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B584 B58Y B60X B63Y B721 B786 B788 B789 (54) OPTICAL RECORD READ APPARATUS
(71)  We, PHILIPS ELECTRONIC recorded as a modulation of the lengths of AND
ASSOCIATED  INDUSTRIES  the pits (a so-called "duty cycle"  50 LIMITED of
Abacus House, 33 Gutter  modulation). Lane, London, EC2., a British
Company,   When writing on the known record 5 do hereby declare the
invention, for which  carrier, a write beam  of radiation is we pray that a
patent may be granted to us, intensity modulated by for example an and the
method by which it is to be  electro-optic modulator, to which a  55
performed, to be particularly described in  rectangular signal in
accordance with the and by the following statement.-       information to
be written is applied. When 10    The invention relates to apparatus for
electronically composing said rectangular reading a record carrier on which
a  signal from the luminance information and television signal is stored in
an information  the chrominance and sound information  60 ..structure of
trackwise arranged areas  limitations in the signal are necessary so
alternating with intermediate areas, which  that higher harmonics are
produced. If all 15  structure is readable with optical radiation
information is contained in the lengths of and which areas influence a read
beam of  the areas and of the intermediate areas, this radiation in a
different manner than the  may result in mixing products of the first 65
intermediate areas, the television signal  and the further carrier waves
during comprising a first carrier wave which is  reading. Such mixing
products are 20   frequency modulated with the luminance  undesirable. If a
mixing product appears in information and further carrier waves  the
frequency band covered by the which  are modulated  with other modulated
first carrier wave, this gives rise  70 information, for example
chrominance and  to interference, so called moire, in the sound
information.                     luminance signal which is read from.the 25
In the case of a colour television signal,  record carrier and reproduced.
Similarly, a the "other" information is chrominance  mixing product of a
frequency within the and sound information, which sound may  frequency
bands occupied. by the  75 be modulated on one, two or even four  modulated
further carrier waves results in carrier waves. In the simplest case the
interference  in for example the 30  television signal is a black-white
signal and  chrominance signal which is read from the the sound is
modulated on one carrier  record carrier and reproduced. Which wave. The
track-shaped structure may mixing products occur and the disturbing  80
consist of a spiral track which extends over  effect of said mixing
products depends on a multitude of revolutions on the record  the choice of
the carrier frequencies on the 35  carrier; it may also consist of a
multitude of  one hand and on the photochemical concentric tracks.
process. and the signal processing circuits In "Philips' Technical Review",
33, No.  used during recording on the other hand.  85 7, pages 181-185, a
round disc-shaped    It is an object of the present invention to record
carrier is described, the luninance read a television signal from  a record
40   information and the chrominance and  carrier, whilst minimizing the
occurrence of sound information being contained in one  mixing products of
the luminance optically readable track in a binary coded  information and
the other information. For  90 manner. The information track comprises a
this, the type of record carrier chosen for multitude of pits which have
been pressed  reading is that disclosed and claimed in 45 into the record
carrier surface. The  Patent Specification, Copending Patent luminance
information is contained in the  Application No, 39940/75 (Serial No.
spatial frequency of the pits, whilst the   1,530,81 1) from  which the
present  95 chrominance and sound information is  application was divided
out. In this type of    2
1,530,812                                       2 record carrier the tracks
of the information  radiation source and an objective system structure
exhibit an undulation gas defined  for supplying radiation from the
radiation 



herein, and only the first carrier wave is  source, via the record carrier,
to a radiation defined by the spatial frequency of the  sensitive
information  detection  system,   - areas, whilst the further carrier waves
are  which  detection  system  converts the   70 defined by the variation
of the undulation  radiation which is supplied by the radiation of the
tracks, the undulation amplitude  source and modulated by the information
being substantially smaller than the period  structure  into an electric
signal, wherein of the track  structure in a direction  the information
detection system comprises 10 transverse to the direction in which the
four radiation in sensitive detectors which are   75 tracks are read as
defined herein, and the  disposed in the effective exit pupil of the
frequency of the first carrier wave being at  objective system, and which
detectors are least twice as high as the frequency of the  disposed in four
different quadrants of an 15     further carrier waves. An undulation is
imaginary x-y co-ordinate system having its origin at the centre of the
exit pupil,  80 consists of sinusoidal excursions Whose  whose x-axis
effectively extends in the frequency and/or amplitude vary along a  track
direction and whose y-axis effectively track. The period of the track
structure in a  extends transverse to the track direction, the direction
transverse  to the direction in. information detection  system  further '20
-: which the tracks are read is defined herein  comprising (a) means for
adding the 85 as the average separation between the outputs of
the detectors in the first and centre lines of adjacent tracks.
fourth quadrants, means for adding the By means of the read. apparatus to
be  outputs of the detectors in the second and described  hereinafter the
information  third quadrants, and means for forming said 25  contained in
the spatial frequency of the  first carrier wave signal as the sum  or   90
areas can be detected separately from the     difference of these two
addition signals,and information contained in the undulation of (b) means
for forming a first resultant signal . the tracks. There is substantially
no  from the outputs of the detectors in the first interaction between the
information bands.  and second quadrants, means for forming a . 30   By
employing a record carrier according to  second resultant signal from the
outputs of  95 the invention a system for the transmission  the detectors
in the third- and fourth    . of  television signal cart be obtained with
quadrants, said  resultant signals being ' two  substantially  independent
optical  either both the sum or both the difference channels. The main
advantage of this is that  of the outputs of the relevant detectors, and 35
the frequency bands and the signals stored means for forming the or each
further  100- in said channels may overlap one another. carrier wave signal
from. the difference The invention provides apparatus for 'between said
first and second resultant reading a record carrier on which a  signals.
'television signal is stored in an information   By "effectively" in the
track direction 40    structure of trackwise arranged areas  and transverse
to the track direction  105 alternating with intermediate areas, which
respectively  is meant  that when the structure is readable with optical
radiation,  detectors are projected. on the information  - and which areas
influence a read beam of 'plane of the record carrier a set of detectors
radiation in a different manner than the   occupy different positions
viewed in the 45  intermediate -areas, the television signal  track
direction and in the lateral direction  110 comprising a first carrier wave
which is  to the tracks respectively. The "effective" frequency modulated
with the luminance  exit pupil of the objective system is to be information
and further carrier waves  understood to mean the actual exit pupil of
which  are modulated  with  other  said  system  if said  pupil is readily
50  information, for example chrominance and - accessible. The.
'effective.. exit.. pupil  may  115 sound information, characterized in
that  also be constituted by an image formed the tracks of the information
structure  by a field lens or by a shadow image of the exhibit an
undulation, as defined herein,  actual pupil if this is not readily
accessible. that only the first carrier wave is defined by    A  preferred
embodiment of a read 55    the spatial frequency of the areas, whilst the
apparatus according to the invention,  120 further carrier waves determine
the  which apparatus is particularly suited for variation of the undulation
of the tracks,  reading a record carrier whose areas cause the undulation
amplitude  being  a difference in optical pathlength in the substantially
smaller than the period of the   read beam which is approximately an odd 60
track structure in a direction transverse to   multiple of a quarter
wavelength of the   125 the direction in which the tracks are read, as
radiation  to  be  used  for reading, is defined herein, and the frequency
of the   characterized in that both said resultant first carrier wave being
at least twice as  signals are the sum of the outputs. of the high as the
frequency o the further carrier  relevant detectors. 65 waves, said
apparatus comprising  a  It is to be noted that is has been proposed   130



1,530,812 in  the  published  German  Patent  of the colour television
signal. The period Application 2,342,906 which has been laid  [err] is
approximately  three times as open for public inspection, to employ four
great as the period [err]. In Fig. 2 the detectors in an apparatus for
reading an   amplitude of the undulation is repre- 5  optical information
structure. In the known  sented  exaggerated. In  reality  said  70
apparatus, however, the. information   amplitude is small relative to the
period of detection system consists of two detectors  the track structure
in the lateral direction only, which detectors are employed to read   of
the tracks, that is, relative to the average the information which is
contained in the   separation between the centre lines of 10  spatial
frequency of the areas. The two   adjacent tracks, said amplitude being for
75 other detectors are used for determining   example 1/10 of the said
period. the degree of centring of the read spot  . The track structure of
Fig. I and 2 may relative to a track to be read. The system be regarded as
a two-dimensional grating for transmitting a television signalby means
which  diffractsthe  radiation  used for 15  of a record carrier according
to the   reading in a number of directions. As the  80 invention differs
from that described in the  diffraction caused by the undulation of the
cited German Patent Application in that  tracks takes place in different
directions television information is also present in a   than the
diffraction. caused  by the direction transverse to the track direction.
transitions between the  areas and 20    Read apparatus embodying the
invention   intermediate  areas, the information  85 will now be described,
by way of example,  contained in the undulation can be read with  reference
to the accompanying   independently of the information contained drawings,
in which:                          in said transitions using a suitable
detector . Fig. 1 schematically shows a part of a   arrangement -         -
25 round disc-shaped record carrier, As is shown in Fig. 2, the chrominance
90 Fig. 2 greatly magnified shows a part of one  track of an information
structure          and sound information can be laid down in according to
the invention,                 the spatial frequency of the undulation.
Fig. 3 shows apparatus for reading the   However, it is alternatively
possible to record carrier of Figure 2.                            record
the chrominance  and  sound Fig. 4 shows the detection system used in
information in an amplitude modulation of   95 said apparatus,
an  undulation  of constant period. Fig. 5 illustrates an example of signal
Furthermore, it is possible to modulate the processing in the said
appratus,          undulation of the tracks both-in frequency 35    Fig. 6
through 11b and Figs. 13 through  and  in amplitude  the chrominance
information being for example recorded in 100 .   15 illustrate the
mechanism of reading, and.              mp Fig. 12 shows the amplitude of
the  the spatial frequency of the undulation and detected  signal as a
function of the  the sound information in the amplitude of said undulation.
difference in optical pathlength caused by 40  an undulating track.
The information structre ispreferably a Fig. 1 schematically shows. a part
of a phase structure, i.e. the phase of a read 105 round disc-shaped record
carrier 1, on  beam of radiation is modified thereby. The which a
television signal, for example a  areas are for example disposed at a
colour television signal, for example a  different depth in the record
carrier than 45  colour  television signal is stored. The  the intermediate
areas and the lands. The record carrier is provided with a multitude
record carrier may be radiation-reflecting  110 of tracks 2 alternating
with lands 3. The  or radiation-transmitting. For a satisfactory tracks
undulate relative to an average reading of a phase structure the distance
position,  as can be seen in Fig. 2, which  between the plane of the areas
and that of 50   igure greatly magnified represents a  the. intermediate
areas must be such that small part of a.track. The dotted line 6  radiation
which has passed an area or which  115 represents the mean position of the
track  is reflected at an area transverses an optical centre taken over a
large track length. For  pathlength  which  is approximately the tracks of
Fig. 1 the corresponding lines  (2n+ 1 )[err]/4 shorter or longer than the
55  6 are concentric or quasiconcentric if the  optical pathlength  covered
by radia- track is spiral-shaped. The local period of  tion which has
passed through or is  120 the undulation is designated [err]. Said period
reflected at an intermediate area. In this is determined by the chrominance
and  respect the optical pathlength  is the sound information in the case
of a colour  product of the actual pathlength and the - 60  television
signal, and consequently varies  refractive index of the medium in which
along a track. The track consists of a  said path extends. A is the
wavelength of the  125 multitude of areas 4 alternating with  radiation
used for reading and n=0, 1, 2 etc. 



intermediate areas 5. The local period of  For a record carrier having a
reflecting the areas is designated [err]. Said period is  information
structure which adjoins air, for 65  determined by the luminance
information   example, the distance between the plane of        -    4
1,530,812                                      4 the areas and that of the
intermediate areas  can be recovered by applying the output should be
approximately (2n+1) [err]/6.       signals of the summing devices 22 and
23, Fig. 3 shows appartus for reading a  whose inputs are connected to the
reflecting record carrier.. A  radiation .detectors 15, 18 and 16, 17
respectively, to a source 11, for example a laser, emits a read
differential amplifier 25, yielding a signal [err].  70. beam 12. Said beam
is focussed. onto the    Th  principle of  reading   will now  be
information plane 7 of the record carrier 1  explained with reference to
Figs. 6, 7, 8, 9, by an objective system, which is. 10, 11, 13, 14 and 15.
schematically represented by a single lens    By a lens L, which exhibits
no aberration, 10  [err]. The record carrier is shown in radial  a faithful
image B can be formed in the  75 cross-section. The tracks are designated
2.  image plane b of an object V which is The beam which is reflected by
the record  located in an object plane v (compare Fig. carrier and
modulated by the information   6). The object information  which is
structure passes the objective [err] for a  transmitted by the lens is
present in the 15  second time,  and is subsequently reflected,  beam
cross-section in a plane through an  80 for example by a semi-transparent
mirror  arbitrary point along the. optical axis 00' 13,  to a schematically
shown radiation-  and perpendicular to said axis However, in sensitive
information detection system 14.  the plane of the exit pupil of the lens
L    - The output terminals of said system are  certain information can be
detected -which  . 20  connected to an electronic circuit 19, in  in
practice often cannot be observed   85 which the signals from the detectors
are  separately from other information in the added and subtracted in a
specific manner.  image plane. The resulting  signals are subsequently
If the object is a grating, a radiation beam decoded.  .
c is divided by the grating into a zero-order 25.   The detection system
14 is disposed in   beam  [err], two first-order beams [err]  90 the plane
of the effective exit pupil of the   and [err] and a. number 'of
higher-order objective system  [err]. Said  effective exit  beams which are
not shown. The zero-order pupil may be an- image of the actual exit  beam
by itself contains no information pupil formed by a field lens [err]. For
clarity  about the  object; said information is 30  the Figure only shows
the image a' of one  distributed over the beams of other orders.  95 point
a of the exit pupil. The effective exit  Provided that the lens pupil is
sufficiently pupil may also consist of one of the shadow  large, all orders
together produce a faithful images of the acutal exit pupil. Ifthe actual
image of the grating in the image plane. The exit pupil of the objective
system is suitably  individual orders cannot be distinguished in 35
accessible. it is obvious that the detector  the image plane b. However, in
the plane u  100 system  may also be disposed in said exit  of the exit
pupil the ordersare more orless pupil itself.              .
separated. Fig 7 shows the situation in said Fig. 4 shows the detection
system 14 in  plane.       - top plan view (a section at the line 4' 4' in
. The circle 30 in Fig. 7 represents the exit 40  Fig. 3). The system
consists of four pupil, the circles 31 and 32 representing the  105
radiation sensitive detectors 15, 16, 17 and  cross-sections at the
location  of the exit  - 18. To show the positions of said detectors  pupil
of the + and the -1 order beam relative to the track  structure, the
respectively. The positions of the circles 31 projection 2' of a track
which is being read  and 32 in the plane of the exit pupil are .45  is
drawn on the information detection  determined by the period of the
grating. 110 system.    .                              The angle a between
the chief rays of the By rotating the record carrier I about an
first-order beams and the chief ray of the axis 8 and by radially moving
the optical zero-order beam is given by: sin [err], p reading system and
the the record carrier  being the grating period and A the' 50  relative to
one another, signals which. wavelength of the radiation ofthe beam c. 115
represent the  stored- information  are  At decreasing grating period the
diffraction obtained'at the outputs of the detectors 15, angle a increases
(compare the. dotted 16, 17 and 18.                           circles 31'
and 32'). At increasing grating . Fig. 5 shows how said signals can be
period the +1 and -1 order beams will      . 55  processed. The output
signals of the  overlap each other increasingly. By  120 detectors 15 and
16 are applied to a  disposing a separate detector (33 and 34 in summing
device 20, and the output signals  Fig. 7) in the left and right pupil
half, the + 1 of the detector 17 and 18 to a summing  and -1 order beams
can be detected device 21. The signals supplied by said  separately by
measuring their effect on the 



60  summing  devices are applied to  a  zero-order beam.
125 differential amplifier 24 at whose output a    The track-shaped
infomation structure of signal [err] appears, which represents the  the
record carrier may be considered as a information contained in the
undulation of grating. However, said grating has some the tracks. The
information contained in. special properties. First of all, the tracks 65
the variable spatial frequency of the areas  are not straight, but exhibit
an undulation. 130    5                                     1,530,812
5 Furthermore, the tracks are not continuous  reading the undulating track
the vectors p tracks, but consist of discrete .areas. Finally,  and [err]
will consequently rotate in opposite the tracks move relative to the
objective   directions. The vectors [err] and [err] correspond system. The
track-shaped information struc-  'to the (+ 1, +1) and (-1, -1)  order
beams. 5   ture with undulating tracks which consist of  These vectors also
rotate in opposite  70 discrete areas diffracts' the radiation used
directions during reading of the track. On for reading into a number of
differently account of symmetry the vectors [err] and [err] oriented
first-order beams, a number of  have directions opposite to those of the
differently oriented second-order beams-etc.,  vectors [err] and [err].
Starting from the initial 10   depending on the information stored. The
situation of Fig. 10a, the situation of Fig.  75 effect of the undulation
of a continuous track   10b will occur after the read spot has on the read
beam will now be discussed next.   moved in the direction of reading over a
Fig. 8 shows a small portion of a  distance equal to a quarter of the local
continuous track  2". The track  is tangential period. Fig. 10c represents
the 15  illuminated by a read spot of radiation S.  situation after the
read spot has moved in  80 During reading the read spot and the  the
direction of reading over a distance information track move relative to
each   equal to half the local tangential period, other in the direction of
the arrow 52. A   and Fig. 10d the situation after coverage-of tracking
system ensures that the read spot S   a distance equal to three quarters of
the 20  and the exit pupil of the objective are  local tangential period.
After a movement 85 always substantially centred at the dotted   of the
read spot over a distance equal to a line 51. Said dotted line represents
the   full local tangential period, the situation of average position of
the track centre taken   Fig. 10a is restored. over a great distance. Owing
to the       The components of the vectors [err] and [err] in undulation of
the track the radiation is  the direction of the vector [err] decrease  90
diffracted into inter alia the directions  from 0 (Fig. 10a) to a minimum
value (Fig. -                      indicated by the arrows p, q, r and s.
The   10b), become zero again (Fig. 10c) and beams diffracted in these
directions are of  subsequently become a maximum  (Fig. importance  in
reading the information   10d). For the components of the vectors [err] 30
contained -in the undulation.             and [err] in the direction of the
vector [err], the  95 The situation of Fig. 9 occurs in the plane
variation is the otherway round, viz. from 0 of the exit pupil. The central
circle 53  to a maximum, then to zero again and represents the size of the
exit pupil. The subsequently to a minimum. cross-sections of the (-1, +1),
(+1,-1), (+ 1,  'In the overlapping areas of the (-1, +1) 35      +1) and
(-1, -1) order beams at the  (+1, +1),(+1,-l)and(-l,-1)order beams 100
location of the exit pupil, which means are  with the (0, 0) order beam,
which areas are diffracted in the directions p, q, r and s of  shown
hatched in Fig. 9, there is alternately Fig. 8, are represented by the
circles 54, 55,  constructive and destructive interference, 56 and 57. Said
circles, with the centres  so that the intensities in said areas increase
40  p', q', r' and s' have the same radius as the   and decrease
alternately. The intensity 105 circle 53. The distance e in Fig. 9 is
variations, which are determined by the determined by [err]  being the
period of  variation of the undulation, and thus by the the track structure
in a direction transverse  information stored, can be detected with to the
direction of reading. Said period may the radiation-sensitive detectors 15,
16, 17 45  be assumed tobe constant.The distance f  and 18.(Fig. 9). The
intensity variations 110 in Fig. 9 is a function of [err]  being the the
resulting  from  the diffraction  in the period of the undulation in the
direction of  directions p and rare mutually in phase and - reading.
'          in phase opposition with the intensity Figs. 10a, 10b, 10c and
10d show the   variations as a result of the diffraction in -   50
variation of the phases of the various first-  the directions q and s. The
signals supplied 115 order beams relative to the zero-order  by the
detectors 15 'and 16 are added and - beam. The electric field vector [err]
of the  those supplied by the detectors 17 and 18 zero order beam (0, 0) as
well as those of the   are also added. Each of these sum signals first
order beams rotate with the velocity of  exhibits a variation  in time
which 55  light. For a certain point in a track the ([err],  corresponds to
to the spatial variation of 120 +1) order beams has a phase vector p which
the undulation of the tracks; however, said 



makes a certain angle with the vector [err].   signals are  [err]
phase-shifted. By The (+ 1, - 1) order beam has a phase vector  subtracting
these sum signals from  each [err] at the same angle with the vector [err]
as  other an information signal [err] of double 60   the phase vector
[err]. When the information   amplitude can be obtained.              125
track moves relative to the read spot. As is    For reading the information
contained in indicated in Fig. 8, the phase angle of the  the undulation of
the tracks, it is possible to order which is diffracted to the right will
replace the two detectors 15 and 16 by one increase and that of the order
which is  detector with the same surface area as the 65   diffracted to the
left will decrease. When  two detectors 15 and 16. The same applies 130
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6 to the detectors 17 and 18. However, the  [err] with the phase vector
[err]. For the four detectors  are  needed  for  method of reading
illustrated in Fig. 5, simultaneously  reading the  information  however,
the difference in optical contained in the spatial frequency of the
pathlength may vary around the value of a 5     areas.                  .
quarter wavelength over a fairly wide  70 The positions of the centres p',
q', r' and  range, without the amplitude of the s' in Fig. 9 are determined
by the period of  detected signal becoming too small. Fig. 12 the track
structure in the longitudinal  shows the amplitude of the detected signal
direction of the tracks. At increasing spatial  Si as a function of the
difference w in 10   frequencies of the information on.' the  optical
pathlength caused by the undulating 75 record carrier, in other words at
decreasing  tracks. This reveals that for differences in localperiods ofthe
undulation, the centres  pathlength between one eighth of a p', q',  r' and
s' willmove outwards relative  wavelength  and three eighths of a to the
central circle 53, so that the  wavelength satisfactory reading is possible
. 15. overlapping areas of the circles 54, 55, 56  of  the information
contained in the  80 and 57 with the circle 53 are reduced. The
undulation. However, the said method of extent to which the first-order
beams reading cannot be employed when the interfere  with the zero-order
beam then  tracks cause a. difference in optical becomes  smaller.  This
means that  the  pathlength  of approximately  0 or 20   magnitudes of the
signals supplied by  the  approximately half a wavelength in the read  85
detectors 15, 16, 17 and 18 decrease at  beam. higher spatial frequencies
of the           Figs. 11a and 11b show two phase vector information on the
record carrier.      diagrams which apply to the last case. Fig. In the
case decribed above in which the  II a gives the initial - situation  which
25   information, for example, chrominance and  corresponds to Fig. 10a,
whilst Fig. 11b   90 sound information, is contained in  the   represents
the situation after the read spot variable period of the   undulation, the
has moved over the track to be read by a electric signal S, will have a
constant  distance equal to a quarter of the local amplitude and a varying
freqency. The   undulation period. The sum of the vectors 30  information
may  also be recorded  in an  [err] and [err]  and that of the vectors
[err] and [err]  95 amplitude modulation of the undulation. In  will vary
little in practice. By adding the that case the period [err] should no
longer  output signals of the detectors 15 and 16 a be considered a
constant and the centres [err],  signal is then obtained which varies very
q', r' and s' in Fig. 9 will alternately move  little in time, the
variation having a 35   up and down during reading of the record  frequency
which is twice the  frequency 100 carrier. In terms of the vector diagrams
of  which corresponds to the spatial frequency Figs. 10a, 10b, 10c and 10d
this means that  of the undulation of the tracks.  The electric the lengths
of the vectors vary with the  signal supplied by the summing device 20 in
information which  is 'stored, whilst the   Fig.  5 is then a distorted
signal of small 40   velocity with which  the vectors rotate   ampliyude.
The same applies to the electric  105 relative to the vector [err] is
constant. The  signal supplied by the summing device 21 of electric signal
S, then  has a constant  Fig. 5. frequency and a varying amplitude.
A record carrier in which the  tracks Figs. 10a, 10b, 10c and 10d are based
on   cause a difference in optical pathlength of 45  an  initial  situation
in which the angle  half a wavelength in the read beam can be 110 between
the vectors [err] and [err] and the   read if a signal processing is
employed vector [err]  is [err]. This is the case if the   other than that
illustrated in Fig. 5. The tracks of the information structure cause  a
output signals of the detectors 15 and 16 as difference in optical
pathlength in the read   well as those from the detectors 17 and 18 50
'beam, which is smaller than a quarter of the   are then subtracted from
one another. The 115 wavelength  of the radiation used for   difference
signals thus obtained are applied reading. There will then be a maximum
to a differential amplifier, at whose output phase shift between the
first-order beams  the information contained in the undulation 



and the zero-order beam, but in the vector  of the tracks is available.
However, the 55  diagrams the lengths of the phase vectors  information
signal thus obtained has an 120 are very small, so that the variations in
the  inferior signal-to-noise ratio compared with intensifies atthe
detectors are very small.  the signal  recovered from an information In
practice the most ideal situation is that in  structure whose tracks cause
a difference in which the tracks cause a  difference in  optical pathlength
of substantially a quarter 60  optical pathlength of a quarter of the
wavelength, with the aid of a signal 125 wavelength of the radiation used
for  processing method in accordance with Fig. reading. At the instants
indicated in Fig.  5. 10a, 10b, 10c and 10d two of the phase    Information
is not only contained in the vectors [err] and [err] then makeanangle of
undulation of the tracks, but also in the 65  [err] and the other two
vectors an angle of  spatial frequency of the areas. In Fig. 13 a 130    7
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straight track 2"' is shown, which consists  variations at the detectors 16
and 17 caused of areas 4 and intermediate areas 5. Said  by the radiation
of the (-1, 0) diffraction track is scanned by a read spot of radiation
order, are equal. The output signals of said S.  The transitions between
the areas and detectors are added, and the output signals 5 the
intermediate areas, and vice versa,  of the detectors 15 and 18 are also
added (in  70 k and l.                                   By .subtracting
the sum  signals thus Fig. 14 shows the situation in the plane of  obtained
from   each   other    (in the the  exit pupil of the objective system
owing  differential amplifier 25 in Fig. 5),. an 10   to this diffraction.
The circles 58 and 59  electric signal [err] is obtained, which signal 75
represent the cross-sections of the (-1, 0)  contains the luminance
information of the and (+1,0) order beams in said plane,  television
signal. which beams are diffracted in the directions  Figs. l5a,  15b, 15c
and 15d are again l and k of Fig. 13. The circles 58 and 59 with  based on
an initial situation in which the 15    the centres l' and k' have the same
radius as  angle between  the  vectors k and [err] and 'the 80 the circle
53,  which again represents 'the      vector [err] is [err], which means
that the exit pupil  of the objective system. The  areas cause a.
difference  in optical  path distance g is determined by [err], being
lengths in the read beam which is smaller the period of the areas.
than a quarter wavelength. However, as in 20     Fig. 15a shows the
corresponding phase      that  case the lengths of the vectors [err] and
[err] vector diagram for a specific point in the  are small relative to the
length of the vector track in the case that the areas cause a  [err], a
record carrier is preferred in practice difference in optical pathlength in
the  read    of which the areas cause a difference in beam.. which is
smaller than a quarter    optical pathlength of a quarter wavelength 25
wavelength. The vectors k and I make  an   in the read beam. In the
situation shown in   90 angle of [err] with the vector [err], which is
Fig. 15a the vectors [err] and [err] will  make an the electric field
vector of the (0, 0) order  angle of 1350 with the vector  [err]. Reading
beam. If the read spot moves over the track  of such  a record carrier is
possible both by in the direction 52, the phase  angle of the   subtracting
the sum signal of the detectors 30   beam which  is diffracted to the right
will  16 and 17 from that of the detectors 15 and 95 increase and that of
the beam  which is      18, or by adding the said sum signals. In
diffracted to the left will  decrease. When  other words, in Fig.  5 the
element 25 may the information contained in the areas is  be either a
differential amplifier or  a sum read, the vectors [err]  and [err] rotate
in opposite  amplifier. In this respect it is preferred to 35   directions
relative to the vector [err]. Figs.  add said sum signal, because this.
will also  100 15b, 15c and 15d show the positions of the   allow an
information structure with small vectors [err] and [err], each time after
the read  spatial frequencies of the. areas to be read. spot had advanced
by a distance  equal to a Also when the  areas cause adifference in quarter
of the local period of the  structure  optical pathlength other than a
quarter 40   of areas. The  component, in the direction   wavelength in
the. read beam, satisfactory  105 of the vector [err], of the vector [err]
decreases    reading  of the information (with good from   0 to a  minimum
value, then becomes  signal- noise ratio) contained in the areas is zero
again and  subsequently becomes a possible. For example, an information
maximum. For the component, in the  structure whose areas cause a
difference in 45   direction of the vector [err], of the  vector [err]
optical  pathlength  equal to half a     110 the variation is the reverse,
namely from   wavelength can be read satisfactorily, when zero to a
maximum, then to zero again and  the signals supplied by two detectors, one
subsequently  to  a minimum. The  of which is disposed in the left and the
other overlapping  areas of the (+ 1, 0) and (-1, 0)  in the right pupil
half, are added. The areas 50    order beams with the (0, 0) order beam
together form the undulating tracks. The 115 which are shown hatched in
Fig. 14,   difference  in optical pathlength to be 



alternately exhibit constructive  and  caused by the areas is therefore
determined destructive interference, so that the  by the difference in
optical pathlength to be intensities in  said areas increase  and  caused
by a continuous (undulating) track 55   decrease  alternately. The
intensity  for said track to be correctly readable. The  120 variations,
which are now determined by  difference  in optical pathlength caused by
the transitions between the areas 4 and the  the areas may therefore range
from one intermediate  areas 5, can be detected with  eighth of a
wavelength to three eighths of a the same detectors 15, 16, 17 and 18 which
wavelength if the signals supplied by the 60  are employed for reading the
information  detectors 15, 16, 17 and 18 are processed as  125 contained in
the undulation of the tracks.  illustrated in Fig. 5. Said difference in
The intensity variation owing to diffraction  optical' pathlength  may be
half a in the direction l is in phase opposition to  wavelength, if the
signals from  the the intensity variation which is caused by  detectors 15
and 16 are subtracted from 65  diffraction in the direction k. The
intensity  each other and those from the detectors 17  130    8
1,530,812                                    8 and 18 are subtracted from
each other, the  frequency components of the electric two difference
signals being subtracted to  signals supplied by the detectors which are
give the or each further carrier wave signal.  disposed in the upper and
lower pupil half a In the track portion of Fig. 2. The period [err]
control signal for correcting the position of 5  of the undulation is
approx. three times the  the read spot relative to a track to be read  70
period [err] of the areas. by composing the  can be derived. tracks of
areas, a sort of sampling of the    However, according to the invention it
is tracks  is employed. According to the  alternatively possible for the
detection of sampling theory the spatial frequency of the  errors in the
centring of the read spot, to 10  areas should be at least a factor of 2.7
times  modulate the high-frequency undulation of  75 greater than the
spatial  frequency of the  the tracks, which is determined by the
undulation  for a satisfactory  signal  television signal, with an
additional transmission. There must be an adequate  undulation of constant
period, which number of areas within an undulation  period is an order of
magnitude longer than 15  period,  in order to avoid too much  the average
period of the high frequeiicy  80 uncertainty  about the  phase of the
undulation.  The additional undulation undulation.
impresses an  additional modulation on the The various signal processing
means  detector signals, whose phase is a measure disclosed above may be
summarized as  of the centring of the read spot. From the 20  follows for a
difference in optical  signals supplied  by the detectors a low   85 path
length of either approximately  frequency  component may then  be one
quarter of a wavelength  or  extracted for correcting the centring of the .
one half of a wavelength. The first  read spot in known manner. The use of
an carrier wave signal  [err] is always   undulating track for centring
purposes has 25  obtained by adding the outputs of the  already  been
proposed  in Patent  90 detectors in the first and fourth quadrants,
Specification No. 1,489,757. by adding the outputs of the detectors in
The information structure can be written the second and third quadrants,
and by  in the record carrier body with the aid of a forming the sum or
difference of these two  previously proposed apparatus (in Patent 30  sum
signals. The or each further carrier  Specification No. 1,489,757). In
said. 95 wave signal [err] is always obtained by forming  apparatus an
intensity modulator, for a first resultant signal from the outputs of
example an electro-optic modulator, and a the detectors in the' first and
second  direction modulator, for example and quadrants, by forming  a
second resultant  acousto-optic modulator, are disposed in 35  signal from
the outputs of the detectors in  the path from a radiation source, which
100 the third and fourth quadrants, said  supplies a write beam, to a
radiation- resultant signals being either both the sum   sensitive surface
of a record carrier body. or both the difference of the outputs of the  The
electro-optic modulator divides  the relevant detectors, and by forming the
write beam of radiation into a multiplicity 40  difference of said
resultant signals.   of radiation pulses of a certain intensity  105 In the
description of the mechanism of  with the aid of which pulses the areas are
reading only first-order beams have been  recorded in a track. By means of
the mentioned. It is obvious that the grating-  acousto-optic modulator the
direction of shaped track structure will also diffract  the write beam of
radiation can be varied 45  radiation in higher orders. However, the
through small angles in accordance with a  110 radiation energy in the
higher diffraction  signal applied to said modulator, in such a orders is
comparatively low  and  the  way that undulating tracks can be written.
diffraction angles are such that only a small 



part of the higher order beams falls within    WHAT WE CLAIM  IS-- -
50  the pupil of the objective system. For the    1. Apparatus for reading
a record carrier described method of reading the higher  on which a
television signal is stored in an 115 order beams may therefore be
neglected.  information structure of trackwise arranged Furthermore, the
(0, +) and (0, -1)  areas alternating with intermediate areas, order beams,
which are diffracted in the  which structure is readable with optical 55
directions x and x' perpendicular  to the  radiation, and which areas
influence a read dotted line in Fig. 8, have been left out of  beam of
radiation in a different manner 120 consideration. Said beams do not
contain  than the intermediate areas, the television any television
information. However, they  signal comprising a first carrier wave which
may be used to control the centring of the  is frequency modulated with the
luminance 60  read spot relative to the track to be read.  information and
further carrier waves For this, use is made of the fact that  which  are
modulated  with  other 125 centring errors will occur with a frequency
information, for example chrominance and which is low relative to the
frequency of the  sound information,   characterized  in that track
undulation which is determined  by  the tracks of the information structure
65  the television signal. By comparing the low-  exhibit an undulation, as
defined herein.    8                                       1,530,812
8 and 18 are subtracted from each  other, the  frequency components of the
electric two difference signals being subtracted to  signals supplied by
the detectors which are give the or each further carrier wave signal.
disposed in the upper and lower pupil half a In the track portion of Fig.
2. The period [err]  control signal for correcting the position of 5  of
the undulation is approx. three times the  the read spot relative to a
track to be read  70 period [err] of the areas. by composing the  can be
derived. tracks of areas, a sort of sampling of the    However, according
to the invention it is tracks. is employed. According to the  alternatively
possible 'for the  detection of sampling theory the spatial frequency of
the  errors in the centring of the read spot, to '  10  areas should be at
least a factor of 2.7 times   modulate the high-frequency undulation of 75
greater than the spatial frequency of  the  the tracks, which is
determined by the undulation  for a satisfactory  signal  television
signal, with an  additional transmission. There must be..an adequate
undulation of constant  period, which number of areas  within an undulation
period is an order of magnitude longer than 15  period,' in order to avoid
too  much  the average period of the high frequency  80 uncertainty  about
the  phase of the  undulation.  The additional undulation undulation.
impresses an  additional modulation on the The various signal  processing
means  detector signals,  whose phase is a measure disclosed  above may be
summarized as   of the centring of the read spot. From the 20  follows for
a  difference in  optical  signals supplied  by the detectors a low   85
path length of either approximately  frequency  component may then  be one
quarter of a wavelength   or   extractedfor corecting the centring of the
one half of a wavelength. The first  read spot in known manner. The use of
an carrier  wave signal  [err] is always  undulating track for centring
purposes has - 25  obtained by adding the outputs of the - already  been
proposed  in  Patent  90 detectors in the first and fourth quadrants,
Specification No. 1,489,757. '       by adding the outputs of the detectors
in    The information structure can be written the second and third
quadrants, and by  in the record carrier body with the aid of a forming the
sum or difference of these two  previously proposed apparatus (in Patent 30
sum signals. The or each further carrier  Specification No. 1,489,757). In
said. 95 wave signal [err] is always obtained by forming  apparatus an
intensity modulator, for a first resultant signal from the outputs of
example an electro-optic modulator, and a the detectors: in the' first and
second  direction  modulator, for example and quadrants, by forming a
second resultant 'acousto-optic modulator, are disposed in 35  signal from
the outputs'of the detectors in  the path from a radiation source, which
100 the third and fourth quadrants, said  supplies a write beam, to a
radiation- resultant signals being either both the sum   sensitive surface
of a record carrier body. or both the difference of the outputs of the  The
electro-optic modulator divides the relevant detectors, and by forming the
write beam of radiation into a multiplicity 40  difference of said
resultant signals.       of radiation pulses of  a certain intensity  105
In the description of the mechanism of  with the aid of which pulses the
areas are reading only  first-order beams have been  recorded in a track.
By means of the mentioned. It is obvious that the grating-  acousto-optic
modulator the direction of shaped track structure will also diffract  the
write beam of radiation can be varied 45  radiation in higher orders.
However, the  through small angles in accordance with a  110 



radiation energy in the higher diffraction  signal applied to said
modulator, in such a orders is comparatively low  and   the  wa that
undulating tracks can be written. diffraction angles are such that only a
small part of the higher order beams falls within    WHAT  WE  CLAIM IS:-
50  the pupil ofthe objective system. For the    1. Apparatus for reading.
a record carrier described method of reading the higher  on which a
television signal is stored in an' 115 order beams may therefore  be
neglected.  information structure of trackwise arranged Furthermore, the
(0, +) and (0, -1)  areas alternating with intermediate areas, order beams,
which are diffracted in the  which structure  is  readable with optical 55
directions x and x' perpendicular to the  radiation, and which areas
influence a read dotted line in Fig. 8, have been left out of  beam of
radiation in a different manner 120 consideration. Said'beams do not
contain  than the intermediate areas, the television any television
information. However, they  signal comprising a first carrier wave which
may be used to control the centring of the  is frequency modulated with the
luminance 60  read spot relative to the track to  be read.  information and
further carrier waves For this, use is made of the fact that  which  are
modulated  with  other 125 centring errors will occur with a frequency
information, for example chrominance and which is low relative to the
frequency of the  sound information, characterized in  that track
undulation which is determined by  the tracks of the information structure
65  the television signal. By comparing the low-  exhibit an undulation, as
defined herein.    9                                          1,530,812
9 that only the first carrier wave is defined by  outputs of the detectors
in the first and the spatial frequency of the areas, whilst the  fourth
quadrants, means for adding the further carrier waves determine the
outputs of the detectors in the second and  35 variation of the undulation
of the tracks,  third quadrants, and means for forming said 5   the
undulation  amplitude being. first carrier wave signal as the sum  or
substantially smaller than the period of the  difference of these two
addition signals, and track structure in a direction transverse to  (b)
means for forming a first resultant signal the direction in which the
tracks are read,  from the outputs of the detectors in the first. 40 as
defined herein, and the frequency of the  and second quadrants, means for
forming a 10    first carrier wave being at least twice as  second
resultant signal from the outputs of high as the frequency of the further
carrier  the detectors in the third and fourth waves, -said apparatus
comprising  a  quadrants, said  resultant signals being radiation source
and an objective system for  either both the sum or both the difference  45
supplying radiation  from  the radiation  of the outputs of the relevant
detectors, and 15   soure, via the record carrier, to a radiation  means
for forming the or each. further sensitive  information  detection  system,
carrier wave signal from  the difference which  detection  system  converts
the  between said first and second resultant radiation which is supplied by
the radiation signals.                               50 source and
modulated by the information   2. Apparatus as claimed in claim  1, 20
structure into an electric signal, wherein  characterized in that both said
resultant the information detection system comprises  signals are the sum
of the outputs of the four radiation sensitive detectors which are
relevant detectors. disposed in the effective exit pupil of the    3.
Apparatus for reading a record carrier .55 objective system, and which
detectors are  substantially as herein described with 25   disposed in four
different quadrants of an reference to the accompanying drawings. imaginary
x-y co-ordinate system having its origin at the centre of the exit pupil,
C. A. CLARK, whose x-axis effectively extends in the           Chartered
Patent Agent, track direction and whose y-axis effectively
Berkshire House, 30   extends transverse to the track direction,
168 High Holborn, the information detection system  further
London WC1V 7AQ, comprising (a) means for adding  the  .    Agent for the
Applicants. Printed for Her Majesty's Stationery Office, by the Courier
Press, Leamington Spa, 1978 Published by The Patent Office, 25 Southampton
Buildings, London, WC2A 1AY, from which copies may be obtained.    


