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In a player, the most common means of maintain- ing properfocus is to
continually monitor the strength BACKGROUND OF THE INVENTION
of the signal produced at the photodetector and, through a servo control
loop, drive the objective lens The present invention relates to an
apparatus for   5   along the axis of the reading beam until the recovered
monitoring the focus condition of a writing light beam  signal is
maximized. impinging upon a writing surface of a recording me-    Another
means of monitoring and maintaining fo- dium.
cus in a videodisc player consists in passing the re- flected beam of
uniform divergence with circular pro- Description of the Prior Art
10  file through. a cylindrical lens, thus increasing the di- vergence
along the basal plane while leaving the di- Systems for monitoring the
focus condition of a  vergence in the sagital plane unaltered. The beam is
light beam used in producing prerecorded information  then directed through
a passageway surrounded by from a videodisc by a videodisc player are well
four photosensors in quadrature, including a pair of known. In prior art, a
collimated reading light beam   15  vertically aligned sensors and a pair
of horizontally from a laser light source is directed through a diverg-
aligned sensors. The beam thus illuminates the four ing lens employed to
shape the beam to fully fill the  sensors in spatial quadrature with the
sensor ar- entrance aperture of a microscopic objective lens   rangement
positioned along the beam at a location which, in turn, converges the beam
to a focussed spot  where the beam is changing from basal focus to sa- on
the surface of the videodisc. As the disc rotates,  20  gital focus to
define a circular beam profile and cause the pits or bumps along the track
of the disc cause in-  equal outputs from the pairs of horizontal and
vertical tensity modulation of the reflected beam which pro-  sensors.
Depending on the position of the conjugate gresses along a portion ofthe
incidentlight beam path  point at the disc surface then, the beam profile
at the until it reaches a polarizing cube which diverts the re-  detector
changes from horizontal elliptical profile to flected beam out of the path
of the incident beam and   25  vertical elliptical profile. By
electronically monitoring focusses it on a photodetector. As the intensity
of the  the difference signal between the horizontal and vert- beam
focussed on the photodetector varies, the intel-  ical sensor pairs, a
focus error signal can be devel- ligence information recorded on the
videodisc is    oped to return the objective lens to a position effec-
transformed into electrical impulses which through a  tive to cancel out
any difference and return the beam series of electronic processes produces
the video   30  to a circular profile. and audio portions of a recorded
program.               All of the above-mentioned forms of maintaining In
the player arrangement just described, the re-  focus of a light beam do so
by operating in response flected light is split off from the incident light
beam  to the condition of the reflected reading beam as it path in a region
where the incident beam is diverging.  converges toward the photodetector.
Furthermore, In this manner, the reflected beam entering the polar-  35
most of the known electro-optical focus monitoring izing cube, placed in
the diverging portion of the inci-  and control systems employed in player
apparatuses dent beam, produces a converging light beam divert-  are placed
in the long conjugate of the objective lens. ed to the photodetector. In
analyzing the optics in-  This is made possible by the use of a beam
splitting volved in such a system, the fact that a cone-shaped  cube. The
focus detectors and monitors of the priorart beam is produced by the
diverging lens permits a pair  40   work effectively by analyzing changes
in the diver- of conjugate points to be developed, one at the sur-  gence
of the long conjugate of the objective lens face of the videodisc and the
other at the focus point  thereby inferring the length of the short
conjugate of on the photodetector. Thus, the light split off from the  the
objective lens as dictated by well known laws of polarizing cube forms a
focussed spot on the photo-  optics. detector which has correspondence to
the focussed   45  Another factor in the effectiveness of prior art fo-
spot on the disc. Of course, if the light beam is out of  cus detectors and
monitors consists, in large part, In focus as it impinges the disc, the
strength of the sig-  the strength of the signal recovered from the video-
nal detected by the photodetector will be less. Accord-  disc after
impingement by the reading beam. The ingly, optimum focus and signal
recovery can be     highly reflective metallized information-containing
gained by monitoring the signal level developed at the   50  surface of the
videodisc produces a high percentage photodetector, adjusting the objective
lens, focussing  of reflected light with which the photodetector and fo-
the beam on the disc until a maximum signal is recov-  cussing apparatuses
can reliably operate. ered, and then adjusting the spacing between the po-
Since the present invention concerns the moni- larizing cube and the
photodetector until the signal is  toring of the focus condition of a
writing, or mastering, again maximized. At the optimum operating point, the
55   machine, there are several factors which would dis- conjugate points
of the optical path will be in focus at  courage the use of a polarizing
cube at the same lo- the surface of the disc and the photodetector simul-
cation along the beam path as in the disc players de- taneously.
scribed above. First, the writing apparatus involves 



2    3                   EP 0 412 581 B1                 4 the use of a
higher powered lightsource, 100 milliwatt  British PatentApplication GB 2
019 044 discloses argon ion laser tubes being quite common, as com-  an
automatic control of focusing for a write beam of pared to the 1 milliwatt
power capability of a reading  an optical recording apparatus. The write
beam is beam of a player. Accordingly, inserting a polarizing  emitted by a
laser and modulated according to a sig- cube and necessary quarter wave
plate in the diverg-   5   nal source. Thereafter, the light beam
successively ing portion of the writing beam, i.e., just before the ob-
passes through a lens 17, a mirror 19 and a focusing jective lens, would
introduce certain optical aberra-  lens 20 for diverging said modulated
light beam and tions and distortions, such as the spherical aberration  for
impinging it, in focused condition, on a writing sur- that can be expected
after passing a light beam    face of a disk. After reflection of the light
beam from through any optical unit, aggravated by the large nu-  10  the
writing surface of the disk, the reflected beam merical aperture required
in videodisc mastering, and  passes focusing lens and mirror in reverse
direction would diminish the useful operating lifetime of the re-  and is
diverted by a half-mirror to impinge on a light cord laser due to the
transfer efficiency of the polar-  detector. A further cylindrical lens is
arranged be- izing cube.                                       tween said
half-mirror and said light detector. The disadvantage of the spherical
aberration In-  15  The light detector produces a signal representa-
troduced by placing a beam splitting cube in the dive  tive of the
spreading of the reflective beam resulting gent recording beam path has
been recognized and   from any defocusing of the writing beam. The signal
overcome in the prior art by using objectives of infi-  controls the
positioning of said focusing lens. Further, nitely long conjugate rather
than the far more com-  this British Patent Application discloses its
automatic mon 160 or 180 mm long conjugate. However, in such   20  focusing
operation by the combination of said cylindri- an arrangement, more
elements are used, first to pro-  cal (astigmatic) lens and a
lightdetectorin connection duce a wide collimated beam to illuminate the
objec-  with US patent numbers 4059841 and 4051527. Such tive, and second
to converge the diverted return   an astigmatic focusing beam is subject to
the afore- beam to the focus monitor device in converging form.  mentioned
shortcomings of the prior art. Furthermore, since the disc surface upon
which   25  Accordingly, there is a need in the art to be able the writing
beam is to impinge is not metallized but  to quicklysetthefocusoptics to an
optimum condition rather coated with a substantially clear photo-resist  on
repeated basis and to monitor the focus condition compound, the disc
surface is substantially transmis-  on a continuous basis. sive, and making
use of any possible reflected light  This problem will be solved by the
features of energy is not readily apparent.               30  claim 1.
Finally, and although cost is not necessarily a    Further embodiments of
the invention can be de- large factor in the production of mastering
machines,  rived from the subclaims. additional parts are necessary with
the attendant complexities, and additional time must be invested In
SUMMARY OF THE INVENTION the assembly, alignment, and maintaining of the
ad-  35 ditional optical parts.                               The present
invention overcomes all of the defi- Because of the problems enumerated in
the pre-  ciencies of the prior art procedures mentioned above vious
paragraph, it has been common practice in the  for effecting properfocus of
a mastering machine and prior art of recording laser discs to periodically
deter-  avoids the previously-mentioned disadvantages of in- mine optimum
focussing position for the various opt-  40  serting separate polarizing
cube and quarter wave ical elements affecting focus by producing a series
of  plate, in the diverging writing beam of the writer. test discs and
playing back each disc or portion there-  As was mentioned in connection
with the descrip- of corresponding to a particular combination of set-
tion of the focus monitoring systems of the prior art tings for the various
optical parameters, such as pow-  disc players, the condition of focus can
only be moni- er and focus, involved. After locating a videodisc or  45
tored if the monitoring device is either at or between portion thereof
which has a high quality of reproduci-  conjugate points of an optical
system. That is, when ble signal therefrom, the log showing the various
con-  a conically shaped optical beam is intercepted, the fo- ditions and
positions of the optics producing such  cus condition at one of the
conjugate points can be high quality recorded program Is referred
toforreturn-  monitored by observing the change in shape and/or ing the
optics to that set of conditions. In this manner,  50  size of the
intercepted portion of the diverging or con- although time consuming and
not predictable, an ac-  verging light beam. If a light beam is of a
collimated ceptable focus condition is established. The empiri-  form,
i.e., if the beam is from a parallel-planar light cally derive. conditions
necessary to produce accept-  source, then movement of any of the optical
elements able focussing conditions, however, are extremely  in the optical
path intercept the same size and shape 



costly due to the labor time involved Insetting up and  55  of light beam,
and no information can be derived determining the optimum focus conditions
as well as  therefrom. It Is common knowledge that the light in the loss of
videodisk production due to downtime  beam from a laser source is parallel
and planar, and of the mastering machine.                          thus it
would not be expected that any focus condition 3    5                   EP
0 412 581 B1                   6 of the beam after passing through a
diverging lens    which the present invention is based to monitor and
objective lens twice downstream from the power    the focussing condition
of a writing beam sensed source whose collimated beam portion could also
at the exit end of a light beam modulator; and provide a source forfocus
information of the recording  Figure 5 shows a block diagram of the
electronics beam spot.                                    5       which may
be used to process the output of a pho- While the difficulty of extracting
focus informa-  tocell matrix for display on a video monitor. tion on the
upstream collimated part of the beam has been recognized, prior art
technology has resorted to  DESCRIPTION OF THE PREFERRED overcome the
difficulty by placing relay lenses after  EMBODIMENTS a diverting beam
spliter, therebyagain converging the   10 beam and thus recreating the
features of the objec-   The diagram of Figure 1 shows, schematically, tive
long conjugate.                               the basic elements involved
in the focus monitoring The present invention operates on the recogni-
system according to the present invention. The length tion of the fact
that, although forall practical purposes  of the portions of the light beam
path shown in Figure a light beam from a laser device is collimated, it, in
15   1 do not necessarily represent corresponding lengths fact, is very
slightly divergent as it emerges from the  in the actual light path In a
videodisc mastering ma- laser resulting from diffraction of the Gaussian
inten-  chine. However, the principles involved with this in- sity profile
plane wave that exists between the laser  vention are appropriately
illustrated, and any devia- resonator mirrors at the beam waist and from
refrac-  tion from actual scaled lengths and angles of the opt- tion as the
output light traverses the thickness of the   20  ical paths shown in the
figures of this application are output mirror. Accordingly, since the beam
exiting the  intentional for ease of description and analysis. lasertube is
slightly divergent, the reflected lightfrom  A high intensity light source
2, preferably an Ar- the videodisc, even though small in intensity, is,
con-  gon ion laser Is employed to generate the writing versely (provided
the system is in focus), convergent  beam. A Pockels cell 14 and Glan prism
20 make up as it passes in reverse direction through the diverging   25  a
light beam modulator 10 which modulates the laser lens and on toward the
output of the laser device and  beam with video information defining the
input mod- beyond to the conjugate pointwhere itforms a real im-  ulating
signal on line 16. As is known, the Pockels cell age of the source plane
wave (i.e., an image of the  14respondstotheappliedvideosignal
byrotatingthe plane wave at the beam waist within the laser tube),  plane
of polarization of the light beam 18. Since a lin- thus eliminating the
need fora relay lens. The present  30  ear polarizer transmits light only
in a predetermined invention makes use of this slight divergence and
polarization plane, a polarizer, in the form of Glan convergence of the
incident and reflected beams, re-  prism 20, is included in the writing
beam path to pro- spectively, at the exit end of the modulator to effect
vide a modulated writing beam 26. As illustrated, the monitoring of the
focus condition of the writing beam  light beam from laser 2 enters a port
12 of modulator by monitoring the real image ofthe source planewave   35
10 and merges from a port 24 to strike a first mirror at the conjugate
point                             28 that directs the writing beam 26
through a quarter- Another object of the invention is to provide the  wave
plate 30 which converts linearly polarized light focus monitoring
characteristics described above   into circularly polarized light The
circular polarized without adding additional optical elements in the writ-
light beam 36 is then diverted by second mirror 32 to- ing beam path.
40  ward a diverging lens 34. It should be appreciated that the light beam
exiting lasersource 2 is collimated and BRIEF DESCRIPTION OF THE DRAWINGS
that none of the optical elements described to this point have any effect
on the collimated nature of the The invention will now be described in
detail hav-  beam That is, if it is assumed that the light beam from ing
reference to the accompanying drawings In which:  45  laser 2 is
substantially planar and parallel, neither Figure 1 is a schematic
representation of the im-  Pockels cell 14, Glan prism 20, mirrors 28 and
32, or plementation of the present invention, showing  quarter-wave plate
30 affect the parallel or planar na- the complete optical path between the
laser light  ture of the beam. source and a videodisc;
Diverting lens 34, however, alters the planar na- Figure 2 is an
illustration of the optics incorporat-  50  ture of the beam and causes the
beam so affected to 



ed in a prior art focussing mechanism associated  have a converging conical
shaped portion 38, a waist with a videodisc player;
port on 41, and a diverging conical portion 39, 42, the Figures 3 and 3a
are, respectively, hemispherical  portion 42 being a redirected
continuation of portion and con-focal laser cavity resonators illustrating
39 caused by mirror 40. For optimum resolution, the the principle of
operation of a laser light source,  55   optical characteristics of
diverting lens 34 and the and showing two possible locations for plane
length of the path chosen are such that the writing waves within the
devices;                       beam 42 substantially fills the entrance
aperture of Figure 4 illustrates the  optical principle upon  an objective
lens assembly 44 comprising objective 4    7                   EP 0 412 581
B1                  8 lens 45 which creates a large angle converging beam
chines, the modulator 10 had only two ports, an entry portion 46 to a focal
point47 on the recording surface  port 12 and an exit port 24. The small
amount of light 48 of a videodisc 50 mounted on a spindle 52.      energy
returned to the modulator 10 along beam por- As Is commonly known in the
art, in a videodisc  tion 26 was absorbed as being useless, or totally ig-
mastering machine, the writing beam Is focussed to a   5   nored. An
important advancement in the art attributed spot on the order of 0.6
microns on a layer of photo-  to the present Invention involves a slight
modification resist 49. The light beam modulated by the Input mod-  of
existing modulators by simply providing an addi- ulating video signal in
frequency modulated form is  tional aperture or exit port 25 so that the
reflected thus transferred to the surface of the videodisc by the  beam
portion 54 can be rendered useful by a new modulated light beam which
directly exposes the pho-  10  technique utilizing the collimated reflected
light beam toresist in correspondence to the modulated video  portion 26,
54 heretofore thought to be void of any signal, so that later development
of the photoresist  functional value. That is, since it was thought that
the layer produces pits at the exposed site, assuming  incident and
reflected beams at the modulator were positive photoresist is used.
However, since the   collimated, no intelligence information could be ex-
transparent photoresist layer is substantially unal-  15  tracted from
either the incident or reflected beam tered in its physical make-up, only a
small amount of  since no change in size, shape, or profile of the beam the
incident light beam is reflected from the surface  was expected. The
present invention, however, Is back through the objective lens 45, through
diverting  specifically designed to operate in response to lens 34,
quarter-waveplate 30, and onto the prismatic  changes of beam portion 54,
at the discovery that surface 22 of Glan prism 20. Approximately 1% to 2%
20  such changes are representative of change of focus of the incident
light is reflected from the photoresist  conditions of the beam impinging
the disc. layer, and with a 100 milliwatt laser source 2, approx-  In
Figure 2, an in-line representation of the optical imately 0.5 miliwatts of
light energy is available along  path of a modern videodisc player is
shown. In Figure path 54 exiting Glan prism 20 through port 25 of mod-  2,
a laser source 2 emits a substantially collimated ulator 10. The reflected
beam 54 is directed by mirror  25   beam 8 which passes through diverging
lens 70 to 56 to transducer 60 which produces output signals on  form a
diverging conical beam portion 72, a waist 73, cable 58, the use and
processing of which will be de-  and diverging conical beam portion 74. The
later tailed later in this description. However, it can be not-  beam
portion passes through polarizing beam splitter ed from Figure 1 that the
output of transducer 60 may  cube 76 and quarter-wave 78 and is finally
converged be used in one or both of the two functional arrange-  30  by
objective lens 80 to impinge the surface 48 of vid- ments 66, 68 and 62,
64. That is, the output of trans-  eodisc 50 at a focussed point 86. The
surface of a pre- ducer 60 may be video encoded in encoder66 for dis-
recorded videodisc is a highly reflective metallized play on
avideomonitor68, orthe outputof transducer  surface which reflects the beam
in reverse direction 60 can be processed in focus servo amplifier 62 to
along the same path as the incident beam until it drive an objective lens
driver 4 to automatically main-  35  reaches the beam splitting cube 76
which diverts the tain focus of the writing beam on the photoresist layer
reflected beam in a continuing converging conical 49.
portion 88 to arrive at a focus point 90 at which a pho- Several
observations can be made from the      todetector, Is placed for purposes
of signal recovery. above descriptive analysis of Figure 1. First, it
should  As explained earlier, additional elements can be be noted that the
single line representation of beam   40  placed around the converging light
beam portion 88 portions 8, 18,26, and 36 suggest that the light beam  to
produce automatic focus servo control signals for along these portions of
the path maintain the light  moving the objective lens 80 along the optical
path to beam in coherent collimated form, and through re-  return the beam
impinging the information surface of verse optical analysis, the reflected
beam from the  the videodisc to a focus condition. surface of videodisc 50
is also in collimated form in  45  In any defocussed condition of the beam
imping- the portion of the path 36, 26, 54. That is, since the  ing the
disc, the diameter of the conical shaped beam 



light beam impinging the videodisc surface Is perpen-  portions at any
spatial point will be altered corre- dicular to the disc, the diverging
beam portion 38 of  spondingly, and as mentioned earlier in this descrip-
the reflected beam is returned to parallel rays through  tion, a
cylindrical lens in combination with a quadra- diverging lens 34.
Accordingly, the reflected light  50  ture focus detector can serve to
monitor and correct beam reaching transducer 60 is, at least from an  for a
non-circular cross section of the beam being idealized viewpoint,
substantially planar and parallel.  monitored. In all cases, the focus
changes detected As will be discussed in detail later, the particular char-
are a result of the fact that the point of detection lies acteristics of
the laser device alters the collimated na-  in a portion of the reflected
beam that is either con- ture of the emerging beam, and the underlying con-
55   verging or diverging. In one embodiment, the reflect- cept of the
present invention is based upon this slight  ed beam is split off in the
diverging portion of the in- deviation from the idealized laser model.
cident beam portion 74, i.e., it is placed at position 43 It is also to be
noted that in prior art mastering ma-  of the diverging beam portion 39 as
shown in the over-    9                   EP  412 581 B1                 10
all system drawing of Figure 1. In this way, the dis-  of approximately 1
milliradian. As a result of the dl- tance from 73 to 76 is equal to the
distance from 76  verging beam 8, a theoretical conjugate focal point to 90
when the system is In focus (Figure 2). Although  does indeed exist created
by the laser device itself as other optical devices would be required, it
Is also pos-  attributed to diffraction and refraction, due to the sible to
place the beam splitter 76 in the converging   5   non-infinite extent of
the plane wave at 5 and the re- portion 72 of the beam shown in Figure 2.
It would not  spective curvature of end plate 4. be expected that any focus
errorcould be detected by  Reference is now made to Figure 4 wherein the
placing the beam splitter 76 in the collimated portion  components of
importance for the purposes of de- of the beam 8 exiting laser 2 shown in
Figure 2.   scribing the invention are shown in-line, and the ref- Figure
3a shows a laser cavity. As pumping en-  10  erence numeral used are the
same as those found in ergy enters the confinement tube 3, the excited
the more descriptive illustration of Figure 1. It will be atoms radiate.
Surfaces of constant phase are drawn  noted that no new optical elements
have been added as shown by leadlines 5 and 7 to show the curvature  to the
optical path between the laser source 2 and the of the standing waves
within the cavity. At the end  videodisc 50. However, an opening 25 in the
modula- plates 4, 6 and 6', the surfaces of equal phase and the  15  tor
housing 10 (shown in Figure 1) is required to per- mirror surface are
coincident. At the position where  mit the beam portion 54 to strike
transducer 60. With the beam is minimum in cross section, the surfaces  the
analysis in mind from the description of Figure 3, of equal phase have
become planar, i.e., at the beam  it can be appreciated that, since there
is a theoretical waist 5. Thus, a perfectly collimated beam exists only
conjugate point created by the laser device 2, and at surface 5. The
intensity profile of surface 5 is de-  20  since the beam portion 54
reaching transducer 60 is fined in strict accordance with the laws of
diffraction,  a result of a reflected beam from videodisc 50, any i.e., the
surfaces of constant phase coincide with the  change in the position or
orientation of the optical ele- mirror surfaces, and a stable cavity is
achieved. Pas-  ments affecting focus of the light beam on the surface sage
of the output light through the glass substrate of  of videodisc 50 will
also have an effect on the shape the output mirror4 furtherdiverges the
beam accord-  25  and/or size of the beam reaching transducer 60. ing to
the laws of refraction.                         Note should be made of the
fact that when the Stable laser cavity resonators range from plane  system
is in focus, due to the absence of the slightly parallel mirrors to the
confocal variety. In the prefer-  divergent element 14 from the beam
portion 54, the red embodiment, the laser cavity configuration is of
distance R1 from the plane wave 5 to the prismatic the hemispherical type
(Figure 3a) that consists of a   30  surface 22 at the midpoint of the beam
splitter 20 is flat maxreflector 6' and a curved output mirror 4  longer
than the distance R2 of the return beam 54 whose radius of curvature is
equal to or greater than  from the prismatic surface 22 of the beam
splitter 20 the mirror spacing. In this case, the plane wave 5 and  to the
sharpest image 61 of the plane wave 5 at trans- beam waist is located at
surface 6'. Lnes of equal  ducer 60. Thus, when distance R2 Is longer or
shorter phase are also shown in Figure 3a.            35  than thatwhich
gives the minimum diametersharpest With reference to Figures 1 and 3, a
close analy-  plane wave image 61 when the system is set at opti- sis of
the construction of the type of argon ion laser  mum focus as determined
from a standard production used to create thewriting beam reveals that,
while the  record-develop-playback calibration sequence, the laser device 2
is of a parallel-planar laser structure,  beam profile at detector 60
Increases In diameter due the partially reflecting end plate 4 is slightly
concave   40  to the larger circle of confusion of the light patches
upwardly, although the reflecting end plate 6' is pla-  that make up the
plane wave image 61 of plane wave nar. Figure 3a illustrates this
characteristic of a laser  5. That change in profile can be detected to
determine device 2 in a tube 3 having the partially reflecting end  any
out-of-focus condition of the writing beam. Typi- 



plate 4 at the left in Figure 3 and the planar reflecting  cally, the
sharpest plane wave image 61 is on the or- end plate 6'
attherightsideofFigure3a.Asthe pump-  45  derof 1 to 2 millimeters in
diameter. ing radiation enters the tube 3, the excited atoms ra-  In Figure
5, a three dimensional model of the diate light which bounces back and
forth between end  transducer 60 is shown. In use, transducer 60 is pre-
plates 4 and 6' until it exists through the partially re-  ferably
comprised of a matrix of 256 by 256 photo- flecting end plate 4. In a
typical writing laser, the re-  cells, each photocell being square shaped
and ap- flection coefficient of end plate 6' is dose to 100%,  so
proximately .001 inches in length. Photocell matricies while the reflection
coefficient of end plate 4 Is dose  of this nature are available in large
scale Integrated to 98%. To improve the efficiency of the laserdevice
circuit form from various manufacturers, and the ba- and maintain
controlled reflections between the two  sic concept of intercepting a light
beam with a photo- end plates, end plate 4 is slightly concave, as shown
cell matrix is not to be considered a part of this inven- greatly magnified
in Figure 3 for illustration purposes.  55  tion. Forthe reasons given
earlier in this description, for all  In Figure 5, a preferred form of the
invention is practical purposes, and from a purely theoretical  shown
wherein the output connections from the pho- viewpoint, the beam diverges
from its axis at an angle  tocell matrix are combined in multiplexer 65 to
form a 6    11                  EP 0 412 581 B1                  12
continuous and repeating train of pulses each being  ly, the objects set
forth in the beginning of this de- of a magnitude corresponding to the.
Intensity of light  scription are met. falling upon a corresponding cell in
the matrix of over 65,000 cells. Clocking of the pulses into shift register
67 is provided bya video scanning generator69which    5   Claims receives
the pulse train on line 75 in synchronized or- der so as to insert the
different amplitude levels cor-  1. Apparatus for monitoring the focus
condition of a responding to each cell on the appropriate horizontal
writing light beam impinging upon a writing sur- scanning line and at the
proper location on such hor-  face of a recording medium (50), comprising
izontal scanning line prior to being fed to a video mon-  10  - a laser (2)
with a focal resonatorforforming itor which then indicates, by intensity
modulating the      a slightly divergent incident writing light scanning
beam, the profile 61 of the intercepted             beam; beam portion 54
striking transducer 60.                   - a signal responsive light beam
modulator Although the angle of convergence of beam 54 is          (10) for
modulating said writing beam; small, the cell structure and size as
described above   15  - means forfurther diverging (34) said modu- are
sufficient to permit detection of even small out-of-    lated writing beam
and for impinging the focus conditions of the writing beam. Although the
modulated writing beam from said modula- cross section of beam 54 impinging
transducer 60 is         tor, in focused condition, onto said writing
theoretically circular, in practice it is not necessarily,  surface (48) of
said medium (50); and, after calibrating the mastering machine for opti-
20  - said means for diverging and for impinging mum focus by the empirical
method described earlier,        the modulated beam being arranged to re-
the profile of the sharpest plane wave image 61 dis-         ceive said
writing beam after reflection played on a video monitor is recorded as a
reference        from said writing surface (48) of said me- profile against
which a comparison will be made each        dium (50); time the focus
condition of the mastering machine is  25   - said reflected beam leaving
such means in to be optimized. A sophisticated arrangement for re-
reverse direction in a slightly convergent cording the reference profile is
to use a computer to       condition; registerthe value of each signal
generated by the im-     - means fordiverting (22) being located inter-
pingement of light on each cell. A simpler and more         mediate said
laser and said means for fur- practical and direct method is to merely draw
the   30      therdiverging said modulated writing beam; shape of the
reference profile with a grease pencil on     - said means (22) for
diverting said slightly the screen of the video monitor. Periodical checks
on       convergent reflected-light beam to impinge the focus condition can
then be instantaneously moni-       on a light sensitive transducer (60)
without tored by observing the deviation of the display on the
passing said diverted reflected  beam video monitor at any point in time
relative to the ref-  35  through any lens before said impingement; erence
profile previously drawn on the screen.             - said transducer
produces an output signal It can be appreciated that the system just
descri-       varying In correspondence with the focus bed does not operate
to monitor directly the focussed       condition of said writing beam at
the sur- beam at the surface of the videodisc in an absolute        face
(48) of said medium (50). 



sense. Accordingly, an initial calibration of the mas-  40 tering machine
is necessary in order to bring the ma-  2. The apparatus as claimed In
claim 1, including chine into optimum focus condition, and then the ref-
- means for indicating the profile characteris- erence profile is recorded
for future reference. Cali-      tics of the slightly convergent reflected
bration can be empirically derived by the method de-        beam impinging
the transducer (60) when scribed earlier in this application, whereby a
series of  45  the writing beam (8) impinging the surface optical changes
are made while actually recording            (48) of the medium is In focus
to define a ref- program material, and upon playback of the various
erence profile; recorded portions, optimum focus is found by noting
- and means for adjusting the optics affecting optimum playback
characteristics of the videodisc on        focus of the writing beam (8) on
the record- a calibrated player. However, once a reference profile  50  ing
medium (50) upon finding that the writ- is established, optimum focus of
the mastering ma-          ing beam (8) impinging the surface (48) of chine
can be effected by periodically bringing the          the recording medium
(50) is out of focus, monitored beam sensed by transducer 60 into regis-
until the slightly convergent reflected beam tration with the reference
profile previously recorded,     (54) impinging the transducer (60) as- and
this is presently done on a daily basis. It is esti-  55  sumes said
reference profile. mated that the use of matching profiles according to
this invention saves approximately one hour of down  3. The apparatus as
claimed in claim 1, wherein time per day for each mastering machine.
According-     said beam modulator (10) is of the type having a 7    11
EP 0 412 581 B1                   12 continuous and repeating train of
pulses each being  ly, the objects set forth in the beginning of this de-
of a magnitude corresponding to the intensity of light  scription are met.
falling upon a corresponding cell In the matrix of over 65,000 cells.
Clocking of the pulses into shift register 67 is provided by a video
scanning generator 69 which    5   Claims receives the pulse train on line
75 In synchronized or- der so as to insert the different amplitude levels
cor-  1. Apparatus for monitoring the focus condition of a responding to
each cell on the appropriate horizontal   writing light beam impinging upon
a writing sur- scanning line and at the proper location on such hor-   face
of a recording medium (50), comprising izontal scanning line prior to being
fed to a video mon-   10  - a laser (2) with a focal resonatorforforming
itor which then indicates, by intensity modulating the       a slightly
divergent incident writing light scanning beam, the profile 61 of the
intercepted             beam; beam portion 54 striking transducer 60.
- a signal responsive light beam modulator Although the angle of
convergence of beam 54 is          (10) for modulating said writing beam;
small, the cell structure and size as described above   15  - means
forfurther diverging (34) said modu- are sufficient to permit detection of
even small out-of-     lated writing beam and for impinging the focus
conditions of the writing beam. Although the           modulated writing
beam from said modula- cross section of beam 54 impinging transducer 60 is
tor, in focused condition, onto said writing theoretically circular, in
practice it is not necessarily,   surface (48) of said medium (50); and,
after calibrating the mastering machine for opti-  20  - said means for
diverging and for impinging mum focus by the empirical method described
earlier,         the modulated beam being arranged to re- the profile of
the sharpest plane wave image 61 dis-         ceive said writing beam after
reflection played on a video monitor is recorded as a reference
from said writing surface (48) of said me- profile against which a
comparison will be made each         dium (50); time the focus condition of
the mastering machine is  25   - said reflected beam leaving such means in
to be optimized. A sophisticated arrangement for re-         reverse
direction in a slightly convergent cording the reference profile is to use
a computer to        condition; register the value of each signal generated
by the im-     - meansfordiverting (22) being located inter- pingement of
light on each cell. A simpler and more          mediate said laser and said
means for fur- practical and direct method is to merely draw the   30
ther diverging said modulated writing beam; shape of the reference profile
with a grease pencil on     - said means (22) for diverting said slightly
the screen of the video monitor. Periodical checks on        convergent
reflected-light beam to impinge the focus condition can then be
instantaneously moni-        on a light sensitive transducer (60) without
tored by observing the deviation of the display on the       passing said
diverted reflected beam video monitor at any point in time relative to the
ref-  35  through any lens before said impingement; 



erence profile previously drawn on the screen.             - said
transducer produces an output signal It can be appreciated that the system
just descri-        varying in correspondence with the focus bed does not
operate to monitor directly the focussed        condition of said writing
beam at the sur- beam at the surface of the videodisc in an absolute
face (48) of said medium (50). sense. Accordingly, an initial calibration
of the mas-  40 tering machine is necessary in order to bring the ma-  2.
The apparatus as claimed in claim 1, including chine into optimum focus
condition, and then the ref-      - means for indicating the profile
characteris- erence profile is recorded for future reference. Cali-
tics of the slightly convergent reflected bration can be empirically
derived by the method de-         beam impinging the transducer (60) when
scribed earlier in this application, whereby a series of  45  the writing
beam (8) impinging the surface optical changes are made while actually
recording            (48) of the medium Is in focus to define a ref-
program material, and upon playback of the various           erence
profile; recorded portions, optimum focus is found by noting        - and
means for adjusting the optics affecting optimum playback characteristics
of the videodisc on         focus of the writing beam (8) on the record- a
calibrated player. However, once a reference profile  50   ing medium (50)
upon finding that the writ- is established, optimum focus of the mastering
ma-           ing beam (8) impinging the surface (48) of chine can be
effected by periodically bringing the           the recording medium (50)
is out of focus, monitored beam sensed by transducer 60 into regis-
until the slightly convergent reflected beam tration with the reference
profile previously recorded,      (54) impinging the transducer (60) as-
and this is presently done on a daily basis. It is esti-  55  sumes said
reference profile. mated that the use of matching profiles according to
this invention saves approximately one hour of down  3. The apparatus as
claimed in claim 1, wherein time per day for each mastering machine.
According-     said beam modulator (10) is of the type having a 7    13
EP 0 412 581 B1                  14 Pockels cell (14) receiving the writing
beam (8)         gekehrter Richtung in leicht konvergentem from the source
(2) followed by a Glan prism (20)        Zustand verlfi(t downstream of the
Pockels cell (14); and               - einer Einrichtung zum Umlenken (22),
wel- said transducer (60) is arranged to receive the          che zwischen
dem Laser und der Einrich- slightly convergent reflected beam (54)
reflected   5    tung zum weiteren Zerstreuen des modu- off of the forward
most prism surface (22) of the        Ierten Schreibstrahls angeordnet ist
wobel Glan prism (20).                                         die
Einrichtung (22) den leicht konvergen- ten, reflektierten Lichtstrahl
umlenkt, um 4. The apparatus as claimed in claim 1, wherein             den
abgelenkten reflektierten Strahl ohne said light-sensitive transducer (60)
is a matrix of  10  Hindurchfuhren durch eine Linse auf einem photoelectric
cells and includes means for out-         lichtempfindlichen Wandler (60)
auftreffen putting a signal representative of the amount of         zu
lassen, wobei der Wandler ein Aus- light striking each cell.
gangssignal erzeugt, welches entspre- chend zum Fokussierzustand des
Schreib- 5. The apparatus as claimed in claim 4, including a   15
strahis auf der Oberflache (48) des Medi- display device receiving said
signal representa-         ums (50) variiert. tive of the amount of light
striking each cell and displaying simultaneously, indicia corresponding  2.
Gerft nach Anspruch 1, to the amounts of light striking all cells.
gekennzelchnet durch 20         - eine Einrichtung zur Anzeige einer
Profil- 6. The apparatus as claimed in claim 5, wherein
charakteristik des leicht konvergenten, re- said display device is a video
monitor (68) having       flektierten Strahis, welcher auf dem Wand- a
raster intensified at locations and brightness        ler (60) auftrifft,
wenn der Schreibstrahl (8) levels referenced to corresponding cell
positions        auf der Oberfliche (48) des Mediums fo- in said matrix and
light levels striking said corre-  25  kussiert auftrifft, um ein
Referenzprofil zu sponding cells respectively.
bestimmen; und - eine Einrichtung zur Justierung der die Fo- 7. The
apparatus as claimed in claim 4, wherein              kussierung des
Schreibstrahis (8) auf dem said matrix comprises a plurality of rows and a
Aufzeichnungsmedium (50) beeinflussen- plurality of columns of said
photoelectric cells,  30    den Optik bei Feststellung, daPI der auf die
each of said cells being substantially square and        Oberflfiche (48)
des Aufzeichnungsmedi- 



having side dimensions of approximately 0.0254           ums (50)
auftreffende Schreibstrahl (8) de- mm.
fokussiert ist, bis der leicht konvergente, re- flektierte Strahl (45),
welcher auf dem 35           Wandler (80) auftritt, dal Referenzprofil
Patentanspriiche                                             annimmt. 1.
Gerat zum Oberwachen des Fokusierungszu-         3. Gerat nach Anspruch 1,
standes eines Schreiblichtstrahis, welcherauf el-   dadurch gekennzeichnet,
ne Schreibflache eines Aufzeichnungsmediums   40    daB der Strahlmodulator
(10) eine Pockelszelle (50) auftrifft, mit
(14) aufweist, welche den Schreibstrahl (8) von - einem Laser (2) mit einem
Fokalresonator       der Lichtquelle (2) empfingt, wobel stromab- zur
Bildung eines leicht divergenten, einfal-  wirts von der Pockelszelle (14)
ein Glanprisma lenden Schreiblichtstrahls;                    (20)
angeordnet ist; und - einem signalempfindlichen Lichtstrahlmo-  45   der
Wandler (80) so angeordnet ist, daB er den dulator (10) zur Modulierung des
Schreib-       lelcht konvergenten, reflektierten Strahl (54) strahis;
empffingt, der von der vorderen Prismenoberfli- - einer Einrichtung
zurweiteren Zerstreuung      che (22) des Glanprismas (20) reflektiert ist.
(34) des modulierten Schreibstrahls und zum Auftreffen des modulierten
Schreib-  50  4. Gernt nach Anspruch 1, strahis imr fokussierten Zustand
auf der       dadurch gekennzelchnet, Schreibflfiche (48) des Mediums (50),
wo-      dal der lichtempfindliche Wandler (60) aus einer bei die
Einrichtung zum Zerstreuen und         Matrix von photoelektrischen Zellen
gebildet ist Auftreffen des modulierten Schreibstrahis       und eine
Einrichtung zur Ausgabe eines Signals so angeordnet ist, daB sle den
Schreib-  55     entsprechend der auf jede Zelle einfallenden strahl nach
Reflektion von der Schreibfla-      Lichtmenge aufweist. che (48) des
Mediums (50) empffingt, wobei der reflektierte Strahl die Einrichtung in
um-  S. Gerat nach Anspruch 4, a    15                  EP 0 412 581 B1
16 gekennzoichnot durch,                                  - lesdits moyens
(22) pour devier le faisceau sine Anzeigoeinrichtung zum Empfang des der
de lumlibre reflechie l6gbrement conver- auf jede Zelle auftreffenden
Lichtmenge ent-             gent. pour qu'll soft incident sur un trans-
sprechenden Signals und zur gleichzeitigen Dar-          ducteur (60)
sensible A la lumibre sans que stellung von auf alle Zellen auftreffenden
Licht-   5    leditfaisceau r6flechi d6vi passe A travers mengen
entsprechenden Kennwerten.                        une quelconque lentille
avant ladite inci- dence; 6. Gerat nach Anspruch 5,
- ledit transducteur produit un signal de sor- dadurch gokennzelchnet,
tie qui varile en correspondance avec l'etat daB die Anzeigeeinrichtung ein
Videomonltor  lo          ou la condition de focalisation dudit fais- (68)
mit einem Raster ist, welches an Positionen         ceau d'ecriture sur la
surface (48) dudit mi- intensiviert ist und welches Helligkeitspegel auf-
lieu (50). weist, welche den entsprechenden Zellenpositio- nen der Matrix
und den Pegeln des auf die ent-   2. Appareil selon la revendication 1,
comprenant: sprechenden Zellen auftreffenden Lichts ent-  15       - des
moyens pour Indiquer Isc caract6risti- sprechen.
ques de profil du faisceau reflechi legere- merit convergent et incident
sur le transduc- 7. Gernt nach Anspruch 4,
teur (60) lorsque le faisceau d'ecriture (8) dadurch gekennzelchnet,
incident sur la surface (48) du milieu est fo- daB die Matrix sine Vielzahl
von Reihen und sine   20    calise pour definir un profil de ref6ronce;
Vielzahl von Spalten der photoelektrischen Zel-        - et des moyens pour
ajuster les moyens op- len aufweist, wobei jede dieserZellen im wesent-
tiques affectant la focalisation du faisceau lichen quadratisch ist und
sine Seitenlange von          d'ecriture (8) sur le milieu d'ecriture (50)
ungefohr 0,0254 mm aufweist                             lore de la
constation que le faisceau d'6cr- 25          ture (8) incident sur la
surface (48) du mi- lieu d'ecriture (50) est hors focalisationjus-
Revendicatlons                                              qu'A ce que le
faisceau reflechi l6gbrement convergent (54) Incident sur le transductbur 



1. Appareil pour le contrOle de la condition de foca-       (60) assume
ledit profil de r6f6rence. lisation d'un faisceau de lumiere d'ecriture
incI-  30 dente sur une surface d'ecriture d'un milieu d'en-  3. Apparell
selon la revendication 1, dans lequel le registrement (50), comprenant
modulateur de faisceau (10) est du type ayant - un laser (2) ayant un
resonateur focal pour    une cellule de Pockels (14) recevant le faisceau
former un faisceau de lumiere d'ecriture ou     d'6criture (8) de la source
(2), suivi d'un prisms d'enregistrement incidente, legerement di-  35  de
Glan (20) en aval de la cellule de Pockels (14); vergent.;
et - un modulateur de faisceau de lumibre (10)           ledit transducteur
(60) estarrange pour re- sensible A un signal pour moduler ledit fals-
coevoirle faisceau reflechi l6gbrementconvergent K"           ceau
d'ecriture;                                (54) r6fl6chi par la surface de
prisms Is plus en - des moyens pour faire diverger davantage   40  avant
(22) du prisms de Glan (20). leditfaisceau d'ecriture module et pour ron-
dre incidents Is faisceau d'6criture modul6  4. Appareil selon la
revendication 1, dans lequel le dudit modulatbur, a l'etat de focalisation,
transducteur sensible A la lumiere (60) est une sur ladits surface
d'ecriture (48) dudit ml-   matrice de cellules photoelectriques et
comport. lieu (50);                             45      des moyens pour
produire un signal de sortie re- - lesdits moyens pour faire diverger et
pour     pr6sentatif de la quantite de lumilre parvenant A rendre incident
Is falsceau module 6tant       chaque celluls. arranges
pourrecevoirleditfaisceau d'ecfi- ture aprbs une r6flexion, en provenance
de  5. Apparell selon la revendication 4, comprenant un laditb surface
d'ecriture (48) dudit milieu   5o  dispositif de reproduction recevant
ledit signal re- (50);
pr6sentatif de la quantite de lumiere incident sur - ledit faisceau
reflechi quittant de tols       chaque cellule et reproduisant
simultanement moyens dans la direction inverse A un etat     des indices
correspondants A des quantites de legbrement convergent;
lumilre incidente sur toutes les cellules. - des moyens (22) pour devier
etantdisposes   55 entre ledit laseret lesdits moyens pourfaire  6.
Appareil selon la revendication 5, dans loquel le diverger davantage
leditfaisceau d'ecriture    dispositif de reproduction ou de visualisation
est module;                                        un dispositif video (68)
ayant une grille intbnsi- 9    17                  EP d 412 581 B1
18 fiee par endroits et des niveaux de luminence re- ferences aux positions
de cellules correspondan- tes dans ladite matrice et A des niveaux de
lumie- re incidents sur lesdites cellules correspondant respectivement.
5 7. Appareil salon la revendication 4, dans lequel la matrice pr6citee
comprend une pluralite de ran- gees et une pluralite de colonnes de
cellules pho- toelectriques, chacune deadites cellules 6tant es-  1O
sentiellement carree et ayant des dimensions la- terales
d'approximativement 0,0254mm. 15 20 25 30 35 40 45 50 55 10    


