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gising current A problem which then occurs is the substantial heat
dissipation in the coil, the coil core The invention relates to a method of
recording in-  and the electronic drive circuitry. This heat dissipa-
formation on a record carrier having a magneto-opti-  tion is therefore a
restrictive factor In raising the re- cal recording layer, a pattern of
magnetic domains   5   cording velocity and/or increasing the magnetic
field having a first and a second direction of magnetisation  strength,
forexample in orderto increasethe distance being formed in the recording
layer by scanning the  from the coil to the recording layer. recording
layer with a radiation beam in order to tem-  It is an object of the
invention to provide a method porarily heat the recording layer locally,
the heated  as defined in the opening paragraph, which enables portions of
the recording layer being exposed to a   10  the heat dissipation in the
coil and/or the electronic magnetic field which is directed substantially
perpen-  drive circuitry to be reduced. dicularly to the recording layer
and which is generated  It is another object of the invention to provide an
by means of a coil, the coil being energised with an  apparatus as defined
in the second paragraph, for energising current which is modulated in
conformity  carrying out the method. with an information signal, during
which modulation   15  With respect to the method this object is achieved
the energizing current has a first polarity during first  in that the
radiation beam is pulse modulated, in that time Intervals and a second
polarity during second  the first and second time intervals are separated
by time intervals.                                    third time intervals
in which no energizing currents The invention further relates to a
magneto-opti-  are generated, the phase relation between the time cal
recording apparatus for recording information on   20  intervals in which
radiation pulses are generated and a record carrier having a recording
layer of a magne-  the first or second time intervals is maintained such
to-optical material, which recording apparatus com-  that cooling of the
heated portions of the recording prises an optical system for scanning the
recording  layer takes place substantially inside the first or sec- layer
by means of a radiation beam so as to locally  ond time intervals. heat the
scanned portion of the recording layer, a coil  25  With respect to the
apparatus said object is ach- forgenerating a magneticfleld in the scanned
portion  leved in that the recording apparatus comprises of the recording
layer, which field is directed substan-  means for the pulse-modulation of
the radiation tially perpendicularly to the recording layer, an ener-
beam, in that the energizing circuit is adapted to inter- gising circuit
for generating an energising current in  rupt the generation of the
energizing current during the coil,which current is modulated in conformity
with  30  third time intervals, which separate the first and sec- an
information signal, such thatduring first time inter-  ond time Intervals
from one another, and in that the vals the current has a first polarity and
during second  recording apparatus further comprises a synchroniz- time
intervals the current has a second polarity.  ing circuit for maintaining a
predetermined phase re- Such a method and apparatus are known from .
lationship between the time intervals in which the ra- European Patent
Specification EP-A 0,230,325. In  35  diation pulses of the radition beam
are generated the known method a constant intensity laser beam is  and the
first or second time intervals, such that the aimed at a rotating
magneto-optical disc by means of  cooling of the heated portions of the
recording layer an optical system to image a radiation spot on the
takesplacesubstantiallyinthefirstorsecondtimein- magneto-optical disc. The
portion of the magneto-  terval. optical disc which is scanned by the
radiation spot is  40  The invention is based Inter alia on the recogni-
heated to substantially the Curie temperature. The  tion of the fact that
if radiation energy is applied in the heated portion is magnetised by means
of a coil   form of pulses, the temperature throughout the re- which has a
core of asoft magnetic material and is ar-  cording layer has decreased to
substantially the am- ranged opposite the optical system, at the other side
bient temperature in the time intervals between the of the rotating
magneto-optical disc. The coil is ener-  45  radiation pulses, so that the
magnetic field need be gised with an alternating current modulated in con-
generated onlyduring the shorttime in which the por- formity with the
information signal, in such a way that  tion heated by the radiation pulse
cools. Therefore, the heated portion is magnetised in a direction which
the coil has to be energised only briefly, which results depends on the
instantaneous polarity of the alternat-  In a reduced heat dissipation. ing
current. The magnetisation is preserved after  so  Another advantage of the
recording method in ac- cooling. In this way a pattern of magnetic domains
cordance with the invention is that during heating of representative of the
information signal Is formed in  the recording layer the temperature
gradient in the the recording layer.                               boundary
region of the magnetic domain to be formed This recording method has the
advantage that a  is very high, so that the accuracy with which the boun-
previously formed pattern of magnetic domains can   55  daries of the
magnetic domain are formed Is high. be overwritten. in order to achieve an
adequate re-  When the pattern of magnetic domains is subse- cording
velocity a small low inductance coil is used,  quently read, this results
in an improved signal-to- which is energised with a comparatively large
ener-  noise ratio. 2    



3                   EP 0 341 778 B1                    4 Another advantage
of the pulsed supply of the ra-  is characterized in that the optical
system comprises diation energy is that the laser load is reduced, which
focusing means for focusing the radiation beam, the leads to a longer
service life of the laser.      recording apparatus comprising means for
maintain- Further advantage of the pulsed supply of the ra-  ing a
predetermined distance between the focusing diation energy is thatthe
thermal load of the recording   5   means and the recording
layerinordertofocusthe ra- layer and hence the rate of ageing of the record
car-  diation beam on the recording layer, and in that the rier, Is reduced
in comparison with a radiation beam  core of the coil is
radiation-transmitting and is mech- of constant intensity.
anically coupled to the focusing means, the coil being A preferred
embodiment of the method is charac-  arranged in such a way that the
radiation beam is pro- terized in that the time Intervals in which the
radiation   10  jected onto the recording layervia the core of the coil.
pulses and the energising-current pulses are gener-   This embodiment
advantageously utilizes the ab- ated partly overlap one another.
sence of a coil core of a magnetic material. The mech- This embodiment has
the advantage that the     anical coupling between the focusing means and
the magnetic field is always present at the end of the ra-  magnet coil
ensures that the distance between the diation pulse, at which instant the
temperature in the   15  magnet coil and the recording layer is maintained
recording layer is maximal, so that the size of the por-  constant during
recording. This has the advantage tion heated above the write temperature
is also max-  that the conditions under which the heated portion of imal.
the recording layer is magnetised are maintained con- Another embodiment of
the method is character-  stant in a very simple manner, which is
beneficial for ized in that the coil is of a type having a core of a non-
20  the recording quality. magnetic material.
Further embodiments and the advantages there- If in this embodiment a
magnetic field of the same  of will now be described in more detail
hereinafter strength is generated the heat dissipation as a result  with
reference to Figs. 1 to 13, of which of the resistive losses in the coil
turns will be larger  Fig. 1 shows an embodimentof a recording appa- than
in the case of a coil having a core of a magnetic  25  ratus in accordance
with the invention, material, but this is offset by the fact that no heat
is  Figs. 2, 9 and 11 show the intensity of the  radia- dissipated in the
core material. When the frequency   tion beam, the energising current for
generating of the energising current is increased the dissipation  the
magnetic field and the resulting magnetic-do- in the magnetic material of a
coil having a magnetic  main patterns for different embodiments of the core
will increases at substantially faster rate than the   30  invention, heat
dissipation in the coil turns. Indeed, above a   Fig. 3 represents a
radiation pulse, the resulting specificfrequency the heat dissipation in
the magnet-  temperature change in the recording layer, and ic material
will be very dominant. Therefore, the last-  an energising-current pulse as
a function of time, mentioned embodiment ofthe method is verysuitable
Figs. 4 and 5 illustrate the effect of the phase dif- for high recording
velocities owing to the absence of  35  ference between the radiation
pulses and the en- a core of a magnetic material.
ergising pulses on the signal-to-noise ratio, An embodiment of a recording
apparatus which       Figs. 6 and 7 illustrate the temperature variation is
very suitable for recording binary Information sig-  in the recording layer
when this layer is heated nals having a specific bit rate Is characterized
in that  with a pulsating radiation beam and with a con- the synchronising
means are adapted to synchronise  40  stant-intensity beam respectively,
the generation of the radiation pulses and of the en-  Figs. 8 and 10 show
different synchronising cir- erguing-current pulses with the bitrate of the
informa-  cuits for use in the recording apparatus, tion signals and in
that the means for modulating the  Fig. 12 shows a further embodiment of
the re- energising current are adapted to generate energis-   cording
apparatus in accordance with the inven- ing-current pulses of a polarity
dictated by the logic  45  tion, and value of the information signal.
Fig. 13 shows an example of the coil foruse in the An embodiment of the
recording apparatus which    recording apparatus. is very suitable for
recording FM modulated signals is  Fig. 1 shows an embodiment of an
apparatus in characterized in that the synchronising means com-  accordance
with the invention for recording informa- prise an oscillator for
generating an FM-modulated   50  tion on a disc-shaped record carrier 1.
The record car- periodic signal, means forgenerating radiation pulses  rier
comprises a transparent substrate 3 provided In synchronism with the
periodic signal, and means  with a magneto-optical recording layer 2 of a
custom- for generating energising-current pulses In synchron-  ary type,
for example as described in "PHILIPS Tech- ism with the periodic signal, in
such a way that a num-  nical Review", Vol. 42, no. 2, pp. 38-47. The
recording ber of energising current pulses of a first polarity al-  55
layer 2 is covered with a protective coating 4. The ap- ways alternates
with an equal number of energising  paratus comprises a turntable 5 and a
drive motor 6 current pulses of opposite polarity.               for
rotating the record carrier 1 about its axis. An opt- Another embodiment of
the recording apparatus   ical system in the form of a customary optical
head 7 3    



5                   EP 0 341 778 B1                  6 is arranged opposite
the rotating record carrier 1. The  22a Is permanently magnetised In a
direction of mag- optical head 7 comprises a radiation source in the
netisation defined by the polarity of the energising form of a
semiconductor laser 8 for generating a radi-  current pulse 21 a. After the
area 22a of the recording ation beam which is concentrated to form a tiny
radi-  layer has cooled sufficiently, the generation of the ation spot on
the recording layer 2 by means of a sys-   5   magnetic field is
discontinued by termination of the tern of lenses 10and
11.Attheothersideofthe record  energising pulse 21a until during the next
radiation carrier 1, opposite the optical head 7, a coil 12 is ar-  pulse
20b the area 22b is heated above the write tem- ranged which, when
energised, produces a magnetic   perature Ts and the area 22b is magnetised
as a re- field which is directed substantially perpendicularlyto  sultof
the coil 12 being energised with the energising- the portion of the
recording layer2 scanned by the ra-  10  current pulse 21b. In the train of
energising-current diation beam 9.
pulses21 shown in Fig. 2 the energising-current pulse A laser modulation
circuit 13 of a customary type  21 b has a polarity opposite to the
polarity of the en- produces control pulses for the semiconductor laser
ergising-current pulse 21a, so that the direction of 8, so that the laser 8
generates radiation pulses hav-  magnetisation in the area 22b is also
opposed to the Ing a length of for example 80 ns. An energising circuit  15
direction of magnetisation in the area 22a. The area 14 generates
energising current pulses of a first and  22b partly overlaps the area 22a,
so that the direction a second polarity, which energising current pulses
are  of magnetisation in the overlapping portion of 22a is applied to the
coil 12. A synchronising circuit 15 de-  reversed. After the magnetisation
of the area 22b the rives from an information signal VI control signals of
areas 22c, ..., 22g are magnetised by means of the ra- equal frequency for
the laser modulation circuit 13   20   diation pulses 20c, ..., 20g and the
energising-current and the energising circuit 14, a fixed relationship be-
pulses 21c, ..., 21g, yielding a pattern of magnetic do- ing maintained
between the control signal, in such a  mains 23 having a first direction of
magnetisation and way that the energising-current pulses are generated
domains 24 having a second direction of magnetisa- with a specific time
delay relative to the radiation  tion as is shown in Fig. 2. pulses. The
delay time is selected In such a way that  25  It is to be noted thatthe
direction of magnetisation the radiation pulses and the energising-current
puls-  outside the domains 23 and 24 is not indicated In Fig. es partly
overlap one another. The radiation pulses  2. In reality the recording
layer outside said domains and energising pulses thus generated are shown
as   is magnetised in one of the two possible directions. a function of
time in Fig. 2, the radiation pulses bear-  The method of recording
Information described in ing the reference numerals 20a, ..., 20g and the
en-  30  the foregoing has the advantage that the coil 12 has
ergising-current pulses bearing the reference numer-  to be energised only
during the very shortcooling per- ais 21a, ..., 21g.
iod of the areas 20, enabling the heat dissipation as How the control
signals for the laser modulation  a result of the ohmic losses in the coil
turns to be lim- circuit 13 and the energising circuit 14 are derived
ited. Moreover, this also enables the heat dissipation from the information
signal Vi will be described in de-  35  in the energising circuit 14 to be
limited. tail hereinafter. However, first the write process will  Although
the method is also advantageous in the be described with reference to Figs.
2 and 3.       case of coils having cores of a magnetic material, the Fig.
3 shows the radiation pulse 20a and the en-  use of a coil without a core
of a magnetic material is ergising pulse 21a to a highly enlarged time
scale.  to be preferred at high write velocities. When the core The
reference numeral 30 In Fig. 3 indicates the tem-  40   of a magnetic
material Is dispensed with a larger en- perature variation as a function of
time for the area  ergising current will be required for a magnetic field
22a (see Fig. 2) of the recording layer 2 which Is irra-  of the same
strength resulting in an increase of the re- diated by the radiation pulse
20a. As a result of the ap-  sistive losses in the coil, but at very high
frequencies plied radiation energy the temperature In the area 22a  this
increase is outweighed by the very strong In- rapidly rises above the write
temperature Ts, which Is  45   crease of the heat dissipation in the
magnetic material the temperature above which the direction of magne-
occurring when the frequency is increased. Indeed, tisation of the
recording layer can be changed by the  the heat dissipation In the magnetic
material is far generated magnetic field. The write temperature Ts is  more
frequency-dependent than the increase of the generally situated In the
proximity of the Curie tem-  ohmic losses at increasing frequency. perature
of the material of the recording layer.  50    Figs. 4 and 51 llustrate the
effect of the size of the At the end of the radiation pulse 20a the
material  overlap of the radiation pulses 20 and the energising- cools very
rapidly to approximately the ambient tem-  current pulses 21 on the
signal-to-noise ratio when perature as a result of the heat transfer in the
record-  the pattern of magnetic domains thus formed Is read. ing layer 2.
in Fig. 4 the end of the radiation pulse 20 Is di- The delay and the length
of the energising-cur-  55   cated by [err] and the beginning of the
energising-cur- rent pulses 21a have been selected in such awaythat  rent
pulse is indicated by t1. The time interval t1-t0 is cooling of the
recording layer takes place during the  designated by T. Fig. 5 gives the
signal-to-noise ratio generation of energising pulse 21a, so that the area
as a function of the time interval T. A measurement 4    



7                   EP 0 341 778 B1                8 conducted for a pulse
width of 50 ns has shown that  zero crossing of the information signal Vi
determines the signal-to-noise ratio is optimum if the beginning  the phase
difference between this zero crossing and of the energising current pulse
is situated approxi-  the dock signal Vcl. The phase detector 80 supplies
mately 12 ns before the end of the radiation pulse.  a signal which is
Indicative of the detected phase dif- Fig. 6 Illustrates the temperature
variation in the   5   ference to a voltage controlled oscillator 81 via a
loop scanning direction (x) in the case that the duration of  filter 82.
The oscillator generates a periodic signal of the radiation pulses is 80
ns, the scanning velocity is  a frequency which is an Integral multiple of
the chan- 1.2 m/s and the frequency of the radiation pulses Is  nel-clock
signal Vcl, from which periodic signal the 4.32 MHz. These values for the
frequency and scan-  channel-cock Vcl is derived by frequency division by
ning velocity correspond to the customary bit rate and   10  means of a
counter 83. The phase detector 80, the scanning velocity when digital
signals are recorded in  loop filter 82, the voltage-controlled oscillator
81 and conformity with the CD standard. The reference nu-  the counter 83
constitute a phase-locked loop circuit merals 60, 61, 62, 63, 64 and 65
indicate the temper-  of a customary type. ature variation at the beginning
of the radiation pulse  The count of the counter 83 is applied to the de-
and 20 ns, 40 ns, 60 ns, 80 ns and 100 ns after the   15  code circuit 85
via a bus 84, which decoder circuit beginning of the radiation pulse. As is
apparent from  generates three logic "1" signals 86a, 86b and 86c Fig. 6
the temperature rises above the write temper-  when three consecutive
counts are reached. The sig- ature Ts during the generation of the
radiation pulse,  nals 86a and 86b are applied to the inputs of a two-
until the maximum temperature is reached at the end  input AND gate 87. The
output signal of the AND gate of the radiation pulse (after 80 ns).
Afterthis the tem-  20  87 is applied to the laser modulation circuit 13,
which perature decreases very rapidly below the write tem-  is responsive
to every pulse of the output signal of the perature Ts. For the positional
accuracy of the boun-  AND gate 87 to generate a pulse shaped control sig-
daries of the magnetic domain to be formed it is im-  nal for the laser 8.
The signals 86b and 88c are ap- portant that the temperature gradient at
the location  plied to a two-input AND gate 88. The output signal of of the
domain boundaries is high. The domain boun-  25  the AND gate 88 serves as
the control signal for an daries are situated at location where the
temperature  electronic switch 89. The information signal Vi Is ap- of the
recording layer Intersects the write tempera-  plied to a first input of
the switch 89, a second Input ture. In Fig. 6 these locations bear the
reference nu-  of the switch 89 being connected to earth potential. merals
66 and 67.                                  Depending on the logic value of
the control signal re- It will be appreciated that the influence of fluctu-
30  ceived from the AND gate 88 the electronic switch 89 ations in ambient
temperature, variations in write sen-  connects the output of the switch 89
to the first or to sitivity and the magnetic field strength on the posi-
the second input of the switch 89. The resulting signal tional accuracy of
the boundary of the magnetic do-  90 on the output of the switch 89
comprises a pulse main being formed, decreases as the temperature   train
of a frequency equal to the bit rate of the signal gradient In the boundary
region increases.    35  Vi, the polarity of the pulses being dependent
upon It is to be noted that the temperature gradient In-  the Instantaneous
polarityof the Information signal Vi. creases as the required energy is
applied to the re-  The signal 90 is applied to the energising circuit 14.
cording layerwithin a shorter time. Therefore, it is ad-  The energising
circuit 14 may comprise, for example, vantageous to select radiation pulses
of a small   a high power voltage amplifier 91 which generates a length
relative to the pulse repetition time.  40  voltage proportional to the
input voltage of the ampli- By way of illustration Fig. 7 shows the
tempera-  fier 91. The output of the amplifier 91 is connected to ture
variation in the recording layer In the case that  the coil 12 via a
resistor 92, the resistor 92 serving to the recording layer is scanned with
a constant-inten-  limit the energising current The resistance value of
sity radiation beam. As will be apparent from a com-  the resistor 92 and
the inductance of the coil 12 are parison of the temperature variations in
Figs. 6 and 7,  45  adapted to one another in such a way that the time the
temperature gradient in the case of scanning with  constant of the RL
circuit thus formed is small relative a constant-intensity radiation beam
is substantially  to the pulse width of the energising-current pulse. lower
than in the case of scanning with a pulsed radi-  In addition to the
information signal Vi and the ation beam.
channel clock signal Vol Fig. 9 shows the radiation Fig. 8 shows a first
example of a synchronising   50  pulses 20 and the energising current
pulses 21 gen- circuit 15 suitable for controlling the recording proc-
erated by the circuit of Fig.8 and the resulting. pattern ess of a digital
information signal VI of a specific bit  of magnetic domains 23 and 24. In
the pattern thus rate, for example an NRZ modulated signal as shown  formed
the portions of the signal Vi having a high sig- in Fig. 9. The
synchronising circuit shown in Fig. 8  nal level are represented by the
domains 24 and the comprises a circuitfor recovering a channel clock sig-
55  portions of the signal Vi having a low signal level are nal Vcl of a
frequency equal to the bit rate of the in-  represented by the domains 23.
formation signal Vi. Such a circuit may comprise a    Fig. 10 shows a
second example of a synchron- phase detector 80 ofa customarytypewhich
atevery   ising circuit 15 suitable for recording FM modulated 5    



EP 0 341778 B1                  10 signals. The circuit comprises a voltage
controlled os-  and 9b which are aimed at the system of radiation cillator
100 for generating a periodic pulse shaped  sensitive detector 122. With
this generally known signal Vcl whose frequency is modulated in conform-
method the difference in intensity between the sub- ity with the input
signal Vi'. The signal Vi' and the FM  beams 9a and 9b is a measure of the
focusing error. modulated signal Vcl are shown in Fig. 11. It is to be   5
The subtractorcircuit 123 devices a signal which is in- noted that Fig. 11
shows only three different signal  dicative of said intensity difference
from the meas- levels for the signal Vi'. However, it will be appreciat-
urement signals supplied by the detector 122. Said ed that the signal level
for the signal Vl' can assume  signal is applied to the control circuit
124, which gen- any arbitrary value between a minimum and a maxi-  erates
such a control signal for the actuator 125 that mum level. The control
signal forthe lasermodulation   10  the actuator 125 keeps the radiation
beam infocuson circuit 13 is derived directly from the FM modulated  the
recording layer 2 by moving the lens 11, which signal Vcl' by means of a
delay circuit 101, which de-  means that the distance between the lens 11
and the lays the signal Vcl' by aspecific time. The control sig-  recording
layer 2 is maintained constant. nal for the energising circuit 14 is also
derived from  If the coil 12 is a coil having a transparent core, the FM
modulated signal. For this purpose the syn-  15  for example an air-core
coil, the coil 12 may be se- chronising circuit 15 comprises a frequency
divider  cured to the underside of the lens 11 in such a way 102, which
derives from the signal Vcl an NRZsignal  that the radiation beam 9 is
aimed at the recording 103 having a frequency which is a submultiple of the
layer via the transparent core of the coil 12. Such a frequency of the
signal Vcl'(for example a quarter) .  construction has the advantage that
the distance be- The signal Vi', the signal Vcl' and the output signal  20
tween the coil 12 and the recording layer is main- 103 of thefrequency
divider 102 are shown in Fig. 11.  tained constant during recording, which
means that The signal 103 is applied to a first input of an electron-  the
conditions under which the area of the recording Ic switch 104. A second
input of the electronic switch  layer 2 heated by the beam 9 is magnetised
always 104 is connected to earth potential. The control signal  remain
constant, which is beneficial for the recording for the electronic switch
104 is derived directly from   25  quality. the signal Vcl' by means ofa
delay circuit 105. The de-  Fig. 13 shows an example of the air-core coil
12, lay times of the delay circuit 105 and the delay circuit  its shape
being chosen In such a way that the heat 101 are selected in such a way
that the output signal  dissipation in the coil is minimized for a given
diame- of the circuit 105 lags the output signal of the circuit  ter D and
a distance L from the record carrier 1. 101 to such an extentthat the
beginning of a pulse on   30  This optimum coil shape can be determined as
the output of the circuit 105 appears before the end  follows. The position
of the first turn 130a of the coil of the associated pulse on the output of
the circuit  12 is dictated by the choice of Land D. Subsequently, 101.
Fig' 11 also shows the radiation pulses 20, the   the position of the next
turn is selected in such a way energising pulses 21 and the associated
pattern of  that the ratio between the dissipation In this turn and
magnetic domains 23 and 24 obtained by means of  35  the magnetic field
produced in the record carrier 1 by the circuit shown in Fig. 10.
this turn is minimal. The position of the following turn The embodiment of
the invention shown in Figs.  Is determined in a similarway. This procedure
of add- 10 and 11 advantageously utilises the fact that suc-  ing turns is
continued until the magnetic field pro- cessive areas 22 overlap one
another so that the   duced by all the turns is adequate. length of the
domains can be changed within specific  40 limits by varying the frequency
with which the radia- tion pulses 20 and the energising-current pulses are
Claims generated. A contiguous domain is always obtained If the spacing
between two consecutive pulses is so   1. A method of recording information
on a record small that the areas 22 overlap one another.  45      carrier
(1) having a magneto-optical recording Fig. 12 shows anotherembodiment of
the record-    layer (2), a pattern of magnetic domains (23,24) Ing
apparatus In accordance with the invention. In    having a first and a
second direction of magneti- Fig. 12 components corresponding to the compo-
sation being formed in the recording layer by nents in Fig. 1 bear the same
reference numerals.     scanning the recording layer (2) with a radiation
The recording apparatus shown in Fig. 12 comprises  50  beam (9) in order
to temporarily heat the record- a focus control system of a customary type
compris-   ing layer(2) locally, the heated portions of the re- ing the
lens 11, a semi-transparent mirror 120, a roof  cording layer being exposed
to a magnetic field prism 121, a system of radiation sensitive detectors
which is directed substantially perpendicularly to 122, a subtractorcircult
123, acontrol circuit 124, and  the recording layer and which is generated
by an actuator 125. The beam reflected from the record-  55  means of a
coil (12), the coil being energized with ing layer 2 is passed to the roof
prism 121 by means  an energising current which is modulated in con- of the
semi-transparent mirror 120. The roof prism    formity with an information
signal, during which 121 splits the radiation beam Into two sub-beams 9a
modulation the energizing current has a first po- 6    



EP 0 341 778 B1            10 signals. The circuit comprises a voltage
controlled os-  and 9b which are aimed at the system of radiation cillator
100 for generating a periodic pulse shaped  sensitive detector 122. With
this generally known signal Vol' whose frequency is modulated in conform-
method the difference in intensity between the sub- ity with the input
signal Vi`. The signal Vi and the FM  beams 9a and 9b is a measure of the
focusing error. modulated signal Vcl' are shown in Fig. 11. It is to be   5
Thesubtractorcircuit 123 devices asignal which is in- noted that Fig. 11
shows only three different signal  dicative of said intensity difference
from the meas- levels for the signal Vi'. However, it will be appreciat-
urement signals supplied by the detector 122. Said ed that the signal level
for the signal VI' can assume  signal is applied to the control circuit
124, which gen- any arbitrary value between a minimum and a maxi-   erates
such a control signal for the actuator 125 that mum level. The control
signal forthe laser modulation   10  the actuator 125 keeps the radiation
beam infocuson circuit 13 is derived directly from the FM modulated  the
recording layer 2 by moving the lens 11, which signal Vcl by means of a
delay circuit 101, which de-  means that the distance between the lens 11
and the lays the signal Vcl' by a specific time. The control sig-
recording layer 2 Is maintained constant. nal for the energising circuit 14
is also derived from  If the coil 12 is a coil having a transparent core,
the FM modulated signal. For this purpose the syn-  15  for example an
air-core coil, the coil 12 may be se- chronising circuit 15 comprises a
frequency divider  cured to the underside of the lens 11 in such a way 102,
which derives from the signal Vcl an NRZ signal  that the radiation beam 9
is aimed at the recording 103 having a frequency which is a submultiple of
the  layer via the transparent core of the coil 12. Such a frequency of the
signal Vcl(for example a quarter) .  construction has the advantage that
the distance be- The signal Vi', the signal Vcl and the output signal  20
tween the coil 12 and the recording layer is main- 103 of the frequency
divider 102 are shown in Fig. 11.  tained constant during recording, which
means that The signal 103 is applied to a first input of an electron-  the
conditions under which the area of the recording Ic switch 104. A second
input of the electronic switch  layer 2 heated by the beam 9 is magnetised
always 104 is connected to earth potential. The control signal  remain
constant, which is beneficial for the recording for the electronic switch
104 Is derived directly from   25   quality. the signal Vcl by means ofa
delay circuit 105. The de-  Fig. 13 shows an example of the air-core coil
12, lay times of the delay circuit 105 and the delay circuit  its shape
being chosen in such a way that the heat 101 are selected in such a way
that the output signal  dissipation in the coil is minimized for a given
diame- of the circuit 105 lags the output signal of the circuit  ter D and
a distance L from the record carrier 1. 101 to such an extent that the
beginning of a pulse on   30  This optimum coil shape can be determined as
the output of the circuit 105 appears before the end  follows. The position
of the first turn 130a of the coil of the associated pulse on the output of
the circuit  12 Is dictated by the choice ofLand D. Subsequently, 101. Fig.
11 also shows the radiation pulses 20, the  the position of the next turn
is selected in such a way energising pulses 21 and the associated pattern
of  that the ratio between the dissipation in this turn and magnetic
domains 23 and 24 obtained by means of  35  the magnetic field produced in
the record carrier 1 by the circuit shown in Fig. 10.
this turn is minimal. The position of the following turn The embodiment of
the invention shown In Figs.   is determined In a similarway. This
procedure of add- 10 and 11 advantageously utilises the fact that suc-  ing
turns is continued until the magnetic field pro- cessive areas 22 overlap
one another so that the    duced by all the turns is adequate. length of
the domains can be changed within specific  40 limits by varying the
frequency with which the radla- tion pulses 20 and the energising-current
pulses are  Claims generated. A contiguous domain is always obtained If the
spacing between two consecutive pulses is so    1. A method of recording
information on a record small that the areas 22 overlap one another.   45
carrier (1) having a magneto-optical recording Fig. 12 shows another
embodiment of the record-     layer (2), a pattern of magnetic domains
(23,24) ing apparatus in accordance with the invention. In      having a
first and a second direction of magneti- Fig. 12 components corresponding
to the compo-         sation being formed in the recording layer by nents
in Fig. 1 bear the same reference numerals.      scanning the recording
layer (2) with a radiation The recording apparatus shown in Fig. 12
comprises  50  beam (9) In order to temporarily heat the record- a focus
control system of a customary type compris-    ing layer (2) locally, the
heated portions of the re- ing the lens 11; a semi-transparent mirror 120,
a roof  cording layer being exposed to a magnetic field prism 121, a system
of radiation sensitive detectors   which is directed substantially
perpendicularly to 122, a subtractorcircuit 123, a control circuit 124, and
the recording layer and which is generated by an actuator 125. The beam
reflected from the record-  55  means of a coil (12), the coil being
energized with ing layer 2 is passed to the roof prism 121 by means   an
energising current which Is modulated in con- of the semi-transparent
mirror 120. The roof prism     formity with an information signal, during
which 121 splits the radiation beam into two sub-beams 9a     modulation
the energizing current has a first po- 6    



11                  EP 0 341 778 B1                  12 larity during first
time intervals and a second po-  extent that the first or second time
intervals and larity during second time intervals, characterized  the time
Intervals in which radiation pulses (20) in that the radiation beam is
pulse modulated, in   are generated partly overlap each other. that the
first and second time intervals are sepa- rated by third time intervals in
which no energiz-   5   6. Arecording apparatus as claimed in Claim4 or5,
ing currents are generated, the phase relation be-  for recording a binary
information signals having tween the time intervals in which radiation
pulses  a specific bit rate, characterized in that the syn- are generated
and the first or second time inter-   chronizing circut (15) is adapted to
synchronize vals is maintained such that cooling of the heated  the time
Intervals in which the radiation pulses portions of the recording layer
takes place sub-  10  (20) are generated and thefirstorsecond time in-
stantlally inside the first or second time intervals.  tervals with the bit
sequence generation of the in- formation signal, and in that the means (14)
for 2. A method as claimed in Claim 1, characterized in     modulating the
energizing current are adapted to that the first and second time intervals
partly     generate the energizing current in the first and overlap the
time intervals in which the radiation   15  second time intervals with a
polarity dictated by pulses are generated.
the logic value of the information signal. 3. A method as claimed in Claim
1 or 2, character-  7. A recording apparatus as claimed in Claim 6, ized in
that the coil (12) is of a type having a core  characterized in that the
recording apparatus of a non-magnetic material.                 20
comprises an oscillator (81) for generating a per- iodic signal, in that
the synchronizing circuit (15) 4. A magneto-optical recording apparatus for
re-       is adapted to derive the generation instants for cording
information on the record carrier (1) hav-  the radiation pulses (20) and
the first or second ing a recording layer(2) of a magneto-optical ma-  time
intervals from the periodic signal, and in that terial, which recording
apparatus comprises an   25  the synchronizing circuit (15) further
comprises optical system (7) for scanning the recording lay-  means for
maintaining a fixed phase relationship er (2) by means of a radiation beam
(9) so as to    between the information signal and the periodic locally
heat the scanned portion of the recording   signal. layer, a coil (12) for
generating a magnetic field in the scanned portion of the recording layer
(2),  30   8. A recording apparatus as claimed in Claim 7, which field is
directed substantially perpendicu-   characterized in that the apparatus
comprises larly to the recording layer (2), an energizing cir-
phase-comparison means (80 fordetermining the cuit (14) for generating an
energizing current in   phase difference between the periodicsignal and the
coil, which current is modulated in conformity  the information signal and
means (82) for syn- with an information signal, such that during first  35
chronizing the information signal with the periodic time intervals the
current has a first polarity and  signal depending on the detected phase
differ- during second time Intervals the current has a      ence. second
polarity, characterized in that the record- ing apparatus comprises means
(13) for the       9. A recording apparatus as claimed in Claim 7, for
pulse-modulation of the radiation beam, In that  40  recording an FM
modulated signal, characterized the energizing circuit (14) is adapted to
Interrupt  in that the synchronizing circuit (15) comprise an the
generation of the energizing current during     oscillator (100) for
generating an FM-modulated third time intervals, which separate the first
and  periodic signal, means for generating radiation second time Intervals
from one another, and in      pulses (20) in synchronism with the periodic
sig- that the recording apparatus further comprises a   45  nal, and means
forgenerating the energizing cur- synchronizing circuit (15) for
maintaining a prede-  rent in the first and second intervals in synchron-
termined phase relationship between the time in-    ism with the periodic
signal, In such a way that a tervals in which the radiation pulses (20) of
the ra-  number of first time intervals always alternates diation beam are
generated and the first or sec-    with an equal number of second time
Intervals. end time intervals, such that the cooling of the   50 heated
portions of the recording layertakes place  10. A recording apparatus as
claimed in any one of substantially in the first or second time interval.
the Claims 4 to 8, characterized in that the coil (12) is of a type having
a core of a non-magnetic 5. A recording apparatus as claimed in Claim 4,
material. characterized in that the predetermined phase re-  55 lationship
is selected in such a way that the first  11. A recording apparatus as
claimed in Claim 10, or second time Intervals lag the time Intervals in
characterized in that the optical system compris- which radiation pulses
are generated to such an     es focusing means (11) for focusing the
radiation 7    13                  EP 0 341 778 B1                  14 



beam, the recording apparatus comprising            Aufzeichnung von
Information aufdem Aufzeich- means (122, 123, 124, 125) for maintaining a
pre-   nungstrager (1) mit einer Aufzeichnungsschicht determined distance
between the focusing            (2) aus magnetooptischem Material, wobei
die means (11) and the recording layer(2) in orderto
Aufzeichnungseinrichtung sin optisches System focus the radiation beam (9)
on the recording lay-   5  (7) zum Abtasten der Aufzeichnungsschicht (2) er
(2), and in that the core of the coil (12)is radi-  mit Hilfe elnes
Strahlungsbundeis (9) umfakt, um ation-transmitting and is mechanically
coupled to   so den abgetasteten Tell der Aufzelchnungs. the focusing
means, the coil (12) being arranged    schicht lokal zu erwarmen, sowbe
eine Spule (12) In such a way that the radiation beam (9) is pro-   zur
Erzeugung eines Magneffeides im abgeta- jected onto the recording layer (2)
via the core of  io  steten Tell der Aufzeichnungsschlcht (2), wobel the
coil (12).                                      dieses Feld nahezu
senkrecht auf die Aufzeich- nungsschicht (2) gerichtet ist, und eine
Erreger- schaltung (14) zur Erzeugung eines Erreger- PatentansprOche
stroms in der Spule, wobel der Strom einem In- 15      formationssignal
entaprechend moduliert ist, so 1. Verfahren zur Aufzeichnung von
Information auf      daB der Strom wahrend ersterZeitintervalle eine elnem
Aufzeichnungstrager (1) mit einermagne-       erste Polarifitaund wahrend
zweiterZeKintervalle tooptischen Aufzeichnungsschicht (2), wobei
eine zwelte Polaritit hat, dadurch gekennzeich- durch Abtasten
derAufzeichnungsschicht (2) mit      net, daB die Aufzeichnungseinrichtung
MKtel einem Strahlungsbundel (9) zur vorubergehen-  20    (13) zur
Pulsmodulation des Strahlungsbindels den lokalen Erwarmung der
Aufzeichnungs-            umfallt, dal die Erregerschaltung (14) zur Unter-
schicht (2) in der Aufzeichnungsschicht ein Mu-     brechung der Erzeugung
des Erregerstroms ster magnetischerDomanen (23, 24) mit einer er-
wahrend dritter Zeitintervalle, die die ersten und sten und einer zweiten
Magnetisierungsrichtung      zwelten Zeitintervalle voneinander trennen,
ein- gebildetwird, wobel die erwarmten Telle derAuf-  25  gerichtet ist,
und daB die Aufzeichnungseinrich- zeichnungsschicht einem Magnetfeld
ausgesetzt       tung welterhin eine Synchronisationsschaltung werden, das
nahezu senkrecht auf die Aufzebch-      (15) umfagt, um eine zuvor
bestimmte Phasen- nungsschicht gerichtet wird und mit Hilfe elner
beziehung zwischen den Zeitintervallen, in de- Spule (12) erzeugt wird,
wobei die Spule mIt ei-    nen die Strahlungsimpulse (20) des Strahlungs-
nem Erregerstrom erregt wird, der einem Infor-  3o  bundels erzeugt werden,
und den ersten oder mationssignal entsprechend moduliert st, wobel
zweiten Zeitintervallen aufrecht zu erhalten, so wahrend dieser Modulation
der Erregerstrom          daI das Abk~hlen der erwarmten Teile der Auf-
wahrend erster Zeitintervalle eine erste Polaritat  zeichnungsschicht im
wesentlichen in dem er- und wahrend zweiter Zeitintervalle eine zweite
sten oder zweiten Zeitintervall erfolgt. Polaritit hat, dadurch
gekennzebchnet, daB das   35 Strahlungsbflndel pulsmoduliert Ist, daB die
er-  5. Aufzeichnungseinrichtung nach Anspruch 4, da- sten und zwelten
Zeitintervalle durch dritte ZeK-   durch gekennzeichnet, daB die zuvor
bestimmte Intervalle getrennt werden, in denen keine Erre-
Phasenbeziehung so gewahit wird, daa die er- gerstrome erzeugt werden, die
Phasenbezie-          sten oder zweiten Zeitintervalle den Zeitinterval-
hung zwischen den Zeltintervallen, in denen   4o    len, In denen
Strahlungsimpulse erzeugtwerden, Strahlungsimpulse erzeugt werden, und den
er-      In einem sodchen Ausmaa nacheilen, daa die er- sten und zweiten
Zeitintervallen aufrechterhal-     sten oderzweltenZeitintervalle und die
Zeitinter- ten wird, so daB Kflhlung dererwarmten Telle der    valle, In
denen Strahlungsimpulse (20) erzeugt Aufzeichnungaschicht im wesentlichen
inner-         werden, einander teilweise Oberlappen. halb derersten
oderderzwelten Zeitintervalle er-  45 folgt.
6. Aufzeichnungseinrichtung nach Anspruch 4 oder 5, zum Aufzeichnen
binfirer Informationssignale 2. Verfahren nach Anspruch 1, dadurch gekenn-
mit einer bestimmten Bitrate, dadurch gekenn- zebohnet, daB die ersten und
zweiten Zeitinterval-  zeichnet, daa die Synchronisationsschaltung le die
Zeitintervalle, be! denen die Strahlungaim-   5o  (15) zum Synchronisieren
der Zeitintervalle, in pulse erzeugt werden, teilwelse Oberlappen.
denen die Strahlungsimpulse (20) erzeugt wer- den, und der ersten oder
zweiten Zeltintervalle 3. Verfahren nach Anspruch I oder 2, dadurch ge-
mit der Bitfolgenerzeugung des Informationssi- kennzebchnet, daldieSpule
(12)von elnerArtist,      gnals elngerichtet Ist, und daa die Mittel (14)
zum die elnen Kern aus nicht-magnetischem Material  55  Modulieren des
Erregerstroms eingerichtet sind, hat
um den Erregerstrom In den ersten und zweiten Zeitintervallen mit
einerdurch den Loglkwert des 4. Magnetooptische Aufzeichnungselnrichtung
zur         Informationssignals bestimmten Polaritit zu er- 8    15
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zeugen.                                        Revendications 7.
Aufzeichnungseinrichtung nach Anspruch 6, da-   1. Proc6d6 d'enregistrement
d'information sur un durch gekennzelchnet, daB die Aufzeichnungs-
supportd'enregistrement (1) presentantune cou- einrichtung einen Oszillator
(81) zur Erzeugung   5  che d'enregistrement magn6to-optique (2) une eines
periodischen Signals umfaXt, dag die Syn-    configuration de domaines
magn6tiques (23,24) chronlsationsschaltung (15) eingerichtet ist, um
presentant une premiere et une deuxieme direc- die Erzeugungszeltpunkte fOr
die Strahlungsim-     tion de magn6tisation 6tant formee dans la cou- pulse
(20) und die ersten oder zweiten Zeitinter-  che d'enregistrement par
exploration de la cou- valle aus dem periodischen Signal abzuleiten,  10
che d'enregistrement (2) avec un faisceau de und dag die
Synchronisatbonsschaltung (15) au-     rayonnement (9) pour chauffer
temporairement Berdem Mittel zum Aufrechterhalten einer festen    et
localement la couche d'enregistrement (2), les Phasenbezlehung zwischen dem
Informationssi-       parties chaufffes de la couche d'enregistrement gnal
und dem periodischen Signal umfait.           6tant expos6es a un champ
magn6tique qui eat 15     orient6 de facon sensiblement perpendiculaire A
8. Aufzeichnungseinrichtung nach Anspruch 7, da-      la couche
d'enregistrement et qui est engendre durch gekennzeichnet, daB die
Einrichtung Pha-     au moyen d'une bobine (12), la bobine etant ex-
sonvergleichsmittel (80) zur Bestimmung der        cit6e avec un courant
d'excitation en conformit6 Phasendifferenz zwischen dem periodischen Si-
avec un signal d'information, pendant ladite mo- gnal und dem
Informationssignal umfaSt sowie  20   dulation le courant d'excitation
presente une pre- Mittel (82) zur Synchronisation des Informations-  miere
polarit6 pendant de premiers intervalles de signals mit dem perlodischen
Signal in AbhAngig-  temps et une deuxieme polarit6 pendant de keit von der
detektlerten Phasendifferenz.         deuxibmes-intervalles de temps,
caract6ris6 en ce que le faisceau de rayonnement est module 9.
Aufzelchnungselnrichtung nach Anspruch 7 zum   25  par impulsions, en ce
quo les premiers et les Aufzelchnen eines FM-modulierten Signals, da-
deuxibmes intervalles de temps sont s6parhs par durch gekennzeichnet, daa
die Synchronisati-       de troisiemes intbrvalles de temps dans lesquels
onsachaltung (15) eonen Oszillator (100) zur Er-   aucun courant
d'excitation n'est engendre, on ce zeugung sines FM-modulierten
periodischen Si-      quo la relation de phase entre les intervalles de
gnals umfaat, Mittel zur Erzeugung von Strah-  30  temps dane lesquels des
impulsions de rayonne- lungsimpulsen (20) synchron zum periodischen
ment sont engendr6es et les premiers ou les Signal und Mittel zur Erzeugung
des Erreger-       deuxiemes intervalles de temps est maintenue stroms in
den ersten oder zwelten Zeitintervallen  de facon quo le refroidissement
des parties synchron zum periodischen Signal, so dal sine      chauff6es de
la couche d'enregistrement so d6- Anzahl erster Zeitintervalle immer mit
einer glei-  35  roule sensiblement en les premiers ou les deuxie- chen
Anzahl zweiter Zeitintervalle abwechselt.     mes intervalles de temps. 10.
Aufzekohnungseinrichtung nach einem der An-    2. Proced6 selon la
revendicatlon 1, caractnfis6 en sprOche 4 bis 8, dadurch gekennzeichnet,
daa       ce quo les premiers et les deuxibmes intervalles die Spule (12)
von einerArt ist, die oinen Kern aus   4o  de temps recouvrent
partbellement les intrvalles nicht-magnetischem Material hat.
de temps dana lesquels sont engendr6es les im- pulsions de rayonnement 11.
Aufzelchnungseinrichtung nach Anspruch 10, dadurch gekennzeichnet, daB des
optische Sy-   3. Proc6d6 selon la revendication I ou 2, caract6ri- stem
Fokusslerungamittel (11) zur Fokusslerung   45  se en ce que la bobine (12)
est d'un type pr6sen- des StrahlungsbOndels hat, wobei die Aufzeich-
tant un noyau en mat6riau non magn6tique. nungseinrichtung Mittel
(122,123,124,125) zum Aufrechtbrhalten elnes zuvor bestimmten Ab-    4.
Apparell d'enregistrement magn6to-optique pour standes zwischen den
Fokussierungsmitteln (11)    I'enregistrement d'intormation surle support
d'in- und der Aufzelchnungsschicht (2) umfar'1  um   50  formation (1)
pr6sentant une couche d'enregis- des StrahlungsbOndel (9) aufdie
Aufzelchnungs-    trement (2) en mat6riau magn6to-optique, ledit schicht
(2) zu fokussboren, und daa der Kern der   appareil d'enreglstrement
comportant un syste- Spule (12) strahlungsdurchlassig und mecha-        me
optique (7) pour explorer la couche d'enregis- nisch mit den
Fokussierungsmitteln gekoppelt       trement (2) au moyon d'un faisceau de
rayonne- ist, wobei die Spule (12) so angeordnet ist, dal   5s  ment (9) de
maniere a chaufferlocalement lapar- das Strahlungabflndel (9) Oberden Kern
derSpu-    tie explor6e de la couche d'enregistrement, une le(12) auf die
Aufzelchnungsschicht (2) projiziert  bobine (12) pour engendrer un champ
magn6ti- wird.                                              quo dans la
partle explor6e de la couche d'enre- 9    17                 EP 0 341 778
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champ est oriente de facon   ment comporto un oscillateur (81) pour engen-
sensiblement perpendiculaire A la couche d'enre-   drer un signal
periodique, on ce quo le circuit de 



gistrement (2), un circuit d'excitation (14) pour  synchronisatlon (15) est
concu pour d6river lea engendrerdans la bobine un courant d'excitation
instants d'engendrement des Impulsions de modul6 en conformite avec un
signal d'lnforma-   5  rayonnement (20) et les premiors ou lea deuxle- tion
defacon quo pendant de premiers Intbrvalles   mes intervalles de temps du
signal p6riodique, et de temps le courant pr6sentb une premlire pota-    en
co qua le circuit de synchronisation (15) rit6 et quo pendant de deuxiemes
Intervalles de    comporto en outre dos moyens pour maintenir temps Is
courant pr6senta une seconde polarite,    une relation de phase fixe entre
le signal d'infor- caract6ris6en ce quo l'appareil d'enregistrement  10
mation et le signal periodique. comportb des moyens (13) pour la modulation
par Impulsions du faiscoeau de rayonnement, en  8. Appareil
d'enregistrement salon la revendication ca que le circuit d'excitatbon (14)
estconQu de ma-  7, caracterise en ce quo l'appareil comport. des niere A
intorrompre l'engendrement du courant      moyens de comparaison de phase
(80) pour d6- d'excitation pendant de troisiemes Intervalles de   iS
tbrminer la difference de phase entre le signal temps s6parant les premiers
et les deuxiemes in-   p6riodique et Is signal d'information et des
torvalles les uns des autros, et on ce quo l'appa-  moyens (82) pour
synchroniser le signal d'infor- roil d'enregistrementcomport. en outre un
circuit  mation avec le signal periodique en fonction de la de
synchronisation (15) pour maintonir une rela-   difference de phase
detectie. tion de phase pr6d6termin6e entre les Intervalles   20 de temps
dans lesquels sont ongendres les im-  9. Appareil d'enregistrement solon la
revendication pulsions de rayonnement (20) du fatsceau de       7 pour
enregistrer un signal FM module, caracte- rayonnement et leas premiers ou
les deuxiemes in-  rise en co quo le circuit de synchronisation (15)
tervalles de tamps, de fagon qua Is refroidisse-  comporte un oscillateur
(100) pour engendrer un ment des parties chauffees de la couche d'enre-  25
signal FM p6riodique module, des moyens pour gistrement se deroule
sensiblement dans le pre-    engendrer des Impulsions (20) en synchronism.
mier ou le deuxibme intervalle de temps.           avec to signal
periodique, etdes moyens pouren- gendrer le courant d'excitation dans los
premiers 5. Apparel d'enregistroment solon la revendication    et les
douxiemos Intervalles de temps en syn- 4, caracthriso en co quo la relation
de phase pre-  30  chronisme avec le signal poriodique de fagon dtebrmin6e
est choisie de fagon quo les premiers   qu'un certain nombre de premiers
Intorvalles de ou les deuxiAmos Intervalles de temps sont deca-  tamps
alterne toujours avec un nombre equiva- les par rapport aux intbrvalles de
temps dans les-  lent de deuxiemes intarvalles de temps. quals sont
engendrees des impulsions de rayon- nement de telle faQon quo les premiers
et les  35  10. Appareil d'enregistrement salon l'une quelcon- deuxiemes
intorvaltes de temps et lea Intervalles  quo des revendications 4 A 8,
caractrise en ce de temps dans lesquels sont ongendrees des Im-     qua la
bobine (12) est d'un type prosentant un pulsions de rayonnement (20) se
recouvrent par-    noyau en mat6rau non magnetique. tiellement. 40  11.
Appareil d'enregistrement solon la revendication 6. Apparell
d'enregistrement salon la revendication   10, caracteriso on ce quo le
systeme optique 4ou5congupourenregistrerdessignauxd'infor-         comporte
des moyans de focalisation (11) pour
matlonbinairesprosentantunevitessedebitspA-       focaliser le faisceau de
rayonnement, I'appareil cifique, caracterisA en ce quo le circuit de syn-
d'enregistrement comportant des moyens (122, chronisation (15) est concu de
maniere A syn-  45  123. 124, 125) pour maintnir une distance prd-
chroniser les intervalles de temps dans lesquals   detorminee entre lea
moyens de focalisation (11) sont engendres les impulsions de rayonnement
etla couche d'enregistrement (2) pourfocaliserle (20) et lea premiers et
les deuxiemes intervallos  falsceau de rayonnement (9) aur la couche d'en-
de temps avec l'engendrement de sequence de        registrement (2) et en
ce quo le noyau de la bo- bit du signal d'information, et en ce quo les  so
bins (12) transmot le rayonnement et qu'il est ac- moyans (14) pour moduler
Is courant d'excitation   couple mecaniquement aux moyens de focalisa- sont
congus. pour engendrer Is courant d'excita-  tion, la bobine (12) etant
dispos6 de fagon quo le tion dans les premiers et les deuxiemes Interval-
falsceau de rayonnement (9) est projetA sur la lesdstemps avecune
polarithdict6e parlavalour      couche d'enregistrement (2) par
l'intermbdialre loglque du signal d'lnformation.          6C       du noyau
de la bobine (12). 7. Appareil d'enregistrement selon la revendication 6,
caracterlsA en ce quo l'appareil d'enregistre- 10    


