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modulator circuit is a rectangular wave whose frequency is proportional to
the video signal. The The present application is one of a series of
duration of each cycle of the rectangular wave- related applications
consisting of EP-A-5 316     form is variable as is characteristic of a
frequency (the parent case) and divisional applications   5    modulated
signal. As is characteristic of a rect- EP-A-44 121, EP-A-44 122, EP-A-44
603,         . angular wave, it has an upper voltage level and a EP-A-45
117 and EP-A-48 041. These cases          lower voltage level. The upper
and lower voltage are all concerned with recording information on a  levels
of the rectangular wave are amplified by a surface with a modulated
radiation beam, the    Pockels cell driver and used to control the Pockels
surface changing its characteristics when the   10    cell. The Pockels
cell changes the angle of polar- radiation exceeds a threshold level. EP-A-
isation of the light passing therethrough in 5 316, EP-A-44 122 and EP--A-4
448 041 are        response to the instantaneous voltage level of the
concerned especially with feedback to keep the    control signal supplied
by the Pockels cell driver. average intensity of the radiation reaching the
The intensity of the light beam passing from the surface equal to the
threshold level; EP-A-    15    Pockels cell linear polariser combination
con- 44 603 also uses such feedback, in addition to a  forms with the
control signal and will be alter- control for the intensity of the
unmodulated radi-  nately above and below the level at which it can ation,
so that when the average intensity of the  affect a light responsive
coating to produce the radiation  reaching  the surface equals the
first and second indicia. threshold level the modulator is at the centre of
its  20  According to the present invention in a method range of
modulation. EP-A-44 121 is concerned     of writing a signal information
track on a disc especially with driving the beam modulator with a  having a
surface capable of responding to a triangular wave, the modulator having a
sinusoi-  certain intensity of laser or other radiation (the dal
relationship between its drive voltage and its  threshold level) by being
converted from having radiation transfer function. EP-A--45 117 is con-  25
one radiation reflecting characteristic to having a cerned especially with
a feedback system which    second characteristic, a beam of radiation is
monitors the second harmonic distortion in the    directed at a local point
along the track and is recording beam and controls the modulator to
modulated in intensity as the beam moves along reduce that distortion.
the track in accordance with the signal infor- The above mentioned
EP-A-5316 discloses  30    mation which is in the form of a modulated
apparatus for writing a frequency modulated       continuous triangular
shaped voltage waveform signal upon a disc member mounted on a turn-
in which amplitude varies linearly with time by a table. The turntable is
driven by a motion control  modulator having a sinusoidal relationship be-
assembly which rotates the disc precisely in a    tween its control voltage
and its radiation transfer circle at a constant rate of rotation and a
trans-  35    function. lational drive assembly for translating the writing
The invention may be carried into practice in beam at a very constant, and
very low velocity    various ways and one embodiment will be de- along a
radius of the rotating disc. The rotational  scribed with reference to the
accompanying drive of the disc is synchronised with the trans-  drawings in
which:- lational drive of the writing beam to create a spiral  40  FIGURE 1
is a block diagram of a disc writing track of predetermined pitch. In a
preferred      apparatus; embodiment, the spacing between adjacent
FIGURE 2 is a schematic diagram of a feedback tracks of the spiral is two
microns, centre to    circuit for use in the write apparatus shown in
centre. The indicia is formed having a width of   FIGURE 1; and one micron.
This leaves an intertrack or guard  45  FIGURE 3 shows various waveforms
used in area of one micron between indicia in adjacent   illustrating the
operation of the apparatus. tracks. If desired, the indicia can be formed
as    The apparatus for storing video information in concentric circles by
translating in incremental  the form of a frequency modulated signal upon
an steps rather than by translating at a constant    information storage
member 10 is shown with velocity as just described.                 50
reference to FIGURE 1. An information signal A linearly polarised ion laser
is used as the   source circuit 12 is employed for providing an source of
the writing beam. A Pockels cell is used  information signal to be
recorded. This infor- to rotate the plane of polarisation of the writing
mation signal present on a line 14 is a frequency beam with respect to its
fixed plane of linear    modulated signal having its information content
polarisation. A linear polariser attenuates the   55   in the form of a
carrier frequency having fre- rotated writing beam in an amount
proportional    quency changes in time representing said infor- to the
difference in polarisation between the light  mation to be recorded. The
information signal in the writing beam and the axis of the linear    source
circuit 12 employs a video signal circuit 16 polariser. The combination of
a Pockels cell and  for providing an information signal on a line 18 linear
polariser modulates the writing beam with   60   having its information
content in the form of a the video information to be stored. This modula-
voltage varying with time. A frequency modulator tion follows the pattern
provided by control      circuit 20 is responsive to the video signal
circuit signals furnished by a Pockels cell driver.       16 for converting
the voltage varying with time The video signal to be recorded is applied to
a  signal to the frequency modulated signal on the 



frequency modulator circuit. The output from the   65  line 14. 2    0044
121                      4 The  information storage member 10  is
The movable optical assembly 40 includes an mounted upon a turntable 21. It
includes a sub-    objective lens 52 and a hydrodynamic air bearing strate
22 having a first surface 24 and a light    54 for supporting the lens 52
above the coating responsive coating 26 covering the first surface    5
26. A planar convex diverging lens 86 positioned 24. A motion control
assembly 28 imparts uni-   in the light beam 29' is employed for spreading
form motion to the storage member 10 relative to   the substantially
parallel light beam 29' to at least a write beam 29' generated by a light
source 30.   fill the entrance aperture 56 of the objective The motion
control assembly 28 includes a rota-    lens 52. tional drive circuit 32
for providing uniform rota-   10  The beam steering optical assembly 41
further tionat motion to the information storage member    includes a
number of mirror members 58, 60, 62 10 and-translational drive circuit 34
synchronised  and 64 for folding the light beams 29' and 29" as with the
rotational drive circuit 32 for moving the  desired. focused light beam 29'
radially across the coating   The sub-assembly 46 includes a Pockelace
[err] 26. The motion control assembly 28 further in-    15    a linear
polariser 70 and a Pockels cell drive 72. cludes an electrical
synchronizing assembly 36 for  The Pockels cell driver 72 is essentially a
linear maintaining a constant relationship between the    amplifier and is
responsive to the frequency rotational motion imparted to the member 10 by
modulated signal on the line 14. The output from the rotational drive
circuit 32 and the translational  the Pockels cell driver 72 provides
driving signals motion imparted to the light beam 29 by the   20   to the
Pockels cell 68 for rotating the plane of translational drive circuit 34.
polarisation of the laser beam 29. The linear The light source 30 comprises
a writing laserfor  polariser 70 is orientated in a predetermined producing
a collimated writing beam of polarised   relatinship with respect to the
original plane of monochromatic light.
polarisation of the laser beam 29 issuing from the A movable optical
assembly 40 and a beam    25   laser source 30. steering optical assembly
41 collectively define an  Depending upon the individual Pockels cell 68,
optical path for the light beam 29 issuing from the  a voltage change of
the order of 100 volts causes light source 30. The optical assemblies image
the  the cell to rotate the plane of polarisation of the read beam 29 into
a spot 42 upon the coating 26    light passing therethrough a full ninety
degrees. carried by the storage member 10. The optical   30    The Pockels
cell driver functions to amplify the path is also represented by the line
identified by  output from the information signal source 12 to a the
numerals 29 and 29'.                           peak-to-peak output swing of
100 volts. This A light intensity modulating assembly 44 is       provides
a proper input driving signal to the positioned in the optical path 29
between the light  Pockels Cell 68. source 30 and the coating 26.
35      The stabilising feedback circuit is used to com- The light beam 29
is modulated as it passes       pensate for any second harmonic distortion
pro- through the light intensity modulating assembly  . ducts contained in
the video information input 44. Thereafter the modulated light beam, now
signal which would show up in the modulated represented by the numeral 29'
is imaged upon      light beam at 29'. As shown in FIGURE 2, the the
coating 26 by the optical assemblies 40 and   40    output from the FM
modulator 20 is applied to a 41. As the modulated light beam 29' impinges
Pockels cell driver 72 for developing the voltage upon the coating 26,
indicia are formed in said    required to drive the Pockels cell through
its zero coating 26 representative of the frequency modu-   to ninety
degree rotational shift. The unmod- lated signal to be stored.
ulated light beam 29 from the laser 30 is applied The light intensity
modulating assembly 44   45   to the Pockels cell 68 as previously
described. includes an electrically controllable subassembly    The purpose
of the Pockels cell feedback circuit 46 which is responsive to the
frequency mod-       is to bias the Pockels cell 68 so that the output
ulator 20 for varying the intensity of the light   light signal detected at
a photo diode 260 is as beam  29' above a predetermined intensity at
free of second harmonic content as possible. which the focused beam 29'
alters the coating 26   50  The second harmonic distortion is introduced
carried by the information storage member 10.      into the modulated light
beam at 29' from a When the coating 26 carried by the information
plurality of sources. A first of such sources is the storage member 10 is a
metal coating, the electri-  non-linear transfer functions of both the
Pockels cally controllable subassembly 46 varies the in-   cell 68 and the
Glan prism 70. When the input tensity of the writing beam 29' above a first
55   video signal on the line 18 itself contains second predetermined
intensity at which the focused       harmonic distortion products this
further in- beam 29' melts the metal coating without vap-      creases the
total second harmonic distortion pro- orising it and further varies the
intensity of the  ducts in the lightbeam at 29'. writing beam below the
predetermined intensity       A second harmonic detector 261 generates a at
which the focused beam 29' fails to melt the   60    voltage which is
approximately linear in the ratio 



metal surface.                                     of the second harmonic
to the fundamental of the The light intensity modulating assembly 44
output light beam. Furthermore, the output signal includes a stabilising
circuit 48 for providing a  reflects the phase characteristics of the
second feedback signal which is connected to the electri-  harmonic and if
the second harmonic is in phase cally controllable sub-assembly 46 over the
lines   65    with the fundamental, the output of the second 50.
harmonic detector is in a first voltage level, i.e., a 3    6 004121
6 positive level. If the second harmonic is opposite   voltage differential
between points 287 and 288 is in phase with the fundamental, then the
output of  the driving voltage for the Pockels cell 68. This the second
harmonic detector is at a second        voltage differential is adjusted to
equal that volt- voltage level. i.e. a negative voltage level. The  age
required by the Pockels cell 68 to give a ninety output from the second
harmonic detector is    5    degree rotation of the output polarisation of
the amplified through a high voltage amplifier 266     light passing
through the Pockets cell 68. The bias which provides a range of zero to
three hundred    on the Pockels cell is set such that voltage levels volts
of d.c. bias. This d.c. bias is summed with  [err] and [err] correspond to
the zero degree rotation the signal from the FM modulator 20, amplified in
and the ninety degree rotation respectively of the the Pockels cell driver
72, and applied to the   10   light beam passing through the Pockels cell
68. Pockels cell 68.                                   The forty-five
degree rotation of a light beam is FIGURE 3 shows a series of waveforms
illus-      half way between the two extremes of a triangle trating an
improved form of light modulation of a  waveform. That half-way voltage is
always the writing light beam 29. Line A of FIGURE 3 shows    same for the
Pockels cell 68. But the half-way an idealised or simplified video waveform
that is  15  voltage with respect to zero volts may drift due to typically
supplied as a video signal from a video  thermal instabilities causing the
half power volt- tape recorder or television camera to theFM       age
point to drift also. modulator circuit 20. The waveform shown on
The bias is automatically adjusted to minimise line C shows the output
generated by an FM         second harmonic distortion as described above,
modulator 20 having a triangular shaped output   20    or to maintain the
average intensity of the modu- waveform. The triangular shaped waveform is
lated beam at the threshold level. used to drive the Pockels cell 68 for
light modula-  While the waveform shown on line C shows the tion of a
constant intensity light beam applied    triangular wave shape generated by
the FM mod- through the Pockels cell.                          ulator 20,
it also represents the wave shape of the The frequencies contained in the
waveform C   25    signal generated by the Pockels cell driver 72. The
represent the voltage levels of the video wave-    output from the FM
modulator is typically in a form shown in Line A. By inspection, it can be
smaller voltage range, typically under 10 volts seen that the lower
amplitude region of the video  while the output from the Pockels cell
driver 72 waveform generally indicated by the numeral 75     typically
swings 100 volts in order to provide corresponds to the low carrier
frequencies and   30    suitable driving voltage to the Pockels cell 68 to
high amplitude regions of the video waveform as    drive it from its zero
rotational state to its ninety generally indicated at 77 corresponds to the
degree rotational state. In discussing the voltage higher frequencies shown
in line C. It is the      levels [err] and [err] and the lines 288 and 287,
custom and practice of the television industry to  respectively,
representing such voltage points, utilise a one volt peak to peak voltage
signal  35    reference is made to line C because the output having voltage
variations in time as the video    from the Pockels cell driver 68 has the
identical signal generated by a television camera. The       shape while
differing in the amplitude of the advantage of using a triangular shaped
waveform    waveform. for driving a Pockels cell 68 is to match the
The threshold power level of the information Pockels cell's transfer
characteristic with a   40    bearing layer 26 is defined as that power
required selected waveform of the modulating signal to      to form indicia
in the information bearing layer in achieve a sinusoidal modulation of the
light beam  response to the impinging light beam. For a metal passing
through the Pockels cell and to the Glan   surface, the thermal threshold
point is that power prism 78. The triangular waveform shown in line
required to melt the metal layer and have the C is a linear voltage change
with time. The linear   45    metal layer retract from the heated region of
voltage change versus time of the triangular       impingement. For a
photoresist layer, the driving waveform when multiplied by a sinusoi-
threshold power is that power level required to dal voltage change versus
light transfer function  supply sufficient photons to completely expose of
the Pockels cell 68 gives a sinusoidally varying  the photoresist
information bearing layer. light intensity output from the Glan prism.  50
In operation, the output power from the laser is The waveform shown on line
D illustrates the      adjusted such that the half power point of the
sinusoidal waveform which corresponds to the       Pockels cell-Glan prism
combination provides light intensity output from the Glan prism when
sufficient energy to equal the threshold power 



the Pockels cell is driven by the triangular       level of the information
bearing member em- waveform shown on line C.                    55
ployed. The matching of the half power point of Referring specifically to
the bottommost point    the Pockels cell-Glan prism combination together at
285 and the topmost point at 286 of the wave-   with the use of the
triangular modulation of the form shown on line D, the point exactly
equally    information and preferably with the reduction of distant from
each is identified as the half power  second harmonic distortion of the
modulated point.                                            60    light
beam, ensures highest recording fidelity of The peak to peak voltage of the
triangular wave-  the video frequency signal to be recorded and form is
represented by a first maximum voltage      ensures minimum intermodulation
distortion of level V2 shown on line 287 of line C and by a       the
signal played back from the video disc record- second minimum voltage level
V, on line 288. The    ing member. 65    7                           0044
121                    8 Claims
stimmten  Strahlungsreflexionseigenschaft  in einen Zustand mit einer
zweiten Strahlungs- 1. A method of writing a signal information
reflexionseigenschaft umgewandelt wird, in wel- track on a disc (10) having
a surface (28) capable  chem ein auf einen Ortspunkt langs der Spur of
responding to a certain intensity of laser or   5    gerichtetes
Strahlenbundel (29') nach Ma3gabe other radiation (the threshold level) by
being      eines Informationssignals intensititsmoduliert converted from
having one radiation reflecting      wird, dadurch gekennzeichnet, daB das
Informa- characteristic to having a second radiation reflect-  tionssignal
die  Form  einer ungedampften ing characteristic, in which the intensity of
the   Dreieckswelle hat, die sich zusammensettt aus radiation (29')
directed at a local point along the   10    Abschnitten, in denen die
Amplitude sich linear track is modulated in accordance with an infor-
mit der Zeit indert (Fig. 3C), und dal die Modula- mation signal,
characterised in that the infor-    tion durch einen Modulator (68)
erfolgt, der eine mation signal is in the form of a modulated
sinusformige Beziehung zwischen seiner Steuer- continuous triangular shaped
voltage waveform       spannung und seiner Strahlungsubertragungs- composed
of portions in which amplitude varies    15    funktion hat. linearly with
time (Figure 3c), and modulation is     2. Verfahren nach Anspruch 1,
dadurch gekenn- by a modulator (68) having a sinusoidal relation-
zeichnet, daB die Neigungen der Abschnitte der ship between its control
voltage and its radiation  modulierte Dreiecks-Wellenform  die Augen-
transfer function.                                  blicksamplituden sines
amplitudenmodulierten 2. A method as claimed in Claim 1 in which the   20
Video-lnformationssignals (73) darstellen. slopes of the portions of the
modulated triangular    3. Verfahren nach Anspruch 1 oder 2, dadurch
waveform  represent the instantaneous am-           gekennzeichnet, daB der
Modulator (68) sine plitudes of an amplitude modulated video infor-
Winkelverdrehung der Polarisationsebene der mation signal (73).
Strahlung hervorbringt. 3. A method as claimed in either preceding    25
4. Verfahren nach einem der vorhergehenden claim, in which the modulator
(68) produces an      Anspruche, dadurch gekennzeichnet, daB die angular
shift in the plane of polarisation of the   mittlere Intensitit der
modulierten Strahlung auf radiation.
einer vorgegebenen H6he gehalten wird. 4. A method as claimed in any
preceding claim       5. Verfahren nach Anspruch 4, dadurch gekenn- in
which the average intensity of the modulated   30   zeichnet, daB die
mittlere Intensitat der modulier- radiation is maintained at a set level.
ten Strahlung konstant auf der Schwellonhohe 5. A method as claimed in
Claim 4 in which the    gehalten wird. average intensity of the modulated
radiation is       6. Verfahren zum Schreiben nach einem der maintained
constant at the threshold level.         vorhergehenden Anspruche, dadurch
gekenn- 6. A method of writing as claimed in any   35   zeichnet, daB es
sich bei dem Signal um sin preceding claim in which the signal is a video
Videosignal handelt, und dmsB, wenn der Strahl signal and in which as the
beam moves along the     sich langs der Spur bewegt, erste Zeichen (37)
track, first indicia (37) are produced whibi the    erzeugt werden, wahrend
die Strahlintensitat beam intensity is above the threshold level and
oberhalb der Schwellenhohe liegt, pnd zweite second indicia (58) are
produced while it is below    40    Zeichen (38) erzeugt werden, wahrend er
unter- that level, the intensity of the beam being con-    halb dieser Hohe
liegt, wobei die Intensitat des trolled automatically (50a, b) so that the
lengths of  Strahls automatisch (50, b) so gesteuert wird, the intervals
when the intensity of the beam of     dam die Langen der Intervalle, wenn
die IntensitAt radiation is above the threshold level are equal to  des
Strahlenbundels oberhalb der Schwellen- the lengths of the immediately
adjacent intervals   45    hohe liegt, gleich den Langen der unmittelbar
be- when the intensity is below the threshold level.    nachbarten
Intervalle ist, wenn die Intensitat 7. A method of writing as claimed in
any of       unterhalb der Schwellenhohe liegt. Claims 1-3, wherein the
intensity of the beam is     7. Verfahren zum Schreiben nach einem der
controlled automatically by sensing (261) the       Anspruche 1 bis 3,
dadurch gekennzeichnet, daB 



amount of second harmonic distortion present in  50    die Intensitit des
Strahis automatisch geregelt said modulated beam prior to its impingement
on     wird durch Abtasten (261) des Betrages der Ver- said responsive
surface for generating a bias       zerrung der 2. Harmonischen, die in dem
control signal; and by using said bias control      modulierten Strahl vor
dessen Auftreffen auf die signal for biasing said modulator to produce a
darauf ansprechende Oberflache auftritt, zum Er- modulated beam having
minimum second har-  55    zeugen sines Vorspannungssteuersignals und monic
distortion.                                       durch Anwendung dieses
Vorspannungssteuer- signals zum Anlegen miner Vorspannung an den
Patentanspruche                                     Modulator, um sinen
modulierten Strahl zu erzeu- gen, der einen Kleinstwert der Verzerrung der
2. 1. Verfahren zum Schreiben miner Informations-  60    Harmonischen
aufweist. spur auf eine Scheibe (10), deren Oberfliche (26) auf sine
bestimmte Intensitat der Strahlung eines   Revendications Lasers (30) oder
anderer Strahlung (Schwellen- h6he) in der Weise anzusprechen vermag, dam
die      1. M~thode d'ecriture d'une piste d'information Oberfliche aus
einem  Zustand mit miner be-  65    sur un disque (10) ayant une surface
(26) capable 5    0 044 121                     10 de rbpondre a une
certaine intensite6 de laser ou    5. M~thode selon la revendication 4,
dans la- autre rayonnement (le niveau de seull en btant      quelle
l'intensite moyenne du rayonnement mo- convertie d'une caracteristique de
r6flexion de     duld est maintenue constants au niveau de seuil.
rayonnement A une seconde caract6ristique de         6. Mbthode d'6criture
selon l'une des reven- reflexion de rayonnement, dans laquelle l'inten-
5    dications pr6cdentes, dans laquelle le signal east sit6 du rayonnement
(29') dirigee 3 un point local  un signal vid6o et dans laquelle lorsque le
fais- le long de la piste est modul6e selon un signal     ceau so deplace
le long de la piste, des premiers d'information, caractbrisee en ce quo le
signal     indices (37) sont produits alors quo l'intensite du
d'information est sous forme d'un signal de ten-    faisceau est au-dessus
du niveau de seuil et des sion triangulaire continu module compos6 de   t0
seconds indices (58) sont produits alors qu'elle parties dans lesquelles
les amplitudes varient      est en-dessous de co niveau, l'intensit6 du
fais- lin6airement dens le temps (figure 3C), et la      ceau 6tant
contr6lde automatiquement (50a, b) de modulation set faite par un
modulateur (88) ayant   maniere que la longueur des intervalles lorsque une
relation sinusoidale entre sa tension de corn-  l'intensite du faisceau de
rayonnement est au- mande et sa fonction de transfert de rayonne-   t5
dessus du niveau de seuil soit egale aux lon- ment.
gueurs des intervalles imm6diatement adjacents 2. Methode selon la
revendication 1, dans la-     lorsque l'intensit6 est en-dessous du niveau
de quelle les pentes des parties du signal triangulaire  seuil. module
representent les amplitudes instantanees      7. Methode d'ecriture selon
'une des reven- d'un signal d'information video module en ampli-   20
dications 1-3. ob) l'intensit6 des faisceaux est tude (73).
contr6lee automatiquement en detectant (261) la 3. M6thode selon l'une des
revendications pr6-    quantite de distorsion de seconde harmonique
c6dentes, dans laquelle le modulateur (88) pro-     pr6sente dans le
faisceau module avant son duit un decalage angulaire dans le plan de
impact sur la surface sensible precitee pour pro- polarisation du
rayonnement                  25    duire un signal de controle de
polarisation; et en 4. Mdthode selon l'une des revendications pr6-
utilisant ledit signal de contr6le de polarisation c6dentes, dans laquelle
l'intensite moyenne du      pour polariser le modulateur pr6cit6 pour pro-
rayonnement module. eat maintenue A un niveau      duire un faisceau module
ayant une distorsion de etabli.
seconde harmonique minimale. 30 35 40 45 50 55 60 65    


