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a feedback circuit which maintains the average level of intensity of the
modulated beam at a The present invention relates to the writing of a
pre-set level. frequency modulated electrical signal upon an        It
willbe appreciated that the present invention information bearing surface
of a disc member in    5    has both the arrangement for feeding back a the
form of a lineal series of first and second    signal derived from the
pre-set reference signal indicia positioned in track-like fashion upon such
and also a means for setting the intensity of the surface. It is one of a
series of related applications  unmodulated radiation in relation to the
threshold consisting of EP-A-5 316 (the parent case) and     level.
divisional applications EP-A--44 121 EP-A-    to     Broadbent's Article "A
review of the MCA 44 122, EP-A--44 603, EP-A-45 117 and EP-
Disco-Vision System" at page 12, of Information A-48 041. These cases are
all concerned with       Display Vol. 12. No. 2 April, 1976, refers to a
recording information on a surface with a          Pockels [err] but the
only control described is an modulated radiation beam, the surface changing
adjustible d.c. bias for minimising second its characteristics when the
radiation exceeds a    15   harmonic distortion. threshold level.
EP-A-5316, EP-A-44 122             It is known from JP-A-539101 to derive
an and EP-A-4 448 041 are concerned especially        error signal from a
read-after-write beam and use with feedback to keep the average intensity
of the  it in a feedback loop to adjust the intensity of the radiation
reaching the surface equal to the        unmodulated write beam so as to
reduce second threshold level; the present EP-A--44 603 also   20
harmonic distortion of the recording on the disc. uses such feedback, in
addition to a control for the  The invention may be carried into practice
in intensity of the unmodulated radiation, so that    various ways, and one
embodiment will be when the average intensity of the radiation
described with reference to the accompanying reaching the surface equals
the threshold level    drawings in which:- the modulator is at the centre
of its range of   25  Figure 1 is a block diagram of a disc writing
modulation.  EP-A-44 121  is  concerned            apparatus; and
especially with driving the beam modulator with a    Figure 2 is a
schematic diagram of a suitable triangular wave, the modulator having a
sinu-      stabilising circuit for use in the write apparatus soidal
relationship between its drive voltage and  shown in Figure 1. its
radiation transfer function. EP-A--45 117 is   30  The apparatus for
storing video information in concerned especially with a feedback system
the form of a frequency modulated signal upon an which monitors the second
harmonic distortion in  information storage member 10 is shown with the
recording beam and controls the modulator to   reference to Figure 1. An
information signal reduce that distortion.
source circuit 12 is employed for providing an According to the present
invention in a method    35   information  signal to  be  recorded. This of
writing an information track on a disc having a  information signal present
on a line 14 is a surface capable of responding to more than a
frequency   modulated  signal  having  its certain intensity of laser or
other radiation (the  information content in the form of a carrier
threshold level) by being converted from having    frequency having
frequency changes in time one radiation reflecting characteristic to having
a    40   representing said information to be recorded. The second
characteristic, the intensity  of the      information signal source
circuit 12 employs a radiation being directed at a local point along the
video  signal circuit 16 for providing  an track is modulated over a
defined range of        information signal on a line 18 having its
modulation in response to an information signal,  information content in
the form of a voltage the average intensity of the modulated radiation
45   varying with time. is compared with a reference signal, a resulting
A frequency modulator circuit 20 is responsive comparison signal is fed
back to adjust con-      to the video signal circuit 16 for converting the
tinuously a bias level of modulation, and the      voltage varying with
time signal to the frequency reference signal and  the intensity of the
modulated signal on the line 14. unmodulated radiation are set such that
the    50   The  information  storage  member 10  is modulation is at the
centre of its range of        mounted upon a turntable 21. It includes a
modulation when the intensity of the modulated     substrate 22 having a
first surface 24 and a light beam equals the threshold level.
responsive coating 26 covering the first surface The invention is a
development from  the         24. A motion control assembly 28 imparts
disclosure of French Patent Specification No.   55   uniform motion to the
storage member 10 relative 22186512 in which a linearly polarised ion laser
is  to a write beam 29' generated by a light source used as the source of
the writing beam, a Pockels  30. The motion control assembly 28 includes a
cell is used to rotate the plane of polarisation of  rotational drive
circuit 32 for providing uniform the writing beam and a linear polariser
attenuates  rotational motion to the information storage the rotated
writing beam in an amount propor-   60   member 10 and translational drive
circuit 34 tional to the difference in polarisation between   synchronised
with the rotational drive circuit 32 the light in the writing beam and the
axis of the  for moving the focused light beam 29' radially linear
polariser.                                  across the coating 26. The
motion control A portion of the writing beam is sensed by a     assembly 28
further includes an  electrical Pockels cell stabilising circuit in
combination with   65   synchronizing assembly 36 for maintaining a 2   



3                   0 044603                       4 constant relationship
between the rotational       bearing 54 for supporting the lens 52 above
the motion imparted to the member 10 by the            coating 26. A planar
convex diverging lens 66 rotational drive circuit 32 and the translational
positioned in the light beam 29' is employed for motion imparted to the
light beam 29 by the         spreading the substantially parallel light
beam 29' translational drive circuit 34.               5    to at least
fill the entrance aperture 56 of the The light source 30 comprises a
writing laser for  objective lens 52. producing a collimated writing beam
of polarised     The beam steering optical assembly 41 further
monochromatic light.                               includes a numbe of
mirror members 58, 60, 62, A movable optical assembly 40 and a beam
and 64 for folding the light beams 29' and 29" as steering optical assembly
41 collectively define an    10   desired. optical path for the light beam
29 issuing from the   The subassembly 46 includes a Pockels cell 68, light
source 30. The optical assemblies image the  a linear polariser 70 and a
Pockels cell driver 72. read beam 29 into a spot 42 upon the coating 26
The Pockels cell driver 72 is essentially a linear carried by the storage
member 10. The optical      amplifier and is responsive to the frequency
path is also represented by the line identified by   15    modulated signal
on the line 14. The output from the numerals 29 and 29'.
the Pockels cell driver 72 provides driving signals A light intensity
modulating assembly 44 is      to the Pockels cell 68 for rotating the
plane of positioned in the optical path 29 between the light  polarisation
of the laser beam 29. The linear source 30 and the coating 26.
polariser 70 is orientated in a predetermined The light beam 29 is
modulated as it passes   20   relationship with respect to the original
plane of through the light intensity modulating assembly    polarisation of
the laser beam 29 issuing from the 44. Thereafter the modulated light beam,
now       laser source 30. represented by the numeral 29' is imaged upon
The stabilising feedback circuit 48 is DC coupled the coating 26 by the
optical assemblies 40 and    to the Pockels cell 68. 41. As the modulated
light beam 29' impinges   25    Referring to Figure 2, there is shown an
upon the coating 26, indicia are formed in said    idealised diagram of a
Pockels cell stabilising coating 26 representative of the frequency
circuit 48 suitable for use in the apparatus of modulated signal to be
stored.                     Figure 1. The light intensity modulating
assembly 44         Depending upon the individual Pockels cell 68, includes
an electrically controllable subassembly   30    a voltage change of the
order of 100 volts causes 46 which  is responsive to the frequency
the cell to rotate the plane of polarisation of the modulator 20 for
varying the intensity of the light  light passing therethrough a full
ninety degrees. beam 29' above a predetermined intensity at        The
Pockels cell drive functions to amplify the which the focused beam 29'
alters the coating 26   output from the information signal source 12 to a
carried by the information storage member 10.   35   peak-to-peak output
swing of 100 volts. This When the coating 26 carried by the information
provides a proper input driving signal to the storage member 10 is a metal
coating, the          Pockels cell 68. electrically controllable
subassembly 46 varies      The Pockels cell should be operated at an the
intensity of the writing beam 29' above a first     average rotation of
forty-five degrees in order to predetermined intensity at which the
focussed   40    make the modulated light beam intensity most beam  29'
melts the metal coating without          faithfully reproduce the
electrical drive signal. A vaporising it and further varies the intensity
of the  bias voltage must be provided to the Pockets cell writing beam
below the predetermined intensity     for keeping the Pockels cell at this
average at which the focused beam 29' fails to melt the    operating point.
In practice, the electrical bias metal surface.
45   voltage corresponding to a forty-five degree The light intensity
modulating assembly 44       rotation operating point varies continuously.
This includes a stabilising circuit 48 for providing a  continuously
changing bias voltage is generated feedback signal which is connected to
the          through the use of a servo feedback loop. This electrically
controllable subassembly 46 over the  feedback loop includes the comparison
of the lines 50a and 50b to stabilise its operating level.   50   average
value of the transmitted light to an The light sensing means produces an
electrical   adjustable reference value and applying the feedback signal
which is representative of the     difference signal to the Pockels cell by
means of a average intensity of the modulated light beam      DC;
amplifier. This arrangement stabilizes the 29'. In this manner, the light
intensity modulating  operating point. The reference value can be assembly
44 is stabilised to issue the light beam    55   adjusted to correspond to
the average trans- at a substantially constant average power level.
mission corresponding to the forty-five degree The stabilising circuit 48
also includes level     operating point and the servo feedback loop
adjustment means for selectively adjusting the     provides corrective bias
voltages to maintian the average power level of the light beam 29' to a
Pockels cell at this average rotation of forty-five predetermined value to
achieve the preferred    60   degrees. duty cycle in either a metal coating
26 or a         The stabilizing circuit 48 includes a light photoresist
coating 26, or any other material used  sensing means 225. A silicon diode
operates as a as the coating 26.                                 suitable
light sensing means. The diode 225 The movable optical assembly 40 includes
an      senses a portion 29" of the writing beam 29' objective leans 52 and
a hydrodynamic air   65  issuing from  the optical modulator 44 and 3  



5                     0 044603                       6 passing through the
partially reflective mirror 58  described. Commercially acceptable results
occur as shown in Figure 1. The silicon diode 225       when the length of
an aperture 37 varies between functions in much the same fashion as a solar
cell  forty and sixty percent of the combined length of and is a source of
electrical energy when         an aperture and its next successively
positioned illuminated by incident radiation. One output lead    5   space.
In other words, the length of an aperture of the silicon diode 225 is
connected to common   and the next successively positioned space is
reference potential 226 by a line 227. The other  measured. The aperture
can then be a length output lead of the diode 225 is connected to one
falling within the range of forty and sixty percent input of a differential
amplifier 228 by a line 230.  of the total length. The output leads of the
silicon cell 225 are        In a first embodiment using a metal coating 26,
shunted by a load resistor 232 which enables a    the output from the laser
30 is adjusted so as to linear response mode.
produce an intensity which begins to melt the The other input to the
differential amplifier 228  metal layer coating 26 positioned on the disc
10, is connected to an adjustable arm 234 of a        when the output from
the driver 72 is zero and the potentiometer 236 by a line 238. One end of
the   15   operating point of the Pockels cell is forty-five potentiometer
236 is connected to reference       degrees. Accordingly, as the output
from the potential 226 by a line 240. A source of power 242  driver 72 goes
positive, melting continues. Also, is coupled to the other end of the
potentiometer  when the output from the driver 72 goes negative, 236 which
enables the adjustment of the differen-  melting stops. tial amplifier 228
to generate a feedback signal on   20    In a second embodiment using a
photoresist the lines 244 and 246 for adjusting the average   coating 26,
the output from the laser 30 is power level of the modulated laser beam 29'
to a  adjusted so as to produce an intensity which both predetermined
value.                              illuminates and exposes the photoresist
coating The output terminals of the  differential   26   26 when the output
from  the driver 72 is amplifier 228  are, respectively, connected
generating its mid-voltage value. through resistive elements 248 and 250
and output lines 244 and 246 to the input terminals of  The level of beam
intensity at which melting or the Pockels cell 68 in Figure 1. The Pockels
cell  exposure first occurs is called the threshold level. driver 72 is AC
coupled to the Pockels cell 68 by   In both the first and second
embodiments just way of capacitive elements 252 and 254, respec-   30
described, the absolute power level is adjusted tively, while the
differential amplifier 228 is DC  upward and downward in relation to the
coupled to the Pockels cell 68.                   threshold level to
achieve this effect by adjusting In operation, the system  is energized.
The     the power supply of the write laser 30. In portion 29" of the light
from the writing beam 29'  combination with this adjustment of the absolute
impinging on the silicon diode 225 generates a   35   power level of the
write laser 30, the potentio- differential voltage at one input to the
differential  meter 236  is also used to cause indicia to be amplifier 228.
Initially, the potentiometer 236 is  formed in the coating 26 when the beam
29 is adjusted so that the average transmission          rotated above
forty-five degrees as previously through the Pockels cell corresponds to
forty-five  described. degree of rotation. Thereafter, if the average level
40 of intensity impinging on the silicon cell 225     Claims either
increases or decreases, a correcting voltage will be generated by the
differential amplifier 228.  1. A method of writing an information track on
a The correcting voltage applied to the Pockels cell  disc (10) having a
surface capable of responding 68 is of a polarity and magnitude adequate to
to more than a certain intensity of laser or other restore the average
level of intensity to the      radiation (29") (the threshold level) by
being predetermined level selected by adjustment of      converted from
having one radiation reflecting the input voltage to the other input of the
characteristic (37) to having a second charac- differential amplifier over
the line 238, by       teristic (38), in which the intensity of the
radiation movement of the movable arms 234 along the         directed at a
local point along the track is potentiometer 236.
modulated over a defined range of modulation in The adjustable arms 234 of
potentiometer 236     response to an information signal, the average is the
means for selecting the average level of   intensity of the modulated
radiation being intensity of the light generated by the write laser
compared with a reference signal (238), and a 30. Optimum  results are
achieved when the         result comparison signal (244,246) being fed back
length of an aperture 37 exactly equals the length  to adjust continuously
a bias level of modulation, of the next succeeding space 38 as previously
which method is characterised in that said described. The adjustment of
potentiometer 236     reference signal and  the  intensity  of the is the
means for achieving this equality of length.  unmodulated  radiation  are
such  that the When the length .of an aperture equals the length
modulation is at the centre of its range of of its next adjacent space, a
duty cycle of fifty-fifty  modulation when the intensity of the modulated
is achieved. Such duty cycle is detectable by      beam equals the
threshold level. examining the display of the just written            2. A
method as claimed in Claim 1 in which the information on the TV monitor
and/or oscillo-      modulator varies the plane of polarisation of scope
166 and 168, respectively, as previously    radiation through a range of
[err] and there are 45 4 
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partially reflective mirror 58  described. Commercially acceptable results
occur as shown in Figure 1. The silicon diode 225       when the length of
an aperture 37 varies between functions in much the same fashion as a solar
cell  forty and sixty percent of the combined length of and is a source of
electrical energy when         an aperture arid its next successively
positioned illuminated by incident radiation. One output lead    5   space.
In other words, the length of an aperture of the silicon diode 225 is
connected to common   and the next successively positioned space is
reference potential 226 by a line 227. The other  measured. The aperture
can then be a length output lead of the diode 225 is connected to one
falling within the range of forty and sixty percent input of a differential
amplifier 228 by a line 230.  of the total length. The output leads of the
silicon cell 225 are   10    In a first embodiment using a metal coating
26, shunted by a load resistor 232 which enables a    the output from the
laser 30 is adjusted so as to linear response mode.
produce an intensity which begins to melt the The other input to the
differential amplifier 228  metal layer coating 26 positioned on the disc
10, is connected to an adjustable arm  234 of a       when the output from
the driver 72 is zero and the potentiometer 236 by a line 238. One end of
the   15   operating point of the Pockels cell is forty-five potentiometer
236 is connected to reference       degrees. Accordingly, as the output
from the potential 226 by a line 240. A source of power 242  driver 72 goes
positive, melting continues. Also, is coupled to the other end of the
potentiometer  when the output from the driver 72 goes negative, 236 which
enables the adjustment of the differen-  melting stops. tial amplifier 228
to generate a feedback signal on   20    In a second embodiment using a
photoresist the lines 244 and 246 for adjusting the average   coating 26,
the output from  the laser 30 is power level of the modulated laser beam
29' to a  adjusted so as to produce an intensity which both predetermined
value.                              illuminates and exposes the photoresist
coating The output terminals of the differential   25   26 when the output
from  the driver 72 is amplifier 228  are, respectively, connected
generating its mid-voltage value. through resistive elements 248 and 250
and output lines 244 and 246 to the input terminals of  The level of beam
intensity at which melting or the Pockels cell 68 in Figure 1. The Pockels
cell  exposure first occurs is called the threshold level. driver 72 is AC
coupled to the Pockels cell 68 by   In both the first and second
embodiments just way of capacitive elements 252 and 254, respec-   30
described, the absolute power level is adjusted tively, while the
differential amplifier 228 is DC  upward and downward  in relation  to the
coupled to the Pockels cell 68.                   threshold level to
achieve this effect by adjusting In operation, the system  is energized.
The     the power supply of the write laser 30. In portion 29" of the light
from the writing beam 29'  combination with this adjustment of the absolute
impinging on the silicon diode 225 generates a   35   power level of the
write laser 30, the potentio- differential voltage at one input to the
differential  meter 236 is also used to cause indicia to be amplifier 228.
Initially, the potentiometer 236 is  formed in the coating 26 when the beam
29 is adjusted so that the average transmission         rotated above
forty-five degrees as previously through the Pockels cell corresponds to
forty-five  described. degree of rotation. Thereafter, if the average level
40 of intensity impinging on the silicon cell 225     Claims either
increases or decreases, a correcting voltage will be generated by the
differential amplifier 228.  1. A method of writing an information track on
a The correcting voltage applied to the Pockels cell  disc (10) having a
surface capable of responding 68 is of a polarity and magnitude adequate to
to more than a certain intensity of laser or other restore the average
level of intensity to the      radiation (29") (the threshold level) by
being predetermined level selected by adjustment of      converted from
having one radiation reflecting the input voltage to the other input of the
characteristic (37) to having a second charac- differential amplifier over
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modulated over a defined range of modulation in The adjustable arms 234 of
potentiometer 236     response to an information signal, the average is the
means for selecting the average level of   intensity of the modulated
radiation being intensity of the light generated by the write laser
compared with a reference signal (238), and a 30. Optimum  results are
achieved when the         result comparison signal (244, 246) being fed
back length of an aperture 37 exactly equals the length  to adjust
continuously a bias level of modulation, of the next succeeding space 38 as
previously      which method is characterised in that said described. The
adjustment of potentiometer 236     reference signal and  the  intensity
of the is the means for achieving this equality of length.  unmodulated
radiation  are  such  that the 60 When the length .of an aperture equals
the length  modulation is at the centre of its range of of its next
adjacent space, a duty cycle of fifty-fifty  modulation when the intensity
of the modulated is achieved. Such duty cycle is detectable by      beam
equals the threshold level. examining the display of the just written
2. A method asclaimed in Claim 1 in which the information on the TV monitor
and/or oscillo-      modulator varies the plane of polarisation of 



scope 166 and 168, respectively, as previously    radiation through a range
of [err] and there are [err] 4    7             0044603
8 of rotation of the plane of polarisation when the  Zelle (68) mit einem
Linearpolarisator (70) vorge- intensity of the modulated beam  equals the
sehen ist. threshold level.                                    4. Verfahren
nach einem der Anspruche 1 bis 3, 3. A method as claimed in Claim 1 or
Claim 2, in  dadurch gekennzeichnet, daB die mittlere Inten- which the
modulator is a Pockels Cell (68) and a    s    sitat durch ein
lichttempfindliches Halbleiter- linear polariser (70).
gerat (225) abgetastet wird. 4. A method as claimed in any of Claims 1-3 in
5. Verfahren nach einem der Anspruche 1 bis 4, which the average intensity
is sensed by a        dadurch gekennzeichnet, daB das Informations-
photoresponsive semiconductor device (225).       signal ein
frequenzmoduliertes Videosignal ist. 5. A method as claimed in any of
Claims 1-4 in   1o which the information signal is a frequency
Revendications modulated video signal. 1. M6thode pour 6crire une piste
d'information Patentansprilche                                  sur un
disque (10) ayant une surface pouvant 15   repondre A plus d'une certaine
intensite de laser 1. Verfahren zum Schreiben einer Informations-   ou
autre rayonnement (29") (le niveau de seuil) spur auf einer Scheibe (10),
deren Oberflache die  en 6tant convertie d'une caracteristique (37) de
Fahigkeit hat, auf mehr als eine bestimmte Inten-  r6flexion d'un
rayonnement 3 une seconde carac- sitat von Laser- oder sonstiger Strahlung
(29")   teristique (38), ob l'intensite du rayonnement (den
Schwellwertpegel) anzusprechen, indem sie   20   dirige en un point local
le long de la piste est umgewandelt wird und statt eines bestimmten
modul6e sur une gamme definie de modulation Reflexionsmerkmals (37) ein
zweites Merkmal       en r6ponse A un signal d'information, l'intensit6
(38) aufweist, bei welchem die Intensitit der auf  moyenne  du  rayonnement
modul6  etant eine Ortspunkt auf der Spur gerichteten Strahlung  comparee A
un signal de reference (238), et un uber  einer  definierten
Modulationsbereich   25   signal de r6sultat de comparaison (244,246) etant
hinweg nach MaSgabe eines Informationssignals     reappliqu6 pour ajuster
continuellement un moduliert wird, wobei die mittlere Intensitat der
niveau de polarisation de modulation, laquelle modulierten Strahlung mit
einem Bezugssignal       m6thode est charact6risee en ce que ledit signal
(238) verglichen wird und ein sich ergebendes      de r6f6rence et
l'intensit6 du rayonnement non Vergleichssignal (244, 246) zuruckgefuhrt
wird,   30    modul6 sont tels qua la modulation soit au centre um
kontinuierlich   einen   Vorspannungs-       de sa gamme de modulation
lorsque l'intensite Modulationsspiegel   einzustellen,   dadurch       du
faisceau module est 6gale au niveau de seuil. gekennzeichnet, daB das
Bezugssignal und die        2. Methode selon la revendication 1 ob le
Intensitat der unmodulierten Strahlung derart     nnodulateur fait varier
le plan de polarisation du sind, daB die Modulation in der Mitte ihres   35
rayonnement sur une gamme de 90 et il y a 45 Modulationsbereiches liegt,
wenn die Intensitat   de rotation du plan de polarisation lorsque des
modulierten Strahis gleich dem Schwellwert-   I'intensite du faisceau
module est egale au niveau pegel ist.
de seuil. 3. M6thode salon la revendication 1 ou la 2. Verfahren nach
Anspruch 1, dadurch gekenn-   40   revetiod 2 ol I modulateurest une callul
zeichnet, daB der Modulator die Polarisations- ebane  er Stahlun  in amn
Berich vn 900de Pockels (68) at un polariseur lin~aire (70). ebene der
Strahlung in einen Bereich von 90' inde-t, .nd da. die..Drehung dan _
.arisa.i .s-4. M6thode selon l'une quelconque des reven- bndert, una da
w die urenng der tolansations-  dications 1 A 3 o l'intensite moyenne est
detec- ebene 45 betragt, wenn die Intensitat des        tepru
ipstfsm-odcerpoo modulierten Strahis gleich dem  Schwellwert-   45   tee
par un dispositif semi-conducteur photo- pegel ist.
5. M6thode selon l'une quelconque des reven- 3. Verfahren nach Anspruch 1
oder 2, dadurch     dications 1 A 4 ob le signal d'information est un
gekennzeichnet, dag als Modulator eine Pockels-   signal vid6o modul6 en
frequence. 50 55 60 65 .s ....   .~~~~~~~~~~~ !~~    ~     ~~~~~~   L   M
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