrsmsdiing system In the known
systens these tracks are only used as servo-tracks so as to achieve that
the information areas are inscribed in accordance with accurately

determ ned tracks. In the system according to the present
i nvention these tracks are also used to limt the di nensi on of the
informati on areas tran erse t3q t he tragU{ dlre3:';|on Anot her record
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characterized in_that the thickness of the magneto- optical layer within a
track is different€r dMUALOSU ERIRIESt tacka method sof o writimged that it
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the known refl&d ‘,érmé.ans 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
layer by means of a diode laser write beam and a
magnetic field, the information areas thus formed
Deing read by detection of the variation, caused by
. the information areas, of the state of polarization of
a diode laser read beam. The invention also 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 Audio 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.
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are not reduced in the track direction as well . Mor eover, United

‘States Patent 4,176,377 does not reveal how the constricted information

areas can be read optimally. The use of record carriers with narrow

tracks only makes sense in conbination with the nethod according to the

I nvention, because it is only then that during witing the possibilities of

this record carrier can be utilized to an optinmal extent with relatively

simpl e means and that subsequently the isnformation tracks can be read

wi t hout any cros- stalk. A further aspect of the invention relates to
met hod, This ’

the apparatus fOr(n'o tqfeow}ggvrt! hs?yg?é/?rlw the (nformation area is round
and has ‘a diameter of the order of 1 Lm and the
information density is of the order of 400,000 bits
per mm2. The infarmation density may be in-
creased to apgroximately 1,000,000 bits per mm?.

There is an ever increasing need of infarmation
densities which are larger than the ones stated
zbave, so fhat more information can be recarded in
a record carrier of the same dimensions. To this
end it.must be possible to write and read informa-
tion areas in & magneto-optical record carrier,
which areas are smailer than the ones that have
fitherto been canventional. Within the present can-
cept of magneto-aptical information recarding 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
spat. -

Since the size of the diffraction-limited radiation
spot is proportional to WNA, in which N is the
wavelength of the radiation used and NA is the
numerical aperture of the abjective system used,
the radiation spot can only be reduced by decreas-

ing the wavelength and/or increasing the numerical
aperture. An increase of the numerical aperture

invalves a decrease of the deoth of focus of the
radiation beam, so that the requirements imposed
on the facusing of the radiation beam will become
mare stringent. Mareaover, an objective system hav-
ing a larger numerical aperture is mare sensitive to

aberrations so that more stringent tolerance re-
This is the replacemsnt sheel
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appar atus, which conprises a radiation source for supplying a scanning
:beam an objective systemfor focusing the scanning beamto a scanni ng spot
on the information layer, a magnetic system for generating a magnetic field
at the location of the scanning spot and a radiation-sensitive detection
system for converting radiation fromtfhe.record carrier into electric
signals, is characterized in that the radiation source is a conposite
source for-- supplying a wite radlatlon beam having a first Wwavel ength and

a first intenguiystmerdte mast oet drmgbae ttﬁ ctpotheanrfig-reuepl ying, a

read radi ation bean1haV|gg a secon is shorter than the
first wavel engdQRaGALS. dEdbnis |dﬁ$h’§ibiﬁ t@hCﬂﬂﬁl@Lt&rﬁhlaerUiaaaf the first

' ity, f f ' d_radi whi ch h
wi Lo radi at i SHogs 258 58 ¢ Facliatitin " 80ush orahich T5 fec¥h act er-

'zed in that &b 341 3 IR $8UBTBdECEWHILN th® Phagneto-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 dicde lasers which have a sufficiently
high power for the writing operation.

. The present invention provides a novel concept
of magneto-optical information recording 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 aver a distance which is equal 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
This is the replacement sheet
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- 10 - first diode |aser for supplying a wite radiation beam having a
.first wavel ength and by an assem bly of a second diode | aser and an
optical frequency-doubling element for supplying a read radiation beam
havi ng a second wavel ength of the order of half the first wavel ength.

If a diode | aser becones avail able which itself emts the short-wave bl ue

radiation with a sufficient power, su%p a blue diode | aser can be used for

readi ng i nstead of the said assenbly of a red diode |aser and a
frequency-doubling el ement. A second enbodi nent of the apparatus is

characterized in that the radiation source is con- stituted by one diode

| aser, a cont rloin@ererequ Qg oane Wtsamen@a@ilandﬁﬂebé@rh of the
di ode | aser eam for 'sel ectjng.one of two radiation paths,

Gt beams with different wavelengths and different
powers, greatly reduced 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 canventional dicde
lasers.

It is to be noted that it is known pger se, far
example from GCerman Patent Application no.
3,200,134, to provide information areas in the form
of magnetic domains in a magneto-aptical recard
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 raci-
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 oariginal
direction of magnetization of the information layer.

- Subsequently, while a part of the radiation spot is
still 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 Application no. 3,200,134 does
not state how the magnetic domains thus obtained
with a reduced dimension in the scanning direction
can be read.

Furthermore, it is known, for example from the
Article "Blue-Light Laser ups CO Density” in
"Electronics”, August 1988, p. 48 that when read-
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the di ode | aser beam and a frequency-doubling elenment arranged in one of
‘the two radiation paths. The defl ection el enment nay be constituted by
an adjustable refractive or reflective elenment, such as a prism but also
by an el ectro-optical elenent, for exanple an el ectro-optical nodul ator

such as a so-called Bragg defl ector. . genbodi nents of the invention will
now be de- scribed in greater detail with reference to the ac-, conpanying
drawi ngs in whiRG an ophcgl regefE camien wset €arabepmadaudlor a

part of an 1 nf d%aranEMBkEn. o b 5ol Bigete sk on @

which emits infrared radiation and a so-called fre-
quency doubler in the form of a non-linear optical
crystal. This combination yields a biue 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 reducsd 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 twa above-mentioned Arti-
cles are combined for the first ime, 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 der- -
- sity In this direction is considerably increased.

To increase the information density also in a
direction transverse to 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 tracks are physically or geometrically

distinguished from the rest of the information layer,
“hig 18 ne renlscement sheet
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par at us, Fig. 3 shows the dinmension of the informa- tion areas
.inscribed by neans of the known ap- paratus relative to the dinension of
the wite spot and the read spot used in this apparatus, Fig. 4
shows the dinmension of the informa- tion areas inscribed by nmeans of the
apparatus according to the invention relative to the wite spot and the

read spot used in this apparatus, Fig. 5 illustrates the principle
of witing short- ened information aréas, Fig. 6 shows an enbodi nent

of the magneto-optical wite and read apparatus accord- ing to the
shqw,al ternati ve enbodi - nents of the

lzg\r/rggts: '?2 Faéﬁ a?cgh%%cﬁﬁ etﬁ% b&‘@séﬂfpﬁn’ﬂﬁ Q\p@éﬁ'ﬁ%s remain rig. 8 shows
ecord cargno e th pusn SIS hae ey 19 RAPRIDTEY 5% s8R o et o
di mensi onsducesmtbemshnoér e;ggsstgtkl e i meumﬁ@ksemgoy dsgrier relative

to located slightly closer to one anather, pravided that

it is prevented that.the read spot covers not only a

track to be read but aiso a part of a contiguous

© frack.
This record carrier is preferably further char-
acterized in that the period of the track structure,

fransverse to the track direction, is smaller than 1.4
KLm.
This track periad is smaller than the track pe-

riod conventionally used in the current optical
record carrier, which conventional period is chosen
lo be able to use simple optical systems and
conventional diode 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 thickness
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: Madel-
ling and Comparison with Experiment" in "J. Appln.
Phys.” 64 (1), July 1988, pp. 252-261, a magnetic

domain is formed in that firstly a small magnetic
Thiz is the replacement sheet
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t he di nension of the wite spot and the read spot, and Figs. 10 and

11 show in radial cross-sections parts of a second and a third enbodi nent

of a magneto-optical record carrier with previously pro- vided tracks.

In Fig. 1 the reference nuneral 1 denotes a magneto-optical record carrier

conprising a trans- parent substrate 2 and a nmagnetic information |ayer
- 12 - 3. This information |layer is i*radiated by a radiation beamb

supplied by a source 10. This source is constituted by a diode |aser, for
exanple an Al- GaAs |aser which emits radiation at a wavel ength of the

order of, for exanp]e 800 nm A part of.the
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 bottorn 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 embadiment of the record carrier is,
for example further characterized in that the
magneto-optical material is an alloy of Gadolinium-

Terbium-iron.
This material has an outstanding "bubble™ ef-
fect and, if combined with a relief track structurs, 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, to
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 .
Thie is the replacernent sheet
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radiation emtted by the diode laser is received by a collimator lens 11
-and is focused to a diffraction- |imted scanning spot Vwth a half val ue
width of the order of 1 [errJmin the information plane by an objective
system 12 which is shown diagrammati- cally by neans of a single |ens.
Information areas in the formof magnetic do- nmains can be witten in the

| ayer 3 by controlling the diode | aser8it such a way that it emts |ight

pul ses having a pul se duration of, for exanple 50 nsec and intervals of,
for exanple 250 nsec. The peak power of such a pulse is, for exanple 40

Vdue to | osaeolTa"Id e oREXERE i%?/%"ﬁ”ﬁbbe&ﬁaéé‘éstﬁ#‘&éag@t nigh o
heat the areQIQOCUﬂﬁ] t@rﬂ?ﬁit‘)’! E"Wﬁ'ﬂ%ﬁ@l&ﬂ%f’%éq értRznfor

exanpl e 200[ err] e magnetic ayer I'S”prenmagnet| ze a glven
direction, | areasiransverse to the lbnackydmmmmthe Iayer 3 at the

| ocation of e oA Rer BB chiFiel SEbF G A L thiganeaacs,
with the arrggr® i Wiich the Bfactofof sfddosure of the do-

mains within the tracks is realised, is characterized

in that the magnsto-aptical layer within the tracks

has a greater sensitivity to magnetization than out-

side the tracks.

A first embodiment of this record carrier is
characterized in that the magneto-optical Ilayer
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 embadiment 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 tracks 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
areas with a relatively large write spot. However,
the information areas of the known racord carrier
are not reduced in the track direction as wsll.

Thie 8 the renlacement shest
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tively small external magnetic field generated with the aid of a nmagnetic
coil 13. After the laser pulse has been term nated, the material of the
| ayer 3 - 13 - cool s down agai n, freezing,

as it were, the direction of magnetization Merr]. By noving the

radi ati on spot V and the record carrie? 1 with respect to each other, for
exanple by rotating the record carrier around the shaft 15 in the case of
a round di sc-shaped record carrier, a plurality of information areas can

be written one Mdteovere Uhhwdl StatQSSP@t@rm 41281397 thoekahotn
i nformation track |s bt ai ned I g a snal | portion of such an
i nfor mati on tr48ve€al Hiewoike COﬂStl’lCteg mfcrmatxon areas cansb
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-sensitive detection
system for converting radiation from the record
carrier into electric signals, is characterized in that
the radiation socurce 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
This is the replacement sheet
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section. The areas of the information |ayer 3 where the direction of

. magneti zati on has been reversed (M) are indicated by information areas 4
and the areas which have maintained the original direction of

magneti zation (Merr]) are referred to as internedi- ate areas 5. A
plurality of tracks can be witten one next to the other by noving the
radi ation spot V and the record carrier 1 with respect to each other in a
direction perpendicular to the planel§f -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 witing the information. In the first
pl ace, as ahready_stated her ei nbefore, the control current for the diode

| aser 10 cafirsé diQdet elasgr nfans smppggigqg;t gol waiitg uiradi@tipph the

radi at on pAEGET i haYIEE AdiStiravalengdhand by @ [@ssemie mg-

netic fiel dbi]y tB¢n gonidde@He v dig3ent !z&'é'éirngaH’t? Wléhti %BE%(}ess.
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 iaser beam, and a frequency-doubling
element arranged in one of the two radiation paths.

The deflection element 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.

Embodiments 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 shaws in a cross-section a part of an

information track inscribed by means of this ap-
Thiw is the replacement sheet
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- 14 - A second possibility is to switch the magnetic field between
the directions Merr] and Merr] in accor- dance with the information to
be witten. Then the signal S[err] to be witten is applied to a control
circuit 14 which supplies the electric current for the coil 13. The

di ode | aser can then either supply a con- ti nuous beam or a beam pul sed
at a fixed fre- guency, a so-called1dl ock frequency. When readi ng
the witten 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

consi der abl ypbgmspower, for exam ple ten tines |ower, than during the
writing pro- €sS,'so that the recorded information is not af- fected.

Preferably, the re&igj Grshewssthef dichemsion ¢hahe higforama-nci dent on
the informatjon |layer and mpdul ated by this |ayey, in accordance with the
lion areas inscribe By fheans 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 spat
and the read spot used in this apparatus,

Fig. S 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 compaosite radiation source 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 spot 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 ftracks.

[n Fig. 1 the reference numeral 1 denotes a
magneto-optical record carrier comprising a trans-

parent substrate 2 and a magnetic information layer
This s the replenement sheet
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witten information is reflected towards the objec- tive system 12. The
‘radi ation path incorporates a sem -transparent elenent, for exanple a 70%
transparent mrror or prism17 which reflects a portion of the reflected
and nodul ated read beam- b towards a radiation-sensitive detection system
18. In the enbodinment of Fig. 1 a lens 19 for concentrating the radiation
on the detection system 18 is arrangdd between the element 17 and this
system Readi ng of the information |layer is based on the change which
the informati on areas, or do- nmains, 4 cause in the state of polarization

of the read beamniTo RAGHANAR 18VAI9%s RrdiaIAdtyP HaRiRREn %0 'S

beam b supplied by a 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 plane 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 exampie 250 nsec. The
‘peak power of such a puise is, for example 40
mWatt of which ultimately, for example 10 mWait
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 to 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 M, 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 material of the layer 3
Thig is the replacement sheet
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front of the detection system 18, which anal yser converts the polarization
modul ation into an inten- sity nodulation which is converted into an

el ectric signal S err] by the detection system A polarizer 21 whose
direction of polarization effectively extends at an angle of, for exanple
85[err] 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 cefit tdd-on the information track and/or
whet her the read beamis focused on the information plane, a

sem -transparent, for ex- anple 90%transparent mrror or prism22 may be
arranged in ﬂ@?&di@wmragann.dreem‘r@,f Bscibdveeamthe divkicthoni rror or

o1 S et | oty thaAHafbaa, Misam, | Qe ds @ second radialion-sensitive
acking and- 1 ocut oauind, S AN, SOt 1Y, 2 TR TERRIY o771 e
wite beam r GafRed pyitiheaspect tareaeh other, fiort Baamsple dwyars about
witing and pedtifg ofhe® BB CHMSH afSIRd RS 'SR 18 "
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 smalil
portion of such an information track in a cross-
section. The areas of the information layer 3 where
the direction of magnetization has been reversed
(M2) are indicated by information areas 4 and the
areas which have maintained the original direction
-of magnetization (M) are referred to as intermedi-
ate aréas 5. A plurality of tracks can be written ane
next to the other by moving the radiation spot V
and the record carrier 1 with respect to 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 controi
circuit 16 with the information signal S; to be writ-

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

netic field is then continuously presant during the
writing process.
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apparatus therefor reference may be nade to the above-nentioned Article in
“"Audi o Eng. Soc." 78th Conv. 1983, pp. 1-14, and to the Article "Erasable
Magnet o- Opti cal Recording” in "Philips Techn. Rev." 42, No. 2, August

1985, pp. 37-47. In the apparatus according to Fig. 1 the wite spot
and the read spot have the sane di nensibf, -which di mension al so determ nes
the dinmension of the infornation areas. Fig. 3 shows the wite spot
- 16 - V[err] of this apparatus and a plurality of information areas 4

witten by means ofAt Bflav:@nqt dss:bmfgymhtGIWIaihamerfna msged in

fon. During wr i6lh bREWEere hr dnRetianst Mirand Mot il Besat- t“ﬁ'ihe

|nformation pl y9gndd' B the information to be written. Then the
signal S; to be written is applied to a control eircuit
14 which supplies the electric current for the coil
13. The diode laser can then either supply a con-
tinugus 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 lower, than during the writing pro-
cess, so that the recorded information is not af-
fected. Preferably, the record carrier is reﬂectmg o)
that the beam incident on the information layer and
modulated by this layer in accordancs 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 this

systermn.
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
“hig s The roplscement sheet
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dance with the arrow 32. In the situation shown in Fig. 3 the wite spot
i's present above a non- inscribed portion and at a position where a subse-
guent information area can be witten. The informa- tion track is
afterwards read by neans of the read spot V, which is indicated at the
left in Fig. 3. According to the-pkesent invention use is nade of a
radi ati on spot during witing which is different fromthe radi ation spot

d duri ' t .of which is tpabe able t [ e, and read
smal o1 | nfor TR o hr iR e OB SHBMRTIn Fog. winich (SndliysRE™ "*°
di agr ammat i catonvidresprtheci Pafﬁ%étiﬂ;ﬁ irﬁﬁ%ﬂ'@l%ﬁorﬁﬂﬁ't@g%ﬁ'iht@w n Fig 3,

this Figure shows ms&r‘be Information areas 4, the wite spot Vferr] and
the read spotSNyefMPduIdtiani mehpch, isheomvestedotntiy «an) edgetrige sane

di i dei it t in Fig 3. _Thi disat j t i, Obtained

by foousi ng. Ewﬁggﬁ ‘%fﬁ?hwgbﬂ%ﬁ%ﬁ@s%g@fﬁgfhgi%‘gpafﬁgéﬁ er beam

f f ne . oy

vv;\?gll eng'[ he)(;?,wﬁstﬁegglrnpl e 8%6%%?1@%%?!&@%%%%@9&gjrafeeﬁaosaer for

witing. Thi sabpan hangienaof, vioae exampde, 857 daantiiat 10fetnem
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 90% 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 ars used to correct fracking
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
apparatus therefor reference may be made to the
above-mentianed Article in "Audio Eng. Soc.” 78th
‘Conv. 1983, pp. 1-14, and to the Article "Erasable
Magneto-Optical Recording” in "Philips Techn.
Rev." 42, No. 2, August 1988, pp. 37-47.

In the apparatus according to Fig. 1 the write

spot and the read spot have the same dimension,

which dimension also determines the dimension of

the information areas. Fig. 3 shows the write spot
This is the replacement sheet
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- 17 - To be able to wite information areas wth a surface area which
is smaller than the size of this wite spot, use is made of the known
principle illustrated in Fig. 5. Inthis Figure it is assuned that the

radi ati on spot is observed in the direction of the ongoing beamb in Fig.

1. It has been assuned that the wite spot noves to the right at a speed VE
wWth respect to the information pl arel6At- the instant t[err] the centre of
the wite spot V[err] is at the position A At that nonent the external

areti 1Ll Yot s appstul and s prutdity ) ofifloymatiod, e
direction. Atareas skiaritteneby meansnofethis spotadihei imfarpoa-vierr]
has reached tReo'deds B 'dFANged ' TR Actbrd3Aee ' with®'dn'®

information track 30. This track is only partly writ-

ten. During writing the write spot moves to the right

with respect to the information plane, in accor-

dance with the arrow 32. In the situation shown in

Fig. 3 the write spot is present above a non-

inscribed portion and at a position where a subse-

quent infarmation area can be written. The informa-

tion track is afterwards read by means of the read

spot V, which is indicated at the left in Fig. 3. '

According to the present invention use is made

of a radiation spot during writing which is different

from the radiation spot used during reading, the

., purpose of which is to be. able to write and read

smaller information areas than those shown in Fig.

3. Fig. 4 shows diagrammatically the principle of

this invention. Analogously as in Fig. 3, this Figure

shows inscribed information areas 4, the write spot

Vw and the read spot V,'. In principle, the write spot

' V,, has the same dimension and intensity as that in

Fig. 3. This radiation spot is obtained by focusing,

by means of the objective system 12 of Fig. 1, a

laser beam from, for example an AlGaAs diode

laser which emits radiation at a wavelength of, for

. example 800 nm and has a sufficiently large power

. for writing. This spot has a half value width of, for

example 1 um.
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reversed so that the area, which is now under the spot V[err], is
-magnetized in the direction Merr]. Since the distance between B and Ais
considerably snmaller than the dianmeter of the wite spot, a large part of
the area which was nagnetized in the direction Merr] at the instant to is
magnetized again in the original divtéétion Merr]. The result is that only
a - small part, Wmch i's shaded in Flg 5, of the area present under the
wite spot at th ant t{ V\}d’ gne zed .n the directi.gn Merr] and
fornms an in- for Ié‘,“”’[l rma 19 8reas sW ﬁ&s@d agai n

d i I t
?Ef olrrsraﬁlgln g?‘yjakg s%%%g Q‘g ?F;E\?\A’gl t gnérb§ﬁ§ﬁttzﬁg §{?%e rragnet ic field
in the direcwpiteMspot, auselezsnmmﬂet [@irrlhewdemcwm qarm@:ple the wite

spot has reached the 5|t .on b Wi t hci t he magnet i el d back
aga. nin the:nustrate % lanc{h§ Fs-tgure ITis ass d‘ihé

the radiation spot is observed in the direction of the
ongoing beam b in Fig. 1. It has been assumed
that the write spot moves to the right at a speed
VE with respect to the information plane. At the
instant tg the centre of the write spot V,, is at the
position A. At that moment the external magnetic
field has the direction of the arrow Mz in Fig. 1 and
the entire circular area under the radiation spot is
magnetized in that direction. At the instant t: the
centre of the radiation spot V,, has reached the
point B. Then the direction of the magnetic.field is
reversed so that the area, which is now under the
' spot V,,, is magnetized in the direction M. Since
the distance between B and A is considerably
smaller than the diameter of the write spot, a large
part of the area which was magnetized in the

direction Mz at the instant tg is magnetized again in
- the original direction My. 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 to is-
magnetized in the direction M2 and forms an in-
formation area, while the rest of this area is erased
again and is available for writing a subsequent
information area. This information area is subse-
quently written by switching the magnetic field in
the direction M, at the instant tz, when the centre
of the write spot has reached the position C, and

by swithcing the magnetic field back again in the
Thin 18 he renlecement shes!

~ 2 MAY 1957

Date:



direction Merr] at the instant t[err], when the centre of the spot has
reached the position D. By switching the external magnetic field, in the
case of a wite spot noving at a continuous speed relative to the record
carrier, in time intervals which are shorter than the tine interva

required to nove the wite spot over a distance which is equal to its

di aneter, information areas can be witten whose di nension in the scanning
direction is snmaller than this dinmen- sion of the wite spot. These
information areas may have a dinmensiqnqf,.for exanple 0.35 [err]min the
scanning or track direction, instead of the hitherto conventional dinension
of the order of 1 [err]m Thus, the information density in the track

't or mat 1 on BB RN "BFC AR aRiStambete. P RBA t0s Gabdfe tfse ™™

whose di mensip | §pidte Hadckedd e FheéSpasition D. By switching
the external magnetic field, in the case of a write
spot maving at a continuous speed relative to the
record carrier, in time intervals which are shorter
than the time interval required to move the write
spot over a distance which is equal to its diameter, -
information areas can be written. whose dimension
in the scanning direction is smaller than this dimen-
sion of the write spot. These information areas may
have a dimension of, for example 0.35 um in the
scanning or track direction, instead of the hitherto
conventional dimension of the order of 1 um. Thus,

' the information density in the track direction can be

increased considerably.

To be able to read these small information
areas in a discriminatory manner, a read spot must
be used whose dimension in the track direction is

- of the same order as that of the information areas.

To be able to use the same objective system for
forming this read spot and for forming the write
spot, the wavelength of the read beam must be
considerably smaller than that of the write beam.

According to the invention the magneto-optical
write and read apparatus may be provided with a
second radiation source which is composed of a
diode laser and a non-linear optical crystal in which
the frequency of the radiation emitted by the diode

This is the replacement sheet
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of the same order as that of the information areas. To be able to use the
sane objective systemfor formng this read spot and for formng the wite
spot, the wavel ength of the read beam nust be considerably smaller than
that of the wite beam According to the invention the nmagnet o-opti cal
wite and read apparatus nmay be provided with a second radi ati on source
whi ch is conposed of a diode |aser and a non-linear optical crystal in

whi ch the frequency of the radiationldn-tted by the diode

- 19 - | aser i s doubled through the phenonenon which is known as

"second harnoni c generation" or "SHG
laser is doubled through the phenomenon which is
known as "second harmonic generation" or "SHG".
Doubling of the frequency of the laser radiation
means halving the wavelength of this radiation.
When using an infrared diode laser emitting a
wavelength of the order of 800 nm, blue radiation
with a wavelength of the order of 400 nm is then
obtained when using the second harmonic gener-
ator. A beam of this wavelength can be facused by
the objective system 12 to a read spot whase
diameter is half that of the write spot.
As has been noted in the Article "Blue Laser
ups CD Density” in "Electronics”, August 1988, p.
48 in which the use of the Dlue diode laser maodule
for reading prerecorded audio discs known under
the name of "Compact Disc" has been described,
‘the efficiency of the second harmonic generator is

small and consequentlv the intensity of the blue
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 magnetc-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 spat. The two radiation spots, which are both
supplied by diode lasers, can now be optimized for
their specific functions, i.e. the write spot has such
an intensity that the material of the information
| This is the replacement sheet
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Doubling of the frequency of the |aser radiation means halving the

-wavel ength of this radiation. Wen using an infrared diode |aser emtting
a wavelength of the order of 800 nm blue radiation wth a wavel ength of
the order of 400 nmis then obtained when using the second harnoni c gener-
ator. A beam of this wavel ength can bed qcused by the objective system 12

to a read spot whose dianeter is half that of the wite spot. As has
been noted in the Article "Blue Laser wups CD Density" in "Electronics”
August 1988, p|g t er d for

r eadi ng prerecor dﬁhb?scs ﬁﬁ%‘ﬂ dﬁéattt he ﬁﬁéﬂéw'ﬁﬁ aﬁ@ W\% sc" has

been descri bed reamespeotu@ smn‘f icienthy smaﬁdtmabeoahiegeoemadr the  snal |
and consequently the int .of the bl ue radiation is Iow so that
This i ode | as@afoW MIGITIAHEN A edsd foR VAISGHANTHALIRL: Moaln an

optical record rier. Therefore, this laser nodule cannot be used in a
magnet o- opti ca ‘ite-read ,apparatus in which only one radiation spot is
used. Si nce, afdgy. dsnsh@wmdlageammanmwaaﬂ rmodineentpots are

used for W“t'n% ?Hde rae%%a?lgams 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 diods laser 40 mounted
on a cooling block 41, supplies the wrnte 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-
quency doubler may be arranged between the di-
ode laser 42 and the frequency doubler 43. The
blue laser module may comprise a filter to prevent

infrared radiation from leaving the module.
As is shown in Fig. 6, 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 half as large as the write spot and having
a considerably lower intensity.

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
Thig is the renisoetment sheet
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bl tje | aser nmodul e can be used for obtaining the read spot. The two
'radi ation spots, which are both supplied by diode |asers, can now be
optim zed for their specific functions, i.e. the wite spot has such an

intensity that the material of the information
- 20 - | ayer can be sufficiently heated therewith and the read spot is

sufficiently small to be able to readkihe narrow information areas in a
di scrimnatory man- ner. Fig. 6 shows diagrammatically an enbodi nent
of the apparatus according to the invention. The paranount difference with

sour o whi on UAIEhSTRSavit gfleks 1Be JariSy 19 slperthibusT™ T 'St
The apparatus according to the invention may also .
be compaosed 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 diode laser
having a wavelength of 800 nm, a different semi-
conductor laser with a different wavelength 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
for passing or not 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 electro-optical deflection
element 45. If this element 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 element 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.
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on a cooling block 41, supplies the wite beamb[err]. This laser is, for

~ exanpl e an Al GaAs di ode | aser
order of 800 nm The second radi ati on source i s con-

which emts radiation at a wavel ength of the
stituted by a second

di ode |l aser 42, for exanple of the sane type as the laser 40, and a
doubling el enent 43, for exanple a Lithium N obate crystal.

frequency-

The el enents 42 and 43 nay be
on the sane cooling block as the | aser 40. Lenses for

coupling the laser radiation in the fre-

bet ween the di ode, |l aser 42 agnd the frequency,,doubl er. 43.
nodul e may corrprllgeet a gnﬂ EEJ ;lt}o

t he nodul e.

Re | erapq AG-ar/dd BadTHITON

wi 1o spot vAITFNGSH HER) hgdﬁt%aﬁb?éﬁf]'%‘%éf oHleoofEh Ml

hovi ng' a Qﬁnﬁmﬂﬁf’m°”e‘“q"§?§?§‘.‘?e°m"bfg‘hée'menb‘ﬁ?“h amft?:?spc’é o
obj eC?I ve sydS é &e{h\@wﬁm‘él 8 .t &ﬂéﬁ&mirmf @ﬂgct i on of
the col limat ?ﬁd\%ﬁ but’bf tHe tadfidtion path, the laser beam b

is passed as a write beam b, to the objective
sytem 3S. If the mirror has been moved into the
radiation path, the laser beam b is passed to the
frequency-doubling element 43, for example via a
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 either completely blocks
the red laser radiation which may still emerge from
the slement 43 or aftenuates 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 fwo 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-controiled, a control
signal being applied to the control circuit of this
laser, which signal is zero at the instant when the

nmounrt @@ on a separate cooling bl ock 44, or

efficiently

guency doubl er may be arranged
blue | aser

S| eavi ng

cused to a

pot
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- 21 - which noreover renders the |lens 19 superfluous. The appar atus
-according to the invention may al so be conposed of the el enents shown in
Fig. 1, or it may have a different construction, provided that two beans of
di fferent wavel engths and different intensities are focused in this
apparatus to a wite spot and a read spot, respectively, on the infornma-
tion layer 3. Instead of an Al GaAs €i28le-| aser having a wavel ength of 800
nm a different sem - conductor laser with a different wavel ength nay be

used alternatively. . The {nvention may al so be realised with one diode
| aser only. TRAGEEHE;] ﬁ@ﬂébl& switchedrreianeanalogous wayrgsdrated in

the radiationPHilh 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 shaorter information
areas this measure has an even more favourable
effect than in a conventional magneto-optical
record carrier and apparatus. A puised laser, must
supply a higher peak power than with a continu-
ously operated laser.

So far, only an increase of the information
density in the track direction has been described. A
sscond important aspect of the present invention
relates fo 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 extent only in the track
-direction for reading short information areas, i.e.
areas having a small dimension in the track direc-
tion. Since the read spot V,' is also small in the
direction transverse to the track direction, narrow

- information areas, i.e. areas with a small dimension
perpendicular to the track direction can alsg be
read with this spol. According to 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

Thig i8 the reslagemeant shee!
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for passing or not passing the |aser beamthrough the frequency-doubling
.elenment. Figs. 7a and 7b show two enbodi nents of a part of an apparatus

i ncluding such an elenment. In Fig. 7a this elenent is an acousto-optical or
an electro-optical deflection element 45. If this elenent is energized with
a voltage V[err], a diffraction gratifg Ls fornmed therein which diffracts
the incident | aser beamb towards the frequency-doubling el ement 43. The
beam br energi ng fron1th|s elenent then has a mavelength which is half t hat

def 1 ect ed and (Wi Deh fEF oihise Slto8%R 6 Banivesea] rafiet tACKri gi na
ol 6731 0o’ ol sﬁ@ﬁougwﬁzz"@%s? gl ot et an
amaorphous alloy of gadolinium, terbium and iron.

Fig. 8 shows an embodiment of such a record
carrier. This Figure shows a small part of the
magneto-aptical 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 S0 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 to 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 laysr S0 comprises, for example a
transparent cured polymer, such as polycarbonate
(PC) in which the grooves S0 are provided by

means of the known replica 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 layer 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-
phaus alloy of iron, gadolinium and terbium 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 SiO»

or a lacquer layer may be provided.
This is the replacement sheet
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.29 .

-the di ode | aser 41, which mrror

In the enbodiment of Fig. 7b a mrror 47 is arranged behind

radi ation path, as is denoted by the arrow 48. If the mrror has
the radiation path, the |aser beamb is passed as a wite

noved out of

beam b[err] to the objective
the radiation path, the laser beamb is passed to the frequency
second mrror 49, and a read beamb[err] is

el enent 43,
obt ai ned.
b[err],

for exanple via a

ani ch, 11 143 SefRrBdIng] L‘?Cg%?étﬁé'?héﬁ%daﬁ?ﬁ A

can be noved into and out of the

been

sytem-335 Ff the mrror has been noved into
-doubl i ng

beam
i on whi ch

e the red | aser

may still enmbygrety oﬁwrmmaeemrfhht Er) ﬂases (t1t) UM!?JCTQSBVBnner t hat
| S

it cannot affect ten,infor on..
radi ation calPfBe érgéd m‘@{h&!&dW@ g @er&ra Uﬁ?}b {'r foategiakr

and/or a foc
appar at uses

of the radiation spot where the energy is largest, at
the conventional diffraction-limited radiation spot

with @ Gaussian intensity distribution. The wall of

this core is moved outwards so that the care grows
to a magnetic 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 leak 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.
[n 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 the 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 Lm and the width
of the intermediate tracks 31, is, for example 0.6

Thig i8 the
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Al'so in the apparatus using two diode |asers, the red |aser radiation can
‘be used for generating the said error signals when reading with blue | aser
radi ati on. Moreover, the blue | aser radiation can be used for generating
the error signals durlng witing with _red |aser radiation. It has been
assumed in the foregoing that the wi 2€ I"aser supplies a continuous beam
However, this laser is preferably pul se-controlled, a control signal being
applied to the control circuit of this |aser, whi ch signal is zero at the

[nstant when wben so, that the_ information densiy: in, TECEARIALS! Lol e
edges of thednfect@ndmnmreased dbfy redfagtersodr nl.g swith re-

spect to that of known record carriers having a

groove width of 0.6 Lm and an intermediate track

width of 1 um.

The preformed tracks may not only be formed
by grooves in the layer 54 but also by ridges on
this layer.

When using a relief track structure with a given
track 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 lﬂSCfxba‘

ble optical record carrier.
In a second embadiment of a recard carrier in

which narrow information areas can be written the
g previously provided, narrowed tracks have a great-
. er magnetization sensitivity than the rest of the
information layer. The material within the tracks
may then have a different chemical composition
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 whose chemical
~composition slightly deviates from the rest of the
' layer, which strips constitute the tracks 30 .

Fig. 11 is a radial cross- sect:on 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

| Thix i e ronlerement shaat
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that the information signal which has been read contains |ess noise. Due
-to the shorter information areas this neasure has an even nore favourable
effect than in a conventional magneto-optical record carrier and
apparatus. A pulsed laser, nust supply a higher peak power than with a
continu- ously operated | aser. So far, only an increase of the
information density in the track disegti en has been described. A second

i nportant aspect of the present invention relates to the increase of the
information density in the direction transverse to the track direction.
The smal|l read spot V[err]' shown in Fig. 4 is utilized to an opti num

e ar ons HHIPGE 8] o TAGKS L thATE, DasEE el R ce T he
read spot V[@rddsquéﬁgéfrrqhb i 'i‘nh'?érféif ewlgﬁmtrwae{rgﬁgh@ t- e track

direction, narrow I Ion areas, 1.¢e. nsi on

per pendi cul atoroughk to athie ddesirech t@m sattmeeseat \@n healnherSpot

According ta

t t hi hi | t th
informa- ti dﬁ‘sgaégs 2 I Qté\sa&fsagﬂhnléfl ?élﬁ iaux;eresrgme narrow
that the magnetization dnrec’non 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 S6 may be a thicker lacquer layer with a flat
upper side instead of the thin SiO2 layer with a
profile, shown in Fig. 8.

This is the replacement sheet
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carrier with a previously provided structure of nar- row tracks and by
*witing the information areas in these tracks. It is ensured that the
magnetic do- nmins are substantially only forned within a track. A first
enmbodi nrent of a record carrier which is This Sheet Has Been Replaétd-

suitable for this purpose conprises a relief track patt ' | e”
material, for exanple an anorphous.ajgoy of gadolinium !Em&m!tﬁMFm
Fig. 8 shows an enbodi nent of such a record carrier. Thi a

smal|l part of the magneto-optical record carrier in a radial cross- '
section. The record carrier conprises a transparent substrate 2 of glass or

a synthetic mi@lagnsn which a layer 50 is provided in which the prefor-

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-
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 detection 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, whase 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.

I o e oo e
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med tracks are present i A the form of grooves 51. If the substrate is nade
-of synthetic material, it is not necessary to provide a.separate |layer_ 50
and the grooves nay be present in the substrate. The grooves are separated

from each other by consid- erably wi der internediate area@mbﬂwﬂmheana
tracks 52. The layer 50 conprises, for exanple a transpare

such as pol ycarbonate (PC) in which.thg grooves 50 are pro

t he knomm replica technique which is used in the nanufacture o

Di scs” The layer 50 is coated with a dielectric |ayer 53 which
separates t he Iayer 50 fromthe magneto- optical |ayer 54. The surface of

the | ayer SQyH ng%qg tructure as the layer 50 and is thus provided
with tracks t |ate tracks 31 The | ayer 54 conprises, for

exanpl e an anor - QPhAll"F bﬁaﬁusrm f@éﬁ@nﬂéﬂéﬁ@aﬁmtm@tma% E

internally na?netlzed in irection to the record carrier
surface. Thi€laimed i dncos0edClaim a Tef cam SlﬂgeraSSIEdbatl@ihrrpl e of

al um ni um oncuhleeh 3 8LERAIYIRG A Yeahnthg s HEELev o o

| acquer Iayé$
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 srnaller than the write
radiation 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 optical
frequency-doubling element for supplying a read
radiation beam having a second wavelength of the
order of half the first wavelength.

npac
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- 25 - As described in, for exanple the above-nen- tioned Article in
"J. Appl. Phys." 64 (1) July 1988. pp. 252-262, when"writing in a “bubble"
material, firstly a small nmagnetic core is forned in.[rh!h centre of the
radi ati on spot where the energy is largest, at the cONNgmE en Replaced
diffraction-limted radiation spot with a Gaussian int ’ Hﬂrmution.
The wall of this core is noved outwar¥s so that the c

magneti ¢ donmai n. 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 consi derable kink. To overcone this barrier, extra
energy would have to be supplied. Since the tine interval, in which the

wite spot is. preddnt A apparatuscast clagmedt irnClaim 9, char-
acterized in that the radiation source is constituted
by one diode laser, a controliable 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 sle-
ment arranged in one of the two radiation paths.

* [ L M s *
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and in which the magnetic field has a given direc- tion, is so short that
lTittle energy can leak fromthe centre of the area to be witten to the
exterior within this tine interval, the magnetic domain is enclosed, as it
were, within the track and the Bl ock- wall of the nagnetic donmain coincides
with a groove wall. In analogy with Fig. 4, Fig. 9 shows a snall part
of a witten track of the record carrBgr accord- ing to Fig. 8. The |ength,
in the track direction 32, of the information areas 4 is the sane as that
in Fig. 4, but the mﬁdth of the information areas is smaller than that in

Fig. 4 due to ﬁ@ ﬁ ig. 8. This
groove w dt h | %ngiﬂg é?[ %iﬁﬁ nt er nedi at e
tracks 31, AL RR .

Abstract

A method of and an apparatus for writing and
reading a magneto-optical record carrier (1)
with an increased information density are
described. Information areas (4) which are
smaller than the write spot (V,) supplied by
a first diode laser (40) can be written by
means of a switched magnetic field. The areas
can be read with a read spot (V,) which is
smaller than the write spot, which read spot
is formed by radiation from, for example an
assembly of a second diode laser (42) and a

frequency doubler (43).

[ Figure 4 & 6 ]
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[err]mso that the information density in the radial directionis
increased by a factor of 1.5 with re- spect to that of known record
carriers having a groove width of 0.6 [err]mand an internedi ate track
width of 1 [err]m The prefornmed tracks may not only be fornmed by
grooves in the layer 54 but also by ridges on this |ayer. When using a
relief track structure with a given-tidaeck depth or height, these tracks can
al so be used during witing 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 enbodi rent of a
record carrier in which narrow information areas can be witten the

previ ously provided, narrowed tracks have a great- er magneti zation :
sensitivity than the rest of the information layer. The material within th
tracks may then have a different chem qpl conpogition than the materia
outside the tracks. Fig. 10 shows a pqu_fE—.ucm a record carrier in a
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section. This record carrier is distinguished fromthat of Fig. 8 in that
the layer 50 with the grooves is absent and in that the nagneto-optical

| ayer 54 is flat. This layer conprises strips whose chem cal conposition
slightly deviates fromthe rest of the |ayer, which strips constitute the
tracks 30'. Fig. 11 is a radial cross-section of a part of a record

carrier in which the tracks 30 -have a-g@eat- er magnetization sensitivity
than their anbi ence 31 because the magneto-optical |layer 54 is thinner at

- 27 - the area of the tracks than outside the tracks. Consequently the
material within the tracks is brought to the desired tenperatures at an
earlier 4 5 4 10 32]

(& D)5 Y

> FIG.5
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instant than the material in the rest of the |layer so that the

magneti zation direction is only reversed within the tracks at a given speed
of the wite spot with respect to the record carrier. Figs. 10 and 11
al so show that the protective |layer 56 may be a thicker |acquer layer with
a flat upper side instead of the thin SiQ2 layer with a profile, shown in

Fig. 8. - 3 28 -

CLAIMS 1. A method of witing and subsequent readi ng of information in
a magnet ooptical information | ayer (54) of a record carrier (1) by
means of diode | aser radi ation, which radiation is focused to a
diffraction- limted radiation spot on the information | ayer, and

by neans of a novenent of said radi ativ%gn svv(;t and

)

="
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t.he record carrier relative to each other, information " being witten by
| ocal |y changing, at the |ocation of the radiation spot fornmed by a

di ode laser wite beam (b[err]), the direction of magnetization of
areas - in the information | ayer by means of the diode |aser wite
beam and a magnetic field, the information areas (4) thus forned being
read by detection of the vari ation,4caused by the magnetization of the
i nfor- mation areas, of the state of polarization of a diode | aser
read beam information areas, whose dinen- sion in the direction of
novenment is smaller than that of the wite radiation spot (V[err]),
being witten by swtching the magnetic field in time intervals which
are shorter than the tine interval required to nove the record carrier
and the radiation spotamith rgppect 1o eaqﬂ ot her over a distance which
I's equal to thg Ansion di ati on spot in the dlrectlon of
novenent, charfg : S
di ode | aser
t han that of A N ) ey
and in that tR® XM SRDAL m " 53

| N A
O - ———
Ve L 545 Wy —32
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Ited radiation spot (V[err]) of the diode |aser read
simal  er than that of the di ode | aser

ef f ect ed.

sui tabl e for use of the rret hod of

i nformati on
record carrier,

spaced apart in the track width

than the wite

. beamis
beam wi 't h -whi-ch: witing is.

AUp6260-1 Zos

-29 - 2. A.record cangier

Chgim 1 comjrl skng a magneto opt | caI
| ayer extending over the entire §urfacg .area of the = -
and having a structurmsgw ously pr ovi ‘ded tracks
which--tracks..are nary
spot for writing information ‘areas .i.n the: tracks

Z&Er

acterized by nod,li ghtmethedlisi wﬁ’gng famdl subseguent reardln@doh of the
recordabl e informatio

record carrier as cﬂ{](?fgég Er%?g,%magne‘f”ogprhcél ¥Britafih layer 3 A

s

(54) of a record carrier (1) by means of diode 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 a diode laser write
beam (b,,), the direction of magnetization of areas
in the information layer by means of the diode laser
write beam and a magnetic field, the information
areas (4) thus formed being read by detection of the
variation, caused by the magnetization of the infor-
mation areas, of the state of polarization of a diode
laser read beam, information areas, whose dimen-
sion in the direction of movement is smaller than
that of the write radiation spot (V,,), being written by
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, characterized in that

reading is effected by means of a diode laser
read beam (b,) whose wavelength is shorter
than that of the diode laser beam with which
writing is effected, and in that the diffraction lim-
ited radiation spot (V,,) of the diode laser read
beam is smaller than that of the diode laser
beam with which writing is effected.

* c L M S *
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characterized in that the period of the track struc- ture, transverse to
the track direction, is smaller than 1.4 [err]m 4. A record carrier as
claimed in Claim2 or 3, characterized in that the track structure is a
relief structure and in that the nagneto-optical layer has a constant

t hi ckness and conprises a material in whng during witing information
areas are formed by neans of magnetic donfins starting froma core and
expandi ng outwardly. 5. Arecord carrier as clainmed in Caim4,

characterized ih t Marecordiegnres-sypitable for useabfi themaethed of _
T Characteri zed | CE T RBmpgisifg. 4rGhE G tigRI NS TRA A Cics has =
greater sensitivitjayer reagemdm overthdantire sultatkeareaastthe 7. A
magnet o- apt i cal T a}SPCRBCTREHET, féﬁbﬁﬁﬂé@‘?éaai%?“ £file B ARRUP o1 t on
than outside a traplfOVlded tracks spaced apart in the track width
direction , which tracks are narrower than the write

spot for writing information areas in the tracks char-
acterized by non light-shielding means for limiting

the width of the recordable information areas to the

width of the tracks.
3. A record carrier as claimed in Claim 2,

characterized in that the period of the track struc-
ture, transverse to the track direction, is smailer
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.

~ 5 A record carrier as claimed in Claim 4,
characterized 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.
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- 30 - 8. Arecord carrier as clainmed in Claim6, characterized in
that the thickness of the magneto- optical layer within a track is
different fromthat 9. An apparatus for performng the nmethod as cl ai ned

in Gaim1l, conprising a radiation source (40, 42, 43) for supplying
a scanni ng beam an objective System (35) for focusing the scanning
beamto a scanni ng spot on an information |ayer of a nagneto-
optical record carrier (1), a magnetic system for generating a

ic field
ngPgt : gn !sgnm ?t té&déJ%g‘?fgorbghépes%t &na(‘%?e‘?or cglr?%ﬁlmhégar adi ation
from the reehaiactenzeﬁarml ¢hat ntive ettviekness’ ofathe mmgrmq:etlc system

COITpI’I Si ng a rragnetlc coil connected to an ele %trl C rrent control

circuit havopdical i lawers withineia i rgck 1s difaranh rféOant nal to be

written and Svg.t Cr}A\n(‘]’apparatus for performing the method as claimed
in Claim 1, comprising a radiation source (40, 42,
43) for supplying a scanning beam, an objective
system (35) for focusing the scanning beam to a
scanning spot an an information layer of a magneto-
optical record carrier (1¥-a magnetic system for
generating a magnetic field at the location of the
scanning spot and a radiation-sensitive detection
system (18) for converting radiation from the record
carrier into electric signals, the magnetic system
comprising a magnetic coil connected to an electric
current control circuit having an input for receiving
an information signal to be written and switching the
polarity of the magnetic field in correspondence with
this information signal, thereby enabling to write in
magnetic domains which are substantially smaller
than the write radiation spot, characterized in that
the radiation source is a composite source for sup-
o plying either a write radiation beam (b,,) having a
first wavelength and a first intensity for forming a
write radiation spot, or a read radiation beam (b,)
having a second wavelength, which is substantially
shorter than the first wavelength, and a second
intensity, which is substantially smaller than the first
intensity, for forming a read radiation spot which is
substantially smaller than the write radiation spot
and is suited for reading said smaller domains.

o/
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polarity of the nagnetic field in correspondence with this

4 nformation signal,..thergby enabling to wite in magneti ¢ domai ns
whi ch are substantlally smal | er than the wite radiation spot,
characterized in that the radigtion source is a conposite source for
sup- plying either a wite radiation beam (b[err]) having a

fi | h, and .a f f d
spot, o & read 10ai 4N éé%%a%hq?f‘iéé{aa"he"é "WREHIE SucBhdnavel ength.
whi ch | d
sﬁelcgndI > Suﬁéfﬁhg#s#{m t\l/:)n tcﬁﬁgorr antla ?"yrf?sérrgﬁ Man t#g ?PI‘S?
intensity, floy aofmsbgdsodeaéasem inrr supplying ahwrte radiati@Bst antial |y
2@: e ;gs&ggﬁ\%&wr{&d?h@ #Relength %R?glﬁy“éﬁ °gs5em fegggggafg'sd
as claimed ighCl ain @ csetond 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 diode 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.

N
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t he di ode |
| aser beam and ‘a frequency-doubling ele-
radi ati on pat hs. '
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@ Method of and apparatus for writing and reading a magneto-optical record carrier.

& A method of and an apparatus for writing and
reading a magneto-optical record carrier (1) with an
increased information density are described. Infor-
mation areas (4) which are smaller than the write
spot (V) supplied by a first diocde laser (40) can be
written by means of a switched magnetic field. The
areas can be read with a read spot (V,) which is
smaller than the write spot, which read spot is
formed by radiation from, for example an assembly
of a second diode laser (42) and a frequency dou-
bler (43).
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