
1                    0074 115                          2 Description
beam of laser light substantially parallel to the reading laser light beam.
This separate laser The present invention relates to light beam
beam is focused onto the disc by the same optical scanning apparatus, and
more particularly relates      system used to focus the read beam. The
light of to apparatus for detecting defects in information    5    the
separate laser beam is reflected off of the discs such as optical discs.
laser disc and directed to a special photo detector An optical disc is a
clear plastic disc approxi-    which detects the size of the beam  incident
mately the size of a standard LP phonograph            thereon and provides
an output signal indicative record, which has a thin reflective layer
imbedded    of the state of focus of the separate light beam. in its
interior. The reflective layer is provided with   10    This output signal
is used in a focus servo a spiral-shaped information track in the form of a
mechanism to maintain the separate beam in a series of spaced-apart
indicia, such as pits or        focused condition even if the disc is
warped. This holes, which can be "read" by  a focused laser         also
maintains the read beam in focus. beam by directing the focused spot of the
laser         Such a focus servo system is used in writing beam along the
spiral-shaped track and detecting    15   apparatus as well. the variations
in the intensity of the light reflected  It has been discovered, however,
that the pre- therefrom as the spot encounters alternately indi-    sence
of certain kinds of defects in the reflective cia and the reflective
surface between the indicia.    surface of the video optical disc, namely
"dimp- A detailed description of such a disc, in which the    les" and
"inclusions", can cause the focus servo indicia are holes may be found in
U.S. patent No.   20   system to exceed its limits and thereby cause the
4,264,911 which issued on April 28, 1981 to            optical system to
lose focus, with consequent loss Richard L Wilkinson.
of information storage or retrieval, as the case The size and spacing of
the indicia, and the         may be. In the case of video disc playback,
this spacing of adjacent spiral tracks in a typical         can result in
the temporary disruption of the video optical disc are extremely small,
being of the    25    picture, frame skipping, and jump back, all of order
of magnitude of approximately one micron.       which are unacceptable from
a commercial stand- In order to "read" the information contained in
point. the indicia of such extremely small dimensions,         Since such
defects are typically too small to be the reading laser must be focused to
an extremely    seen with the naked eye, visual inspection is an small
spot, being also of the order of magnitude    30   inadequate technique. In
addition, not all defects of one micron.
give rise to disruptions of an unacceptable nature. Hole-type indicia can
be formed in the reflective  Consequently, the technique utilized in the
com- layer by means of a high intensity "writing" laser     mercial
peoduction of optical video discs discs involves which is focused onto the
layer and turned on and      simly playing all or part of the disc and
looking off as it is directed across the disc in spiral   35  for any
disturbances in the video picture which fashion. When the writing laser is
turned on, it      are considered unacceptable. However, if the causes a
hole to form in the reflective layer where   entire disc is played, this is
highly costly in man- it is focused, and when it is turned off it leaves
the  hours. If only a part of the disc is played, however, layer
unaffected. Information can be imparted to   not all defects will be
detected. the track by controlling the length and spacing of  40  It will
therefore be appreciated that there is a the holes.
need for an apparatus for detecting defects in In reading optical discs,
whether of the "hole"       optical discs which permits the rapid identi-
type of the "pit" type, the reflected light of the   fication and location
of defects in conjuntion reading laser is directed to a photo detector
with a player apparatus to enable the rapid and where the variation in
intensity of the light inci- 45    selective playing of only those areas of
the disc dent on the photo detector due to the presence
suspected of being defective to determine if an and absense of indicia in
the reading track cause  unacceptable defect exists at that area. the
output signal of the photo detector to take the      U.S. Patent 4,030,835
describes a method and form of a series of pulses. The length and spacing
arrangement for detecting defects in a spiral in time of these pulses
correspond to the length    50    groove used to store information. For
that aim they and spacing of the indicia on the optical disc, and  surface
of a video disc is scanned by a laser beam. In this way the recorded
information is recovered,   with a relatively large diameter and oblique
angle Inboth reading and writing it is necessary to    of incidence. The
optical grating formed by the maintain the laser spot in focus on the
surface of    grooves arranged close to each other diffracts the the
reflective layer. In both operations this is  55  beam  to detectoe means
if the illuminated area is accomplished typically by means of a separate
defect free, otherwise the diffracted light is dis- servo system which
controls the position of an        placed and the detector output changes.
objective lens over the surface of the disc.             This method
permits a rapid scan of the disk for The player apparatus disclosed in U.S.
Patent         defects; there is, however, no practical possibility
4,332,022 is designed especially to play video    60   to integrate the
oblique test beam into existing optical discs that contain video
information for       playback or recording machines. Thus, video storage
and playback of television program            information contained in an
area indicate as material. Briefly, the technique disclosed therein
defect cannot be displayed immediately during for maintaining the focus of
the spot of laser light  the test to assess the effects of the defect on
video on the disc involves the provision of a separate    65    playback
quality. 2 



3                   0 074  115                        4 In the case of
computer data storage and              Another use to which the apparatus
of the retrieval, if a defect is known to exist on the       present
invention is especially adapted is in con- reflective layer of an optical
disc, a special code   nection with a digital data recording apparatus to
can be inserted into the information track imme-      permit the accurate
detection of the size and diately in advance of the defect which will cause
5    location of defects in the recording medium sur- the information
reading apparatus to stop looking     face so that in response thereto, the
recording of for information for the period of time it takes the   data in
the areas where defects have been de- read beam to pass over the defect.
Data retrieval     tected can be inhibited, and. appropriate flag can then
be resumed, and in this way no informa-      codes can be. provided in the
information, track tion is lost. Thus, optical discs having defects can
10   which informs the digital data reading machine be used to store
computer data for retrieval if the   not to look for data as it passes.
over the defective location and size of defects can be accurately
location.. determined in conjunction with an apparatus for         In this
connection, existing optical elements of storing the information on the
disc.                  the information recording apparatus may be used It
will therefore be appreciated there is a need    15    as well for the
apparatus of the present invention. for a defect detecting apparatus which
provides         Other aspects and advantages of the present accurate
identification of the location and size of   invention will become apparent
from the follow- defects in optical discs. Further, there is a need for
ing description of the preferred embodiment, a defect detector apparatus
which provides           taken in conjunction with the accompanying
accurate detection of defects in conjunction with a    20    drawings,
which disclose by way of example, the laser writing function for an optical
disc to permit  principles of the invention.       - the precise
localization of the writing laser beam      Figure 1, is a partial cross
section of an optical in advance of the defective area.
information recording disc depicting an inclusion- The  present invention
fulfills the  afore-        type defect therein. mentioned needs.
25      Figure 2 isaschematic diagram of a prior art The present invention
is embodied in a beam-        laser beam defect detecting apparatus.
scanning apparatus for detecting a property of a        Figure 3 is a
schematic diagram of a laser beam light beam reflected off of a surface to
be scan-     defect detecting apparatus  accordng to the prin- ned, which
may be used in connection with             ciplesof the present invention.
- another light beam  scanning apparatus, for   30        Figure 4  is a
lens diagram showing the incident example, by. way of retrofit to an
existing            light beam of the present invention. apparatus.
Included in the apparatus of the             Figure 6 is a lens diagram
depictingthe incident present invention is a focusing, or objective lens
and reflected light beam of the present invention disposed above a surface
to be scanned and            off of a defect. means for maintaining a
substantially fixed dis-   35   Figure 6 is a schematic diagram depictin.
the. tance between -the focusing lens and the scanning    refilected light
beam from  the scanned surface surface. Also included are scanning means
for       along two different paths. providing lateral movement between
the'lens and         Figure 7 is aschematic diagram of a light beam the
surface. A light beam  source is provided        detector used inthe
present invention. arranged to provide a light beam which is off-axis   40
Figure 1 is a cross sectional diagram of a with respect to the central axis
of the lens,         portion of an optical dic 10 which shows an wherein
the light beam  is directed to pass        "inclusion" type defect. The
disc 10 is made of through the lens the scanned surface. A light       two
clear plastic disc parts 12 and 14 which are beam sensing  element is
positioned so as to          bonded together with a layer of adhesive 16.
Each detect that portion of the light beamreflected off   45   of the
disc's parts 12, 14, is provided with a layer of the surface and
transmitted back through the       of reflective material 18, 20 as shown.
The infor- lens.                                                 mation
tracks described above are formed in More particularly, the scanning
apparatus of       these layers 18, 20 in a completed disc according the
present invention is especially adaptable for    to one of several
different known processes. use in connection with a video disc playback
50     A small particle of contaminating material 22 is apparatus. Such
playback apparatus typically in-      present in the adhesive layer 16
between the parts cludes a laser beam servo system for maintaining     12,
14. Such a particle can be introduced in the a focusing lens in a
substantially fixed relation     manufacturing process in a number of ways
for ship with respect to a video disc being read. The    example, if a dust
particle lands on the adhesive apparatus ofthepresentinvention maybe.
easily   55   prior to the bonding together of the disc parts. retrofitted
to such video disc playback machine so   The presence of the particle 22
results in an as to use the focusing lens already provided in the
inclusion which causes bulging areas 24, 26 of the system as well as other
optical elements provided    reflective layers 18, 20. If the slope of the
sides of in the apparatus such as mirrors, quarter wave-       such 'a
bulge is great enough the focused servo length plates, and beam splitters
to provide an    60   system cannot maintain focus in thevicinityof the
accurate and rapid defect detecting function. with    bulge and the
aforementioned': problems arise. respect to a video optical disc. The
player may be    Other kinds of defects causing similar sloped quickly
directed to the detected defective area for   surfaces in the reflective
layers 18,20 may also be 



playback over the area to determine if the area       present in the disc
10.     - provides acceptable playback.                   65      One prior
art arrangement which was devised 3    5             0 074 115
6 in order to detect the presence of such defects is   above the surface of
the disc. The objective lens depicted in Figure 2. A laser 30 provides a
motion assembly surrounds the lens, further ex- polarized laser light beam
output 32 which is       tending the diameter of the arrangement. These
directed to a mirror 34 where it is reflected to pass  elements thus
present a problem in adapting the through a polarizing beam splitter 36.
The light    5    arrangement of Figure 2 to an optical recorder beam then
passes through a quarter wavelength        playback apparatus so as to
provide defect detec- plate 38 before being reflected off of the surface
tion with desired closeness to the primary laser 18, which is made to move
laterally with respect     beam spot. to the beam 32. The incident beam 32
is directed       Figure 3 of the drawings shows in block dia-
perpendicularly with respect to the plane of the    10   gram form  the
preferred embodiment of the surface 18. Therefore, if the surface 18
contains    present  invention. In accordance with  this no irregularities,
the reflected beam 42 will be    embodiment of the invention a standard
video directed back along the same path to the polariz-   disc player
apparatus has been modified to in- ing beam splitter 36 after passing again
through    clude the off-axis light beam defect detector of the the quarter
wavelength plate 38. After thus pass-   15   present invention. A first
laser beam source 50 is ing twice through the quarter wavelength plate
provided which emits a polarized beam of co- 38, the light beam 42 is
rotated [err] with respect to  herent light 52. This beam of light 52 is
reflected off the incident light beam  32. Therefore, sub-         of
mirrors 54 and 58 through a defraction grating stantially all of the
reflected light beam 42 will be  58 and beam diverting lens 60 to a
polarization reflected by the beam splitter 36 as shown.     20   beam
splitter 62. The polarization of the light As described above in connection
with Figure 1,       beam 52 is oriented so that a substantial portion the
sides of the defect present a reflective surface  of the beam passes
through the beam splitter. which is oriented at an angle with respect to
the   The laser light 52 which passes through the beam plane of the
reflective surface 18. Consequently,   splitter 62 is directed through a
quarter wave- when the incident beam 32 of the apparatus of   25   length
plate 64 to a further mirror 66 where it is Figure 2 encounters such a
defect it is not re-     directed to an objective lens 68. The objective
lens flected back along the same path, but rather it is   68 focuses the
diverging beam of laser light 52 to reflected at some angle with respect to
the inci-   a spot 70 on the surface of a video disc 10. The dent path.
Such a beam 42' is reflected off of the  video disc 10 is clamped to a
spindle 74 which is beam splitter 36 in a different direction. A posi-   30
rotated at high speeds by a spindle drive system tion-sensitive photo
detector 44 is placed along    75 so that, in conjunction with a linear
tracking the path of the light beams 42,42' reflected off of   mechanism
associated with the objective lens the beam splitter 36 and a signal is
derived which  (not shown)a spiral tracking function may be is
representative of the displacement x of the       effected for the spot 70
of laser light on the disc reflected beam 42'. Since the distance of x
shown    35   72, as is well known in the art. The light 52 is in Figure 3
corresponds geometrically to the      reflected back from the disc through
the objective angle D of the reflected beam 42' with respect to  lens 68
where it is reflected off of mirror 66 and the reflected beam 32 the output
signal of the       directed back through quarter wavelength plate
photodetector provides a measure of the pre-         64 to the polarizing
beam splitter 52. Because the sence of a defect.
40   reflected light directed to the beam splitter 62 Such an arrangement
has proven effective in        passes through the quarter wavelength plate
64 detecting defects in optical discs.                 twice the direction
of polarizaion is rotated by [err] However, such an apparatus is not
readily           with respect to the incident light 52. Therefore, a
adaptable to provide   spot of light for defect      substantial portion of
the reflected light will be detection close enough to the "read" laser spot
or   45   reflectd by the beam splitter 62 at right angles to "write" laser
spot in a reading or recording       the central axis of the incident light
beam due to apparatus for desired accuracy of detection of       the
orientation of the surfaces of the beam splitter defect location and size
with respect to the prim-     62 as shown. ary (reading or writing) laser
spot. For example, it  A focusing lens 76 is placed in the path of the is
desired to place the defect detecting laser spot   50   light which has
been reflected by the beam approximately 0.1 to 0.2 mm from the primary
splitter 62 to focus that light onto a photodetector laser spot in the case
of a video playback device in    78. The photodetector 78 may be arranged
so as order to obtain the highest possibly accuracy of           to provide
an output signal representative of the detection of the location of defects
with respect to   state of focus of the spot 70 of light with respect to
the primary laser beam spot while at the same    55   the video disc 10.
Such output signal may be pro- time providing sufficient lead of the defect
detect-  vided on a signal line 80 to a servo control mech- ing spot on the
disc in advance of the primary       anism 82 which, in response to the
signal on line laser beam spot to permit automatic switching        80
maintains a relative spacing between the without overshoot from a fast scan
mode to a play    objective lens 68 and the disc 10 so as to maintain mode
within the response time of the player.   60   the spot of light 70 in
focus on the reflective 



However, the objective lens and objective lens     surface of the disc 10.
motion assembly used in the focus servo system        The construction and
operation of the fore- are relatively large and must be placed close to
going portion of the present invention are well the disc; a typical
objective lens is about 8 mm in  known in the art. diameter and typically
rides approximately 3 mm    65  In accordance with the principles of the
present    7                   0 074 115                       8 invention,
a second laser light beam source 84 is   light beam 52. Thus the lateral
deflection "r" of provided  which  emits a  second, auxiliary         the
light beam at the pupil plane of the objective polarized laser light beam
86. This second beam     lens 6 is given by: 86 passes through an auxiliary
light beam focus- ing lens 88 to mirrors 90 and 92 which direct the    5
r = [err] auxiliary laser light beam 86 through the polariz- ing beam
splitter 62 so as to pass through the       where s is equal to the
distance of the pupil plane quarter wavelength plate 64. This beam then
of the objective lens 68 from the surface of the passes to the mirror 66
which directs the beam 86    video disc 62. A representative value of s for
a through the objective lens 68 which focuses the    10   conventional
video disc player is approximately beam 86 to a second spot 94 on the
surface of the    8.2 mm. For such a configuration, video disc 10. The
light from the auxiliary beam 86 reflected off of the video disc 10 passes
back                 r.= 16.44[err] (mm). through the objective lens 68 and
is reflected by mirror 66 through the quarter wavelength plate 64   15
Figure 6 is a schematic diagram showing the to the polarizing beam splitter
62. Because it      relationship between the objective lens 68, the passes
twice through the quarter wavelength         surface of the video disc 10,
and the photo- plate 64, a substantial portion of this light 96 is
detector subsystem 100. The beam of reflective reflected by the beam
splitter 62. A mirror 98 is   light 114 is shown deflected by the distance
r at placed in the path of the reflected light beam 96   20   the objective
lens 68, as described above in con- which directs the light beam 96 to a
photodetector  nection with Figure 5. The path of the reflected subsystem
100.                                       light beam 114 in the case where
no defect is The operation of the embodiment of the             present and
reflection is normal to the reflective present invention just disclosed
will now  be       surface of the disc 10 is also shown for reference.
described.                                     25     As can be seen; the
reflected beam 11 4 and 114' Referring now to Figure 4, a simplified
diagram  converge on a point 116 located at the back image is shown of the
objective lens 68 and the video      plate 118 of the objective lens 68.
The beams then disc 1 0. As can be seen, the incident auxiliary   diverge
and impinge on the photodetector sub- beam of laser light 52 converges due
to the     system 100, as shown. The photodetector sub- focusing action of
the auxiliary beam focusing    30   system 100 is located a distance 1 from
the back lens 88 (Fig.3) to a focal point 102 wh ich, by      image plane
118, as shown by arrow 120. This appropriate selection and arrangement of
the        distance 1 is equal to the long conjugate of the focusing lens
88, using well-known techniques, is    objective lens 68. Because the
photodetector sub- made to coincide with the focal point f of the
system 100 is located at this distance from the objective lens 68 on the
opposite side of the lens    35   back image plane 118, it is in a 1:1
conjugate 68 from the video disc 10. This causes the light    relationship
with the lens and, consequently, any beam 52 which emerges from the
objective lens        lateral deflection r at the objective lens 68 due to
68 to be a collimated beam of light parallel with     deflection of the
reflected light beam 114 will give the central axis of the lens. By thus
orienting the   rise to a corresponding lateral deflection r of the disc
and collimating the light beam 52 which is 40  incident light beam 114 on
the photodetector sub- incident on the disc 10, the size and location of
the  system 100, as shown. spot formed by the beam 52 on the disc 10 remain
Figure 7 is a schematic diagram of the photo- constant despite any
variation in the spacing       detector subsystem 100 shown in Figure 3. A
split between the objective lens 68 and the disc 10       (bi-cell)
photodetector 100 is provided, having a which might occur.
45  left cell A and a right cell B. This photodetector If the reflective
surface of the video disc 10 is  100 may be a quadrature photodetector
having completely flat, the incident light beam 52 will be  each of the
left and right quadrant cells connected reflected off of the disc 10 and be
directed back  together electrically to provide a split a split cell func-
along the same path as the incident beam. Thus,  tion. This permits
measurement of the lateral in Figure 5 the light beam 52 represents both
the   50   deviation of the light beam incident on the photo- incident and
the reflected light beam from a com-    detector 100 in one direction. In
the preferres pletely flat surface.
embodiment, lateral deflections of the light beam Referring now to Figure
5, a simplified diagram     114 corresponding to defect slopes in the
tangen- of the objective lens 68 and the surface of the  tial direction are
detected, while defect slopes in video disc 10 is shown in connection with
the    55   the radial direction are not detected. It has been presence of
a defect 1 10 shown greatly enlarged    found that motions induced in one
or more of the as to scale for the purposes of clarity of descrip-  optical
elements of the video disc player, for tion. Also for purposes of clarity,
light beams are  example, mirror 66 (Fig. 3)by the acyion of the 



depicted as single lines.                            radial tracking error
servo system give rise to As shown, the light beam 52 is incident on the
60    motions of the incident auxiliary laser beam 86. sloping side surface
of the defect 1 10. The tangent  These motions of the beam 86 result in
lateral of the surface of the defect 1 10, is depicted by line  motions of
the light beam spot on the photo- 1 12 which makes an angle r with respect
to the    detector 122 (Fig. 7) which cause false defect flat surface of
the disc 10. The reflected beam 114  signals in the radial direction.
Accordingly, the forms an angle of 2r with respect to the incident   65
preferred embodiment of the present invention 5    9                   0
074 115                       10 only detects defects in the tangential
direction. It  where the radial dimensions of the laser beam 52 should be
understood, however, that in the ab-       reach a minimum. In the
preferred embodiment sence of such induced beam motion errors in the
of the present invention, the placement of the radial direction, defect
detection may be effected   deflecting mirror 92 is adjusted so that the
center in the radial direction by the appropriate arrange-    5    of the
auxiliary laser beam spot 94 is located at a ment of a split detector or by
the provision of a    distance of approximately .1 to .2 mm from the
quadrant photodetector.                              spot 70 of the first
laser beam 52 radially in the Returning now to Figure 7, the circular
bound-     direction of forward reading of the first laser ary 124 of a
spot of light incident on the photo cell  beam 62. Thus, if the apparatus
reads by advanc- 100 is shown, off-set by the distance r from the    10
ing the laser beam spot 70 outwardly in a spiral- line of separation
between Cell A and Cell B. it will  ling fashion, the center of the spot 94
is spaced be recalled that the distance r represents the
approximately.15 mm fromthe center of spot 70 lateral deviation of the
reflected beam of light at  in the radial direction and toward the outside
of the pupil plane of the objective lens 68, described  the disc. above in
connection with Figure 5. It will also be    15    In addition, the ratio
of the focal lengths of the appreciated that small spots of light do not
have    auxiliary beam converging lens 88 to the objec- well defined
boundaries due to defraction and       tive lens 68 in the preferred
embodiment of the other effects. Following convention, it will be
present invention is selected, according to well- assumed that the circular
boundary 124 re-           known principles, to produce a spot 94 having a
presents the [err] light intensity boundary of a    20   diameter of
approximately 80 microns. It has spot of light.
been found that the combination of a spot dia- The presence of light on
cells A and B give rise   meter of 80 microns and a radial spacing of to
currents [err] on output signal lines 126, and   approximately .15 mm
between the spots 70 and 128, respectively. Signal lines 126 and 128 are
94, as described above, permits the video disc 10 connected to the inputs
of a differential amplifier   25   to be read rapidly in a "fast scan mode"
and, 130 which produces an output on signal line 132      upon the
detection of a defect, the video disc proportional the difference between
signals IA       player can automatically switched to a "read and [err]. It
will be appreciated that when the cehter  mode" without the necessity of
backing up the 134 of the incident beam  coincides with the
objective lens. The previously detected defect boundary 136 between the
cell A and cell B of the    30   area may then simply be read by the first
laser photodetector 122 currents [err] and [err] are equal and  spot 70 and
the video 'picture viewed to determine the differential amplifier 120
produces no output.  if the defect gives rise to acceptable disruptions in
However, if the beam is deflected, for example, to  the video picture. the
right as shown in Figure 7, one cell receives     It will be appreciated
from 'the foregoing that proportionately more light than the other. This is
36   the present invention represents a significant represented in the
figure by the cross hatched      advance in the field of defect detection
in optical area 138 in the Figure.                             discs. In
particular, the invention provides an The output on line 132 from the
differential       effective apparatus for providing an accurate amplifier
130 is proportional to twice the amount    measurement of size and location
of defects in the of light falling on the cross hatched area 138.   40
reflective surface of optical discs with respect to a Therefore, knowing'
the distribution of light within  reading or writing laser beam spot on the
disc. the boundary 124 of the spot, the performance        This permits
much less time consuming quality characteristics of the photodetector 122,
and the    control in video optical disc manufacture and also electrical
characteristics of the differential ampli-  permits defective optical discs
to be used as fier 130, a quantitative measurement of the di-   45
computer data storage ele ents through the mension r may be made based on
the magnitude         accurate placement of appropriate codes in of the
output signal on line 132. If the size of the  affected information tracks
as defects are de- spot 94 (Fig. 3) on the video disc 10 is small with
tected in the disc and the data is "written" therein. respect to the
dimension of the detected defect,    In addition, the apparatus is readily
adaptable to then r may be computed as well using the formula   50
existing laser beam reading or writing appratus r = [err],  explained
above.  Thus,  a  very         with a minimum of modification. accurate
measurement of the size of a defect can      Although the invention has
been described in be made. These calculations are well within the
detail with respect to its presently preferred scope of one skilled in this
art.                    embodi ment, it would be undersoby one of Returning
now to Figure 3, it can be seen that   55   ordinary skill in the art that
various modifications 



by appropriate placement of mirror 92, with         can be made without
departing from the spirit of respect to the central axis of the first laser
beam,  the scope of the invention. Accordingly, it is not spot 94 may be
located on the disc 10 wherever       intended that the invention be
limited except as desired with respect to the spot 70 of the first     by
the appended claims. laser beam, limited by the field of view of the    60
objective lens 68 and the radial dimensions of the   Claims first laser
beam 52 at the location of the deflecting mirror 92. This radial dimension
may be made to       1. A scanning apparatus for optically detecting be
quite small by placing the deflecting mirror 90   defects (24, 26) in a
surface (18, 20), said close to the focal point of the diverging lens 60
65   apparatus comprising: a focusing lens (68) dis- 6    9
0 074  115                       10 only detects defects in the tangential
direction. It  where the radial dimensions of the laser beam 52 should be
understood, however, that in the ab-       reach a minimum. In the
preferred embodiment sence of such induced beam motion errors in the
of the present invention, the placement of the radial direction, defect
detection may be effected   deflecting mirror 92 is adjusted so that the
center in the radial direction by the appropriate arrange-    5    of the
auxiliary laser beam spot 94 is located at a ment of a split detector or by
the provision of a    distance of approximately .1 to .2 mm from the
quadrant photodetector.                              spot 70 of the first
laser beam 52 radially in the Returning now to Figure 7, the circular
bound-     direction of forward reading of the first laser ary 124 of a
spot of light incident on the photo cell  beam 52. Thus, if the apparatus
reads by advanc- 100 is shown, off-set by the distance r from the    10
ing the laser beam spot 70 outwardly in a spiral- line of separation
between Cell A and Cell B. It will  ling fashion, the center of the spot 94
is spaced be recalled that the distance r represents the
approximately .15 mm from the center of spot 70 lateral deviation of the
reflected beam of light at  in the radial direction and toward the outside
of the pupil plane of the objective lens 68, described  the disc. above in
connection with Figure 5. It will also be    15  In addition, the ratio of
the focal lengths of the appreciated that small spots of light do not have
auxiliary beam converging lens 88 to the objec- well defined boundaries due
to defraction and        tive lens 68 in the preferred embodiment of the
other effects. Following convention, it will be      present invention is
selected, according to well- assumed that the circular boundary 124 re-
known principles, to produce a spot 94 having a presents the [err] light
intensity boundary of a    20   diameter of approximately 80 microns. It
has spot of light.                                       been found that
the combination of a spot dia- The presence of light on cells A and B give
rise   meter of 80 microns and a radial spacing of to currents [err] on
output signal lines 126, and   approximately .15 mm between the spots 70
and 128, respectively. Signal lines 126 and 128 are      94, as described
above, permits the video disc 10 connected to the inputs of a differential
amplifier   25   to be read rapidly in a "fast scan mode" and, 130 which
produces an output on signal line 132      upon the detection of a defect,
the video disc proportional the difference between signals IA       player
can automatically switched to a "read and [err]. It will be appreciated
that when the center  mode" without the necessity of backing up the 134 of
the incident beam  coincides with the         objective lens. The
previously detected defect boundary 136 between the cell A and cell B of
the    30   area may then simply be read by the first laser photodetector
122 currents [err] and [err] are equal and   spot 70 and the video picture
viewed to determine the differential amplifier 120 produces no output.   if
the defect gives rise to acceptable disruptions in However, if the beam is
deflected, for example, to   the video picture. the right as shown in
Figure 7, one cell receives      It will be appreciated from the foregoing
that proportionately more light than the other. This is   35   the present
invention represents a significant represented in the figure by the cross
hatched       advance in the field of defect detection in optical area 138
in the Figure.                              discs. In particular, the
invention provides an The output on line 132 from the differential
effective apparatus for providing an accurate amplifier 130 is proportional
to twice the amount    measurement of size and location of defects in the
of light falling on the cross hatched area 138.   40   reflective surface
of optical discs with respect to a Therefore, knowing the distribution of
light within  reading or writing laser beam spot on the disc. the boundary
124 of the spot, the performance        This permits much less time
consuming quality characteristics of the photodetector 122, and the
control in video optical disc manufacture and also electrical
characteristics of the differential ampli-  .  permits defective optical
discs to be used as fier 130, a quantitative measurement of the di-   46
computer data storage elements through the mension r may be made based on
the magnitude         accurate placement of appropriate codes in of the
output signal on line 132. If the size of the  affected information tracks
as defects are de- spot 94 (Fig. 3) on the video disc 10 is small with
tected in the disc and the data is "written" therein. respect to the
dimension of the detected defect,     In addition, the apparatus is readily
adaptable to then r may be computed as well using the formula   so
existing laser beam reading or writing apparatus r = [err],  explained
above.  Thus,  a  very          with a minimum of modification. accurate
measurement of the size of a defect can       Although the invention has
been described in 



be made. These calculations are well within the      detail with respect to
its presently preferred scope of one skilled in this art.
embodiment, it would be understood by one of Returning now to Figure 3, it
can be seen that   55   ordinary skill in the art that various
modifications by appropriate placement of mirror 92, with          can be
made without departing from the spirit of respect to the central axis of
the first laser beam,  the scope of the invention. Accordingly, it is not
spot 94 may be located on the disc 10 wherever       intended that the
invention be limited except as desired with respect to the spot 70 of the
first     by the appended claims. laser beam, limited by the field of view
of the    60 objective lens 68 and the radial dimensions of the   Claims
first laser beam 52 at the location of the deflecting mirror 92. This
radial dimension may be made to        1. A scanning apparatus for
optically detecting be quite small by placing the deflecting mirror 90
defects (24, 26) in a surface (18, 20), said close to the focal point of
the diverging lens 60    65   apparatus comprising: a focusing lens (68)
dis- 6    11                  0 074 115                       12 posed a
distance from said surface; focusing        Sammellinse und der genannten
Oberfiache auf- means for maintaining a predetermined substan-
rechtzuerhalten; und Abtastvorrichtungen (75), tially fixed distance
between said. focusing lens   mit denen eine laterale Verschiebung zwischen
and said surface; and scanning means (75) for       der genannten Linse und
der genannten Ober- providing lateral movement between said lens    5
flache erzeugt wird, wobei die Fokussiervorrich- and said surface, said
focusing means including:    tungen enthalten: eine erste Lichtquelle (50)
zur a first light source (50) for providing a first light  Erzeugung eines
ersten Lichtstrahlenbundels (52), beam (52) parallel with the central axis
of said    das parallel zur Mittelachse der genannten Linse lens and
directed to said surface through said      verlauft und durch die genannte
Linse auf die lens; beam separating means (62, 64) disposed in   10
genannte Oberflache gerichtet wird; Strahiteiler- the path of said first
light beam for passing a sub-  vorrichtungen (62. 64) die im Weg des
genannten stantial portion of the light of said first light   ersten
Lichtstrahlenbundels angeordnet sind, um source directed towards said
surface and for        einen wesentlichen Tell des Lichtes der genann-
reflecting to a first detecting location a substantial  ten ersten
Lichtquelle durchzulassen, das auf die portion of the light of said first
light source which   75   genannte Oberflache gerichtet ist und um einen
was reflected off of said surface back through said  wesentlichen Teil des
Lichtes der genannten er- lens; focus sensing means (76, 78) disposed at
sten Lichtquelle, das von der genannten Ober- said first detecting location
for detecting astig-  flache durch die genannte Linse zuruckreflektiert
matism or the like in said reflected light beam     wurde, zu einer ersten
Feststell-Stelle abzulenk- which varies with the distance between said lens
20   en; Fokusabfuhlvorrichtungen (76, 78), die an der and said surface and
for providing an output        genannten  ersten  Feststell-Stelle
angeordnet signal representative thereof; and position con-    sind, um
einen Astigmatismus oder ahnliches in trol means (82) responsive to said
output signal    dem genannten reflektierten LichtstrahlenbOndel for
maintaining said lens at substantially said pre-  festzustellen, der sich
mit dem Abstand zwischen determined fixed distance from  said surface,   25
der genannten Unse und der genannten Ober- characterized by: a second light
source (84) for    flache verindert, und um ein Ausgangssignal providing a
second beam of light (86) which         abzugeben, das dafur reprasentativ
ist; und Lage- passes through said beam separating means (62,
steuervorrichtungen: (82), die auf das' genannte 64) and through said lens
(68), the axis of said    Ausgangssignal reagieren, unm . die genannte
second beam being non-parallel with the axis of   30   Linse im
wesentlichen in den genannten vor- said lens and passing through the focal
point       bestimmten festen Abstand von der genannten (102) of said lens
on the side of said lens opposite  Oberflache zu halten, said surface; and
defect detector means (100) for     gekennzeichnet durch: eine zweite
Lichtquelle detecting lateral movement of the portion of said   (84), die
ain zweites Lichtstrahlenburndel (86) er- second beam reflected from said
surface and    35   zeugt, das durch die genannten Strahiteilervor-
transmitted back through said lens.                 richtungen (62, 64) und
durch die'genannte Linse 2. A scanning apparatus according to Claim 1,
(68) verlauft, wobei die Achse des genannten wherein said first (52) and
said second (86) light  zweiten Strahlenbrlndels nicht parallel zur Achse
sources provide light beams polarized in one        der genannten Linse
liegt und durch den Brenn- direction, and wherein said beam  separating
40   punkt (102) der genannten Linse auf der Seite der means (62, 64)
comprises a polarizing beam          genannten Linse verliuft, die der
genannten splitter (62) disposed obliquely with respect to the  OberflIche
gegenuberliegt; und Detektorvorrich- axis of said second beam; and a
quarter wave-       tungen (100) fMr Defekte, um eine laterale Bewe- length
plate (64) disposed between said polariz-    gung des Teils des genannten
zweiten Strahlen- ing beam splitter and said surface.           45
bundels festzustellen, das an der genannten 3. Apparatus according to Claim
1, wherein said   Oberfliche reflektiert wurde und durch die defect
detector means (100) comprises a photo-      genannte Linse zuruckgelaufen
ist. detector having at least two sensing surfaces (A,     2. Eine
Abtasteinrichtung nach Anspruch 1, bei B), each having a separate output
(126, 128).       der die genannte erste (52) und die genannte 



4. Apparatus according to Claim 3, wherein said   so   zweite (861
Lichtquelle' Lichtstrahlenbundel er- photodetector (100) comprises a
quadrant photo-     zeugen, die in einer Richtung polarisiertsind und
detector such that lateral displacements of said    bei der die genannten
Strahiteilervorrichtungen reflected second light beam in two orthogonal
(62,64) einen polarisierenden Strahlteiler (52) ent- directions are
detectable by said defect detector   halten, der bezuglich'der Achse des
genannten means.                                        55   zweiten
Strahlenbundels schief an'geordnet ist; und eine
Viertelwellenrl'ingenplatte (64), die zwis- Patentansprilche
'    chen dem genannten polarisierenden Strahilteiler und der genannten
Oberflache angeordnet ist. 1. Eine Abtasteinrichtung fur optisch feststell-
3. Einrichtung nach Anspruch 1, bei der die bare Defekte (24, 26) in einer
Oberfliche (18, 20),   60   genannten Detektorvorrichtungen .(100) fMr De-
wobei die Einrichtung enthilt: eine Sammellinse     fekte einen
Photodetektor enthalten, der mindes- (68), die in einem Abstand von der
genannten       tens zwei Sensoroberflichen (A, B) enthilt, von Oberflache
angeordnet ist; Fokussiervorrich-        denen jede einen getrennten
Ausgang (126, 128) tungen, um einen vorbestimmten, im wesent-
aufweist. lichen festen Abstand zwischen-der genannten    65    4.
Einrichtung nach Anspruch 3, bei der der 7    13                   0  074
115                      14                      -i1D genannte
Photodetektor (100) einen Quadrant-          de sortie qui en est
representatif;-et un moyen de photodetektor enthalt, so  daB  laterals Ver-
reglage de position (82) repondant audit signal de schiebungen des
genannten reflektierten zweiten       sortie pour maintenir ladite lentille
sensiblement Lichtstrahlenbundels in zwei orthogonalen Rich-       a ladite
distance fixe predeterminee do ladite tungen durch die genannten
Detektorvorrich-    5    surface, caracterise par: une seconds source de
tungen fur Defekte festgestellt werden k6nnen.        lumiere (84) pour
produire un second faisceau de lumiere (86) qui traverse ledit moyen de
separa- Revendications                                        tion
duefaisceau (62, 64) at ladite lentille (68), l'axe dudit secrond faisceau
etant non parallile a l'axe 1. Appareil de balayage pour detecter optique-
10   de ladite lentille et passant par le point focal (102) ment des
defaults (24, 26) dans une surface,(18,      do ladite lentille du c6te ds
ladits lentille.qui est 20), ledit appareil comprenant: une lentille de
oppos i aditesurface;etun moyendetecteurde focalisation (68) disposee a une
certaine distance    defauts (100) pour detecter un mouvement lateral de
ladite surface; un moyen de focalisation pour      de- la partie dudit
second faisceau rdflechi par maintenir une distance fixe sensiblement pre-
w5   laditesurface et retransmis A travers ladite len- determinee entre
ladite lentille de focalisation et   tille. ladite surface; et un moyen de
balayage (75) pour       2. Appareil de balayage selon Ia revendication a
produire un mouvement lateral entre ladite len-       obt lesdites premiere
(52) et seconde (86) sources tille et ladite surface, ledit moyen de
focalisation  de lumiere produisent des faisceaux de lumiere comprenant:
une premiere source de lumiere (50)   20    polarisds dans une direction et
oc ledit moyen de pour produire un premier faisceau de lumibre (52)
separation du faisceau 462, 64) comprendyn un parallele a l'axe central de
ladite lentille et dirige  diviseur do faisceau polarisant (62) dispose do
vers ladite surface b travers ladite lentille; un     manil.rejoblique par
rapporta l'ax e dudit second moyen de separation du faisceau (62,64)
dispose       faisceau;' et une plaque quart d'onde (64) dispo- dans la
trajectoire dudit premier faisceau de    25   see entre ledit diviseur de
faisceau polarisant et lumiere pour faire passer une partie sensible de la
ladite surface. lumiere de ladite premiere source de lumiere            3.
Appareil selon la revendication 1 oub ledit dirigee vers ladite surface et
pour une reflexion     moyen dhtscteiir do defauts (100) comprond un vers
un premrier emplacement deodetection d'une       photodetecteur aoyant au
moins deux surfaces. de     ,," partie sensible de la lumibre de ladite
premiere   30   dhtection (A, 8), chacune aant une sortie sparhe source de
lumiere qui a ete.reflechie par ladite      (126,128). ;.
- surface A travers ladite lentille; un moyen detec-      4. Apparoil selon
la reve ndication -3 oi0ledit tant Ia focalisation (76, 78) dispose audit
premier   photodetecteur :(00)  corprend  wi u poto-6' emplacement de
detection pour detecter l'astig-       dhtecteur a quadrants tel
quo.lesdhplacernts". matisme ou analogue dudit faisceau do lumiere   35
lathraux dudit second faisceau rhflochidolumiere . reflechie qui vare avec
la distance entre ladite      dansdeuxdi'rections.orth6ogonl..solent
dhtocta- lentille et ladite surface et pour produire un signal  bles
par,iledit moyen detocteur die dfauts. :' 40 50 65 8    


