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INFORMATION RECORD AND READING APPARATUS THEREFOR (71)    We PHILIPS
ELECTRONIC            Taking these cases as a group, "blocks" AND
ASSOCIATED   INDUSTRIES   and "areas" (or "spaces") are used as terms  50
LIMITED, af Abacus House, 33  Gutter  to indicate the two distinctive
states impressed Lane, London, E.C.2., a British Company,  on a record when
a stream  of information 5  do hereby declare the invention, for which  is
recorded on a track in a pulse modulated we pray that a patent may be
granted to us,  form. The start of a pulse is indicated by and the method
by which it is to be per-  the change from  the "area" state to the  55
formed, to be paicularly described in and  "block" state, the end of the
pulse by the by the following statement:-          reverse change. In
addition to differing from 10    This invention relates to apparatus for
read-  one another, the block -and area states may ing records provided
with parallel tracks in  differ from  a background state of the re- which
signals are recorded in optically read-  cord medium, but in most cases it
is suffi-  60 able form. (The term "parallel tracks" is cient for the area
state to be the same as to be understood  to mean a number of  the
background -state. For example, the area 15  tracks constituting.;the
successive turns of a  and background states may be transparecy spiral or a
number of separate circular con-  of the record medium, the block state
being centric tracks). The  signals may represent  opacity therein, or
differing optical -path  65 video and/or audio information, and  the
lengths or diffraction effects may be used apparatus comprises a source of
radiation and  e.g. as described in various examples in the 20  a
radiation-sensitive detection system for con-  above cases. Optical methods
of reading such verting a read began emitted by the radiation  pulse
modulated records produce radiation source and modulated by an optical(i.e.
optic-  changes which alternate between two distinc-  70 ally readable)
structure in the record into  tive amplitudes corresponding to the two an
electric signal. It has already been pro-  states. The recorded information
is contained 25 posed -to build up theoptical structure con-  in the
relative times of transition between taining the information in a track  as
a suc-  these two amplitudes and not in the values cession of marks of
differing lengths separated  of these amplitudes, which require only to  75
by spaces. The marks and spaces may be re-  be distinctive. corded in the
form of a phase structure    It has also been proposed, for example in 30
i e. a structure such that the phase of a  the aforesaid Patent
Specification 1,391,41 wavefront of the read beam incident on a
(co-pending Patent Application No. 9487/72), ,mark is changed with respect
to the phase that the reading of such -an -information 80 of another part
of the same wavefront inci-  structure be carried out by imaging onto the
dent on a space. Alternatively, the marks and  detection system parts
thereof having dimen- 35  spaces may form an amplitude structure i.e. sions
smaller than the smallest detail of one wherein a mark produces a change of
the structure. This may be achieved by pro- wavefront amplitude with
respect to the  jecting a,very small spot of radiation onto  85 amplitude
produced by a space. the structure and imaging the irradiated The marks and
spaces will hereinafer be  part of the optical structure on the detection
40  referred to as blocks and areas respectively  system. As an
alternative, a larger spot of and reference may be  made to various prior
radiation may be projected onto the struc- Specifications describing such
records and  ture, only a very small portion of the irradi-  90 optical
reading apparatus therefor. Notable  ated part of this structure being
imaged on examples  are  Patent  Specifications  No.  the detection system.
Because it is desirable 45  1,391541, No:  1,391,335, No. 1,428,731  for
the amount of information stored on the No. 1,429,882, No: i,435,922
(co-pending  record to be large, the dimensions of the - Application
21902/73) and No: 1,434,834  blocks and areas may be required to be very
95 (co-pending Application 21901/73).       small. For example , if a video
program or a  



2                            i              1,441,175
2 duration of 45 minutes is to be recorded  be defined in relation to
points in the cross- on a circular record or disc having an outer
sectional area at which the radiation intensity diameter of 30 cm, the
blocks and areas may  has decreased  to the [err]th part of the  65 be
required to have dimensions of the order  intensity at the centre of the
beam. In the 5   of 1 [err]m. This means that for the two  case of a
circular read beam the dimension aforementioned reading methods a lens hav-
of the cross-sectional area of the read beam ing a'. large numerical
aperture  has to be in the direction of width of the track it used, because
the smallest detail which a  equal to the diameter of the read beam.     70
* lens can image is proportional to the wave-    According to a second
aspect, the inven- 10  length of the radiation used divided by the  tion
provides apparatus for reading a record numerical aperture of -the lens.
The numerical  on which information is recorded in parallel aperture (N.A.)
of a lens having a circular  tracks (as herein defined) in optically
readable entrance pupil is given by:                  form as a succession
of blocks separated by  75 areas which apparatus is combined with such
[err]                   a record and comprises a source of optical
radiation and a radiation-sensitive detection system for converting a read
beam emitted 15  where [err] is one half of the angle subtended  by the
radiation source and modulated by  80 by the entrance pupil diameter at the
ob-  the record into an electric signal, wherein ject.
the dimension of the cross-sectional area (as A lens having a large
numerical aperture  herein defined) of the read beam in the direc- is
expensive. In addition,  cause the depth  tion of width of a track at the
location 20  of focus of a lens is proportional to the  of the recorded
information is greater than  85 wavelength of the light employed divided by
the width of the track and smaller than the the square of the numerical
perture, such a  sum of the track width plus twice the width lens will have
a small depth of focus.         of informationless lands between the
tracks, It is an object of the invention to provide  the said beam
dimension being chosen in 25  optical record playback apparatus which does
relation to the width of the track so that 90 no      requite the use of a
lens having a large  approximately half of the energy of the read numerical
aperture. Apparatus according to  beam falls on a block when the read beam
the invention moreover is eminently suitable  is centred on the block, and
wherein the for reading a record in which the informa-  path of the
radiation from  the record to 30  tion is stored in the form of a phase
struc-  the detection system  has inserted in it a  95 ture. In addition,
the apparatus may be re-  limiting aperture arranged to cause a part of
latively simple and cheap and  does not re-  the radiation diffracted by a
block on' the quire the expensive and complicated phase  record to fall
outside said limiting aperture contrast  arrangements  or  interferometric
and hence outside the detection system  so 35  arrangements used in some
known apparatus.  that said detection system receives differing  100
According to a first aspect, the invention  amounts of beam radiation
depending on the provides apparatus for reading a record on  presence or
absence of a block. which  information  is recorded  in parallel   In
apparatus according to the invention the tracks (as herein defined) in
optically read-  imaging system  is used in a manner dif- 40  able form
which apparatus is combined with  ferent from  that commonly used hitherto.
105 such a record and              a source 'of  Whereas in known read
apparatus a lens optical radiation and radiation-sensitive de-  having the
highest possible resolving power is tection system  for converting a read
beam   used, in apparatus according to the invention emitted by the
radiation source and modulated  a lens of lower resolving power can
intention- 45  by the record into an electric signal, where-  ally be
chosen.                  '        110 in the dimension of the
cross-sectional area    Apparatus according to the invention may (as herein
defined) of the read beam in the  advantageously be used for reading a
reflect- direction of width of a track  t the location  ing record. For
this purpose such apparatus of recorded information is greater than the
preferably has its limiting  aperture  also 50  width of the track and
smaller than the sum   arranged in the path of the radiation from  115 of
the track width plus twice the width of  the radiation source to the
record. The term 'informationless lands between the tracks, and
"reflecting record" is to be understood to wherein the path of the
radiation from the  mean a record in which the information is record to the
detection system has inserted  recorded in a reflecting structure, e.g. as
des- 55  in it a limiting aperture arranged to cause a  cribed  in  the
said Patent Specification  120 



variable part of the radiation diffracted by,  1,391,541 (co-pending Patent
Application No. and in accordance with, the information on  9487/72) and in
(co-pending Application: the record to fall outside said limiting aper-
41114/73). ture and hence outside the detection system.   An embodiment of
the invention will now  - 60    The energy in the beam  will, in general,
be described, by way of example, with refer- 125 be distributed
non-uniformly and the said  ence to the accompanying diagrammatic draw-
area of the read beam is to. be   derstood to  ings, in which:    3
1,441,175                                         3 Figure 1 illustrates
the principle of the  3. The tracks may be arranged so as to be invention,
concentric about the centre of the record. Figure 2 shows part of the
optical structure Alternatively they may be the turns of a - of a record to
be read, and                 continuous spiral provided on the record. The
65 5    Figure 3 shows apparatus according to the  lengths of the blocks
and of the areas between invention for reading a reflecting record.    'the
blocks are determined by the information As is shown in Figute 1, a lens L1
when  stored in the tracks. irradiated by a parallel beam B will concen-
A  beam  of radiation (for example the trate this beam into a small spot of
radiation  beam B of Figure 1) forms a spot of radiation  70 10 V1 in the
back focal plane of the lens. The  V  on the optical structure. Movement of
the minimum, diffraction-limited, dimension of  record in the direction
indicated by an arrow the spot of radiation is determined by the  4 causes
the radiation beam to be modulated wavelength of the radiation employed and
in accordance with the sequence of blocks and by the lens itself. When the
beam B fills  areas in a track. The diameter d of the spot  75 15  the
entire entrance pupil of the lens, the  of light V1 is greater than the
width of the minimum dimension of the spot of radiation  tracks 2, but
smaller than the sum  of the is given by
track width plus twice the width of the in- formationless intermediate
stripes 3. The numerical aperture of the lens which  80 [err]
is to form  an image of the record on the detection system is chosen so
that this lens can no longer image the narrow blocks b. where [err] is the
wavelength of the radiation  Thus the detector D (Figure 1) will receive 20
employed and N.A. is the numerical aperture  radiation as long as the spot
of radiation is 85 of the lens, whilst C is a constant of the  projected
onto an area of the record lying order of 1 which is determined by the
outside any block [err]. When a radiation spot is intensity distribution
across the read beam. ' projected onto a block [err], a finer structure
Conversely, a lens L2 having a N.A. equal is involved and a comparatively
large amount 25  to that of the lens L1 is capable of imaging  of radiation
is deflected or diffracted outside  90 a detail the dimensions of which are
equal to  the entrance pupil of the lens L2. In this those of V1. A detail
V2 situated at the  case little radiation impinges on the detector,
location of V1 and having dimensions smaller  and the output signal from
said detector is than those of V1, however, cannot be imaged  low or
substantially zero. 30  by the lens L2. This is due to -the wave    As will
be explained later in greater detail, 95 nature of the radiation.
Irradiation of a small the information may be stored in the record detail
V2 gives rise to diffraction radiation.  in the form  of an amplitude
structure, the The lens L2 can only form a faithful image  blocks being
coplanar with the surface of the of this detail if this diffraction
radiation is  record. In this embodiment the blocks may 35  transmitted
through the entrance pupil of the  be radiation-absorbing while the
remainder of 100 lens. If, as shown in Figure 1, the detail  the record is
either radiation-transmitting V2 is so small that the diffracted radiation
or  radiation-reflecting.  Alternatively,  the largely falls outside the
entrance pupil of  plane of the blocks may be slightly spaced the lens (see
beams B' in Figure 1), the lens  from  the surface of the remainder of the
40  can no longer form a faithful image of the  record. An example of such
a phase structure  105 detail V2. A detector D then receives only  is a
reflecting record in which pits have been very little radiation from V2.
pressed at the locations of the blocks, which In  accordance  with  the
invention  an  pits lie at a distance of [err] beneath the arrangement as
shown in Figure 1 may be  surface of the record. The pits need not 45 used
for reading a record by transmission of  have straight walls i.e. walls
normal to the 110 the beam. For this purpose the record is  face of. the
record.In fact a record in which 



positioned so that the track to be read lies  the surface merges gradually
into the bottom in the plane of the detail V2. The record  of each pit can
also be read by means of is moved so that the successive parts of the
apparatus according to the invention. 50  track sequentially appear at the
location of    Figure 3 shows apparatus in accordance 115 V2.
'        with the invention for reading a reflecting Figure 2 shows part of
the optical structure  information structure. A beam of radiation B of a
record to be read, in this case a circular  incident on lens L is focussed
into a spot record or disc 1. A plurality of blocks b are  of radiation V1
on a circular record which 55  arranged on tracks 2 on the record.A beam
can rotate about an axis 7. The record re- 120 of radiation incident on the
record is in-  flects the radiation back to the lens L. As fluenced by the
blocks in a manner differing  1ong as the spot of radiation V1 is not pro-
from the influence of the remainder of the  jected onto a pit, the
reflected radiation will record i.e. the plane surface combining the  pass
through the lens L and be' reflected by 60  areas g (situated between the
blocks) and the  a beam-splitting prism 8 to a radiation-sensi- 125
informationless intermediate stripes or lands  tive detector D. This will
cause a signal to    4
1,441,175                                             4 ppear at the output
of this detector. As soon a diameter of 2.1 [err]. The track pitch of the
as the radiation spot is projected onto a-pit,  optical structure of the
record in the radial reflected radiation will be diffracted so as to
direction was  1:8 [err], and  the smallest fall outside the pupil of the
lens L. In this  dimension in the track was 0.9 [err]. 5   case the
detector D  receives little radiation  Although the embodiment has been
des-  70 and only a very small signal appears at the  cribed with
reference-to a circular disc-shaped output of this detector. In this
apparatus the  record, apparatus according to the invention functions of
the leases   L1 and L2 shown  is not only suitable for reading such records
in Figure 1 are fulfilled   by a single lens   Other records, for example
records of tape 10L.                                                form,
can also be read by means of the appa-  75 Apparatus according  to the
invention is  ratus described.           - particularly suited for reading
a phase struc- ture as mentioned hereinbefore. As explained      WHAT WE
CLAIM  IS: - in  the   aforesaid  Patent  Specification    1. Apparatus for
reading a record on.which 15  1,391,541, a phase structure can be made to
information is recorded in parallel tracks (as introduce in various ways a
difference in  herein defined) in optically readable form   80 beam  path
length as between a block and  which apparatus is combined with such  a any
other part of ,the record said difference  record and comprises a source of
optical radia- being substantially [err] or  an odd multiple  tion and a
radiation-sensitive detection sys- 20  of A/2. In a preferred  xample
applied to  tem for converting a read beam  emitted by a reflective record
this is  achieved by spacing  the radiation source and modulated by the  85
the bottoms of the pits    a distance of [err]  record into an electric
signal, wherein the below  the reflective surface of the record. dimension
of the cross-sectional area  (as Applying this in conjunction with a
suitable  herein defined) of the read beam in the direc- 25  choice of the
diameter of the read beam rela-  tion of width of a track at the location
of tive to the width of the blocks enables de-  the recorded information is
greater than the  90 structive interference to   cur between the  width of
the track and smaller than the sum amount of radiation retured by the
bottom   of the track  width plus twice the width of of the pit and that
returned by the sur-  informationless lands between the tracks,and 30
rounding areas. If the energies of these two  wherein the path of the
radiation from  the amounts are comparable radiation returning  -record
tothe detection system  has inserted  95 towards the limiting aperture will
be reduced.  in it a limiting aperture arranged to cause a However, in  the
preferred case the said  variable part of the radiation diffracted by,
energies are substantially  equal and this per-  and in -accordance with,
the information on 35  mits substantially the elimination of radiation  the
record to fall outside said limiting aper- returning to the limiting
erture and .a con-  ture and hence outside the detection system. 100
sequent increase in signal amplitude at the    2. Apparatus as claimed in
Claim 1 where- detector D.                                   in the record
is reflective and the limiting The read beam B is  supplied by a laser a
aperture is also inserted in the path of the 40  source 5.To prevent
radiation reflected at radiation  from  the radiation  source to -the the
record from entering the laser cavity, the  record.
105 beam-splitting prim 8 may be constructed as       3. Apparatus for
reading  a -record  on 



a polarization-splitting prism.For example, it  which  information  is
recorded  in  parallel may transmit only radiation having a plane  tracks
(as herein defined) in optically read- 45  of polarization parallel    the
plane of the  able form as a succession of blocks separated drawing whilst
-reflecting radiation having a  by areas which apparatus is combined  ith
110 plane of polarization at right angles to the  such a record and
comprises a source of opti- plane of the drawing.   A [err]  plate 6   is
cal radiation and a radiation-sensitive detec- arranged in diagonal
orientation between the  tion system for convertng a read beam emit- 50
lens L ad the record 1. This ensures that  ted by the radiation source and
modulated by .the plane of polarization  f the radiation re-  the record
into an electric signal, wherein the  115 flected to the prism  is rotated
through [err]  dimension of the cross-sectional area (as here- so that this
radiation  is reflected  by the  in defined) of the read beam in the
direction prism.                                       of width of a track
at the location of recorded 55    Hereinbefore a  lens  having  a limited
information is greater than the width of the numerical aperture  has been
considered.  track and smaller than the sum of-the..track  120 Obviously,
as an alternative the lens may be  width plus twice the width  of
information preceded by a separate  aperture stop and  lands -between  the
tracks, the said -beam -have a larger numerical aperture if this is
dimension being chosen in relation to the 60  desired.
width of the track so that approximately half In a practical embodiment of
the invention  of the read beam falls on a  125 a lens having a focal
distance of 8 mm and a  block when the read beam  is centred on N.A. of 0.4
was irradiate by a laser beam  the block,   and wherein the path of the
radia- -emitted  by a helium-neon  laser ([err]=6328  tion from the record
to the detection system 65  A.U;) which has a Gaussian distribution with
has  inserted  in  it a  limiting aperture    4
1,441,175                                          4 appear at the output
of this detector. As soon  a diameter of 2.1 [err]. The track pitch of the
as the radiation spot is projected onto a pit,  optical structure of the
record in the radial reflected radiation will be diffracted so as to
direction  was 1.8 [err] and  the smallest fall outside the pupil of the
lens L. In this dimension in the track was 0.9 [err]. 5   case the detector
D receives little radiation    Although the embodiment has been des-  70
and only a very small signal appears at the  cribed with reference to a
circular disc-shaped output of this detector. In this apparatus the
record, apparatus according to the invention functions of the lenses L1 and
L2 shown  is not only suitable for reading such records. in Figure 1 are
fulfilled by a single lens  Other records, for example records of tape 10
L.                                           form, can also be read by
means of the appa-  75 Apparatus according to the invention is  ratus
described. particularly suited for reading a phase struc- ture as mentioned
hereinbefore. As explained    WHAT WE CLAIM  IS: - in  the   aforesaid
Patent  Specification    1. Apparatus for reading a record on which 15
1,391,541, a phase structure can be made to  information is recorded in
parallel tracks (as introduce in various ways a difference in  herein
defined) in optically readable form  80 beam  path length as between a
block and  which apparatus is combined with such a any other part of the
record said difference  record and comprises a source of optical radia-
being substantially [err]/2 or an odd multiple  tion and a
radiation-sensitive detection sys- 20  of [err]/2. In a preferred example
applied to  tem for converting a read beam emitted by a reflective record
this is achieved by spacing  the radiation source and modulated by the  85
the bottoms of the pits by a distance of [err]/4  record into an electric
signal, wherein the below the reflective surface of the record.  dimension
of the cross-sectional area  (as Applying this in conjunction with a
suitable  herein defined) of the read beam in the direc- 25  choice of the
diameter of the read beam rela-  tion of width of a track at the location
of tive to the width of the blocks enables de-  the recorded information is
greater than the  90 structive interference to occur between the  width of
the track and smaller than the sum amount of radiation returned by the
bottom   of the track width plus twice the width of of the pit and that
returned by the sur-  informationless lands between the tracks, and 30
rounding areas. If the energies of these two  wherein the path of the
radiation from the amounts are comparable radiation returning  record to
the detection system has inserted  95 towards the limiting aperture will be
reduced.  in it a limiting aperture arranged to cause a However, in the
preferred  case the said  variable part of the radiation diffracted by,
energies are substantially equal and this per-  and in accordance with, the
information on 



35  mits substantially the elimination of radiation  the record to fall
outside said limiting aper- returning to the limiting aperture and a con-
ture and hence outside the detection system. 100 sequent increase in signal
amplitude at the    2. Apparatus as claimed in Claim 1 where- detector D.
in the record is reflective and the limiting The read beam  B is supplied
by a laser  aperture is also inserted in the path of the 40  source 5. To
prevent radiation reflected at  radiation from  the radiation source to the
the record from entering the laser cavity, the  record.
105 beam-splitting prim 8 may be constructed as    3. Apparatus for reading
a record on a polarization-splitting prism. For example, it  which
information is recorded in parallel may transmit only radiation having a
plane  tracks (as herein defined) in optically read- 45  of polarization
parallel to the plane of the  able form as a succession of blocks separated
drawing whilst reflecting radiation having a  by areas which apparatus is
combined with  110 plane of polarization at right angles to the  such a
record and comprises a source of opti- plane of the drawing. A  [err]/4
plate 6 is  cal radiation and a radiation-sensitive detec- arranged in
diagonal orientation between the  tion system for converting a read beam
emit- 50  lens L and the record 1. This ensures that  ted by the radiation
source and modulated by the plane of polarization of the radiation re-  the
record into an electric signal, wherein the 115 flected to the prism  is
rotated through [err]  dimension of the cross-sectional area (as here- so
that this radiation is reflected by the  in defined) of the read beam in
the direction prism.                                       of width of a
track at the location of recorded 55    Hereinbefore  a  lens  having  a
limited  information is greater than the width of the numerical aperture
has  been  considered.  track and smaller than the sum of the track 120
Obviously, as an alternative the lens may be  width plus twice the width of
information preceded by a separate aperture stop and  lands between the
tracks, the said beam have a larger numerical aperture if this is
dimension being chosen in relation to the 60  desired.
width of the track so that approximately half In a practical embodiment of
the invention  of the energy of the read beam  falls on a 125 a lens having
a focal distance of 8 mm and a  block when the read beam  is centred on
N.A. of 0.4 was irradiated by a laser beam  the block, and wherein the path
of the radia- emitted by a helium-neon laser ([err]=6328  tion from the
record to the detection system 65  A.U.) which has a Gaussian distribution
with  has  inserted  in  it a limiting  aperture    5
1,441,175                                          5 arranged to cause a
part of the radiation dif-  3 to 5 wherein the limiting aperture is also
fracted by a block on the record to fall out-  inserted in the path of the
radiation from side said limiting aperture and hence outside  the radiation
source to the record.      20 the detection system  so that said detection
7. Apparatus as claimed in any of the 5  system receives differing amounts
of beam   preceding claims wherein the axis of the read radiation depending
on the presence or ab-  beam is normal to the record. once of a block.
8. Apparatus as claimed in any preceding 4. Apparatus as claimed in Claim 3
where-  claim wherein the record is a disc.        25 in the optical path
length imposed on part    9. Apparatus substantially  as described 10  of
the read beam by the block differs from   with reference to the
accompanying drawings. the optical path length imposed on the re- mainder
of the read beam by adjacent areas                C. A. CLARK, by an odd
number of half wavelengths of the          Chartered Patent Agent, read
beam radiation.                                      Century House, 15
S. Apparatus as claimed in Claim  3 or                 Shaftesbury Avenue,
Claim 4 wherein the record is reflective.                London W.C.2., 6.
Apparatus as claimed in any of Claims          Agent for the Applicants.
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