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GB2031 214 B       1 SPECIFICATION Optically readable record carrier 5 The
invention relates to a record carrier in which information is stored in a
radiation-reflecting information  5 structure which is readable with an
optical radiation beam and which comprises trackwise arranged information
areas which, in the track direction and transverse to the track direction,
are spaced from each other by intermediate areas, the surfaces of the
information areas being disposed substantially in a first plane, the
surfaces of the intermediate areas substantially in a second plane, and the
distance between the 10 first and the second plane being substantially
constant over the entire record carrier.        10 In the case of a round
disk-shaped record carrier the information tracks may comprise a multitude
of concentric tracks, but alternatively a multitude of quasi-concentric and
contiguous tracks which together constitute a spiral track. United States
Patent Specification No. 4,041,530 describes such a record carrier as a
medium for the 15 dissemination of a colour television programme. The
information structure is read with a radiation beam,    15 which is
focussed to a read spot of the order of magnitude of the information areas
by an objective system. The objective system concentrates the read beam
which has been reflected and modulated by the information structure on a
radiation-sensitive detector. The information structure may be regarded as
an amplitude-weighted phase structure, which means that during reading of
said structure the phase difference 20 between the various portions of the
read beam coming from the record carrier varies depending on the part  20
of the information structure being read instantaneously. At the location of
the detector the various beam portions interfere with each other, so that
the intensity of the radiation received by the detector and thus the output
signal of the detectorvaries depending on the part of the information
structure being read instantaneously. 25  For a maximum modulation of the
output signal of the detector the distance between the surface of the  25
information areas and the surface of the intermediate areas should have a
specific value. In accordance with United States Patent Specification
no.4,041,530 this distance should be a quarter of the wavelength of the
read radiation. The part of the read radiation reflected by an information
area is then required to have a 1800 phase difference relative to the part
of the read radiation reflected by an intermediate area. The said phase 30
difference is the phase difference measured near the surface of the
information structure. This is on the  30 implicit assumption that the
information areas have perpendicular walls or, in other words, that the
angle of inclination of the walls is [ERR]. The angle of inclination of the
walls is defined as the acute angle between these walls and the normal to
the information-carrying surface of the record carrier. Recently it is
being recognized that for an optimum read-out of the information structure
it is not so much 35 the phase difference near the information structure,
but rather the so-called "phase depth" of this structure   35 which should
be approximately [ERR]. During read out of the information structure this
structure is illuminated with a read spot of the order of magnitude of the
information areas, and the information structure may be regarded as a
diffraction grating, which splits the read beam into a number of spectral
orders. To these orders a specific phase and amplitude may be attributed.
The "phase depth" is defined as 40 the difference between the zero spectral
order and the first spectral order phase.             40 The Applicant has
come to recognize that, apart from by said distance between the information
areas and the intermediate areas, phase depth is determined by: the
effective wavelength of the read beam relative to effective width of the
areas, orthe effective width of the tracks, 45  - the state of polarization
of the read beam, and                                           - 45 - the
angle of inclination of the walls of the areas. The effective wavelength is
the wavelength close to the information structure and outside the radiation
reflecting layer. If the information structure is covered with a
transparent protective layer, the effective wavelength is equal to the
wavelength in vacuum divided by the refractive index of the protective
layer. The 50 effective width of an area is the average width, i.e. if the
walls have a constant slope, the width at half the  50 depth of a pit or
the width at half the height of a hill. In practice it has been found that
for optically inscribing information in the so-called "master" in a well
controlled manner and for copying said master in a reproducible manner, an
angle of inclination should be adopted which substantially differs from 0.
55 Should the angle of inclination remain smaller than approximately [ERR],
the phase depth would vary little as 55 



a function of the angle of inclination, and a phase depth of [ERR] would
approximately correspond to the phase difference of [ERR] for steep walls
as defined in United States Patent Specification no.4,041,530. For angles
of inclination up from approximately 300, which are of practical
significance, the magnitude of the angle of inclination will have an
appreciable effect on the phase depth if the effective wavelength is of the
60 same order of magnitude or smaller than the effective width of the
areas. Generally, the said distance of V/4   60 between the surface of the
information areas and the surface of the intermediate areas will no longer
be optimum for these angles of inclination. The principal radiation source
which is now in use for reading a record carrier with an optical
information structure is the helium-neon gas laser having a wavelength, in
vacuum, of 633 nm. In addition, AlGaAs 65 semiconductor diode lasers with a
wavelength in the range of approximately 780 nm to approximately 860    65
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2 nm are more and more used for this read method. It is an object of the
present invention to provide a record carrier of which the walls of the
information structure have a considerable angle of inclination, which can
be read in an optimum manner with the aid of those types of radiation
sources which are used most frequently in practice. 5  The invention
provides a record carrier in which information is stored in a radiation
reflecting information    5 structure which is readable with an optical
radiation beam and which comprises substantially parallel information
tracks spaced laterally from one another, each track comprising a single
file of information areas which in the track direction and transverse to
the track direction are spaced from each other by intermediate areas, the
surfaces of the information areas being disposed substantially in a first
plane, the surfaces of the 10 intermediate areas being disposed
substantially in a second plane, the geometrical distance between the  10
first and the second planes being substantially constant over the entire
record carrier and having one value between [err] and [err] nanometers, N
being the refractive index of a transparent medium adjoining both the first
and the second planes and which is traversed by a read beam directed
towards the information structure and by said beam after it has been
reflected by said structure, and the angle of inclination in the lateral 15
direction between the walls of the information areas and a normal to the
record carrier having one value  15 between [err] and 65. If said record
carrier, which has a specific effective width of the areas, is intended to
be read with a radiation beam with a specific state of polarization whose
effective wavelength is smaller than the effective width of the areas, one
specific value of the angle of inclination is associated with one specific
value for the 20 geometrical distance in the range from [err] nm to [err]
nm; the geometrical distance increases as the angle of 20 inclination
increases. An example of this is a helium-neon laser for reading an
information structure in which the maximum width of an area is of the order
of 625 nm. In a record carrier in accordance with the invention which is
intended to be read with circularly polarized radiation having a wavelength
of the order of 633 nanometres, the angle of inclination is preferably of
the 25 order of 45-[err] and the geometrical distance of the order of [err]
nanometres.                25 This embodiment of the record carrier is also
extremely suitable to be read with a radiation beam produced by a
semiconductor diode laser of the AlGaAs type. At a value of the order of
625 nm for the maximum width of the areas the effective wavelength is then
greater than the effective width of the areas. The state of polarization of
the read beam then also determines the phase depth. However, the influence
of 30 the angle of inclination on the phase depth is then small: the angle
of inclination may then have an arbitrary  30 value between approximately
30 and 60, provided that the angle of inclination is constant over the
entire record carrier area. The values specified for the angles of
inclination apply to the radial transitions between the information areas
and the intermediate areas, or in more general terms to the transitions in
the direction transverse to 35 the track direction. The angle of
inclination of the transitions in the track direction are of the same order
of    35 magnitude. The value of [err] nm specified for the geometrical
distance in the case of reading with the radiation from an AlGaAs laser is
the most favourable value, if this radiation is polarized perpendicularly,
i.e. if the electric field vector is perpendicular to the longitudinal
direction of the information areas. However, the geometrical 40 distance
may vary between [ERR] nm and [ERR] nm, whilst maintaining a satisfactory
reading.     40 



The invention will now be described in more detail with reference to the
drawings. In the drawings: Figure 1 shows a part of the information
structure of a record carrier, Figure2 shows a part of a tangential
crosssection of a preferred embodiment of a record carrier in accordance
with the invention, 45  Figure 3 shows a part of a radial cross section of
a preferred embodiment of a record carrier in accordance  45 with the
invention, Figure 4 shows a known apparatus for reading a record carrier,
Figure 5 shows cross-sections of the zero-order subbeam and of two
first-order subbeams in the far field of information structure, 50  Figure
6 shows the variation of the angle of inclination as a function of the
developing time during  50 manufacture of the record carriers, and Figure 7
is a table giving some values for the angle of inclination and the
associated values of the optical distance and of the geometrical distance
between the first and the second plane. As is shown in Figure 1, the
information structure comprises a plurality of information areas 2 which
are 55 arranged in accordance with tracks 3. In the track direction or
tangential direction t, and in the radial direction 55 rthe areas 2 are
spaced from each other by intermediate areas 4. The intermediate areas 4
between the tracks 3 pass into each other and form continuous intermediate
strips 5. The areas 4 in the tracks 3 are integral with the intermediate
strips 5. The information areas 2 may comprise pits which are pressed into
the surface of the record carrier, or of hills which project from the
record carrier surface. In principle the distance 60 between the bottom of
the pits, or the top of the hills, and the surface of the record carrier is
constant, and so 60 isthe width of the information areas 2 atthe location
of the record carriersurface. Said distance and said width are independent
of the information stored in the structure. The information to be
disseminated by means of the record carrier is contained in the variation
of the structure of areas in the tangential direction only. If a colour
television programme is stored in the record 65 carrier, the luminance
signal may be encoded in the variation of the spatial frequency of the
information  65    3
GB 2 031214 B      3 areas 2 and the chrominance and sound signal in the
variation of the lengths of the areas 2. The record carrier may also
contain digital information. A specific combination of information areas 2
and intermediate areas 4 then represents a specific combination of digital
ones and zeros. The record carrier can be read with an apparatus which is
schematically shown in Figure 4. A 5 monochromatic and linearly polarized
beam 11 which is emitted by a gas laser 10, for example a  5 helium-neon
laser, is reflected to an objective system 14 by a mirror 13. In the path
of the radiation beam 11 an auxiliary lens 12 is included which ensures
that the pupil of the objective system 14 is filled. A diffraction limited
read spot V is then formed on the information structure. The information
structure is schematically represented by the tracks 3; the record carrier
is consequently shown in radial cross-section. 10  The information
structure may be disposed on that side of the record carrier which faces
the laser.  10 However, preferably, as is shown in Figure 4, the
information structure is disposed on that side of the record carrier which
is remote from the laser, so that reading is effected through the
transparent substrate 8 of the record carrier. The advantage of this is
that the information structure is then protected against fingerprints, dust
particles and scratches. 15 The read beam 11 is reflected by the
information structure and, as the record carrier is rotated by means of 15
a platter 16which isdriven bya motor 15, is modulated in accordance with
the sequence of the information areas 2 and the intermediate areas 4 in a
track being read. The modulated read beam again passes through the
objective system 14 and is reflected by the mirror 13. In order to separate
the modulated read beam from the unmodulated read beam the radiation path
preferably includes a polarization-sensitive splitter prism 17 20 and a
[ERR] plate 18, where [ERR], represents the wavelength of the read beam in
free space. The prism 17  20 transmits the beam 11 to the [ERR] plate 18,
which convertsthe linearly polarized radiation into circularly polarized
radiation which is incident on the information structure. The reflected
read beam again traverses the [ERR] plate 18, the circularly polarized
radiation being converted into linearly polarized radiation whose plane of
polarization is rotated through [ERR] relative to the radiation emitted by
the laser 10. As a result of this 25 the prism 17 will reflect the read
beam to the radiation-sensitive detector 19 during the second passage. At
25 



the output of this detector an electrical signal Si is produced which is
modulated in accordance with the information being read. The information
structure is illuminated with a read spot V, whose dimension is of the
order of magnitude of that of the information areas 2. The information
structure may be regarded as a diffraction grating which 30 splits the read
beam into a non-diffracted zero-order subbeam, a number of first-order
subbeams and a  30 number of subbeams of higher spectral orders. Mainly the
subbeams which are diffracted in the track direction are of significance
for reading, and of these beams mainly the subbeams which are diffracted in
the first orders. The numerical aperture of the objective system and the
wave length of the read beam are adapted to the information structure in
such a way that the higher order subbeams for the greater part fall 35
outside the pupil of the objective system and do not reach the detector.
Moreover, the amplitudes of the  35 higher-order subbeams are low relative
to the amplitudes of the zero-order subbeams and the first-order subbeams.
Figure 5 shows the cross-section in the plane of the exit pupil of the
objective system of the first-order subbeams, which have been diffracted in
the track direction. This circle also gives the cross-section of the 40
zero-order beam b(0,0). The circles 22 and 24 with the centres 23 and 25
respectively represent the  40 cross-section of the first-order subbeam
b(+1,0) and b(-1,0) respectively. The arrow 26 represents the track
direction. The distance between the centre 21 of the zero-order subbeam and
the centres 23 and 25 of the first order subbeams is determined by [ERR],
where p (see Figure 1) represents the spatial period of the areas 2 at the
location of the read spot V. 45  In the present description of the read
process it may be assumed that in the areas which are shown  45 hatched in
Figure 5 the first-order subbeams overlap the zero order subbeam and that
interference occurs. The phases of the first-order subbeams vary if the
read spot moves relative to an information track. As a result of this the
intensity of the total radiation passing through the exit pupil of the
objective system varies. When the centre of the read spot coincides with
the centre of an information area 2, there will be a specific 50 phase
difference [ERR], referred to as the phase depth, between a first-order
subbeam and the zero-order  50 subbeam. If the read spot moves to a
subsequent areas, the phase of the subbeam b(+ 1,0) increases by 2 a. It is
therefore correct to assume that when the read beam moves in the tangential
direction the phase of said subbeam varies with [ERR] t relative to the
zero-order subbeam. Herein [ERR] is a time frequency which is determined by
the spatial frequency of the information areas 2 and by the speed with
which the read spot 55 moves over a track. The phase 0 (+1,0) and 0 (-1,0)
of the subbeam b(+1,0) and of the subbeam b(- 1,0)    55 respectively
relative to the zero-order subbeam b(0,0) may be represented by: [ERR] =
[ERR] [ERR] = [ERR] 60
60 Forthe read method used here, as is indicated in Figure 4, the portions
of the first-order subbeams passing through the objective system are
combined with the zero-order subbeam on one detector 19. The time-dependent
output signal of this detector may then be represented by: 65  [ERR]
=[ERR],                                                       65    GB 2
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4 where A[ERR] decreases at decreasing value of [ERR]. The amplitude [ERR]
cos [ERR] of the signal [ERR] is now a maximum for a phase depth of [ERR] =
[ERR] rad. For the method of reading with a helium-neon laser beam as
illustrated in Figure 4, the information structure being illuminated with
circularly polarized radiation and the effective width of the information 5
areas 2 being greater than the effective wavelength, as follows the
calculations made by the Applicant and  5 confirmed by the experiments, the
phase depth is determined by the following parameters: - the wavelength in
free space [ERR] of the read beam, - the refractive index N of the
transparent medium which is disposed between the plane of the information
areas 2 and the plane of the intermediate areas 4, and which moreover
covers the information 10 structure,
10 - the geometrical distance between these planes, i.e. in the case of a
pit structure the geometrical pit depth, and 



- the angle of inclination [ERR] of the walls of the areas 2. For the
record carrier described, which is for example intended to disseminate a
television programme in 15 large quantities, it is important that the
information can be inscribed in a well-defined manner and that  15 starting
from an inscribed master a large number of copies, i.e. record carriers to
be played back by the consumer, can be manufactured. In practive these
requirements result in record carriers in which the walls of the areas 2
have an angle of inclination [ERR] which substantially deviates from [ERR].
As is described in the article "Laser beam recording of video master disks
in "Applied Optics" vol.17, No. 20 13, pages 2001 - 2006, the information
is recorded by exposing a photoresist layer provided on a substrate    20
with a laser beam whose intensity is modulated in accordance with the
information to be recorded. After recording the photoresist is developed,
resulting in a pit structure or a hill structure. The photoresist is then
completely removed at the location of the pits or between the hills, so
that the thickness of the photoresist layer determines the depth of the
pits or the height of the hills in the final record carrier. 25  The final
record carrier will have oblique walls, if only because of the intensity
distribution of the write  25 beam which is used. The developing process
also influences the wall steepness: the wall steepness increases according
as the developing time increases. In Figure 6 this is illustrated for a
structure of pits 33. In this Figure the substrate of the master is
designated 30 and 31 is an intermediate layer which ensures correct
adhesion of the photoresist layer 32 to the substrate. The dashed lines
34,35 and 36 respectively 30 represent the wall steepness in the case of
developing for a short time, a longer time and a still longer time   30
respectively. From the developed master so-called mother discs are made in
known manner, and from these in turn matrixes. By means of the matrixes a
large number of record carriers are made. In order to facilitate separation
of the copies from the matrix, the angle of inclination of the walls should
preferably be as large as 35 possible. Therefore, as a result of the method
of recording and copying, the angle of inclination should have  35 a
specific value, which is not zero degrees. In the manufacture of a record
carrier which is adapted to be read with a He-Ne beam or with a beam of
comparable wavelength, the effective width of the areas 2 being greater
than the effective wavelength, the negative effect on the phase depth of
the large angle of inclination, which in itself is desirable, is 40
compensated for by increasing the geometrical distance between the surface
of the information areas 2 and  40 the surface of intermediate areas 4, for
example by making the photoresist layer thicker. Figure 2 shows a small
part of a preferred embodiment of a record carrier in accordance with the
invention in tangential cross-section taken on the line 11-11' in Figure 1,
whilst Figure 3 shows a part of this record carrier in radial cross-section
taken on the line ll-ll' in Figure 1. During reading the record carrier is
illuminated from 45 the underside, the substrate 8 being used as an optical
protective layer. The information structure may be  45 covered with a layer
6 of a highly reflecting material, for example silver or aluminium or
titanium. Moreover, a protective layer 7 may be deposited on the layer 6,
which protects the information structure against mechanical damage such as
scratches. The inset of Figure 2 shows the angle of inclination [ERR] of
the walls 9. This angle of inclination is the result of 50 a compromise. It
has been found that the write process and the copying process are
reproducible in an  50 optimum manner, when the angle of inclination is of
the order of [ERR] to [ERR]. However, acceptable results can also be
obtained with angles of inclination in the range from 300 to 650. In Figure
3 the effective width, [ERR]; of the areas 2 is indicated. The effective
width, which is equal to the average width, is determined by the width w in
the plane of the intermediate areas 4, the angle of inclination 55 [ERR]
and the geometrical depth [ERR] of the pits in accordance with:
55 [ERR] = [ERR] For an embodiment of a record carrier for which w = 625
nm,[ERR] = [ERR] and d = 135 nm, this yields [ERR] = 490 60 nm.
60 It is possible that the width w is not the same over the entire record
carrier area, but that the width w at the inner area of the record carrier
is greater, for example 800 nm, than at the outer area, for example 500 nm.
The purpose of this track width variation is then, as is described in the
previous Patent Application PHN 7016, to ensure an optimum reading of both
the tracks in the centre and of the tracks [ERR] the periphery by means 65
of a read spot of constant dimension.
65    
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GB 2 031214 B      5 For a record carrier which is intended to be read with
a He-Ne beam or with a beam of comparable wavelength the optical depth
[ERR] of the pits, or the optical height of the hills, is always greater
than [ERR], whilst for the previously proposed record carriers always a
value of [ERR] was specified for this depth or height. The correct value of
the optical distance [ERR] is determined by the angle of inclination e of
the walls. In the 5 table of Figure 7 the associated values of the optical
distance [ERR] are given for a few values of the angle of  5 inclination
[ERR]. The geometrical distance [ERR] associated with an optical distance
[ERR] is given by: [ERR] = [ERR], where N is the refractive index of the
transparent material in the pits if the information areas 2 are pits, or of
the transparent material between the hills, if the areas are hills. If no
transparent protective layer is deposited on the information structure i.e.
if the structure is adjoined by air, N = 1, and the geometrical distance is
10 equal to the optical distance.
10 As an example the geometrical distances associated with the values
specified for the angle of inclination 0 are given in the extreme right
column of Figure 7 in the case that a record carrier in accordance with
Figures 2 and 3 with a substrate having a refractive index of 1.5 is read
with circularly polarized helium-neon radiation for which )., = 633 nm. 15
Recently semiconductor diode lasers are also used as a radiation source for
reading optical record carriers. 15 In particular diode lasers using the
materials aluminium, gallium and arsenic, which lasers emit a wavelength of
approximately 780 nm to approximately 860 nm, are suitable for this
purpose. When a AlGaAs diode laser is used, instead of the gas laser
assumed in Figure 4, no steps need be taken in order to prevent the
radiation which is reflected by the information structure from being fed
back to the laser. 20 On the contrary, during reading effective use can be
made of this feedback, as is described in United States   20 Patent
Specification No. 3,941,945. This means that in the read apparatus no
polarizing means, such as the [err] plate 18 and the prism 17 in Figure 4,
need be used. If the diode laser emits linearly polarized radiation the
information structure will be illuminated with linearly polarized radiation
without any further steps. If reading is effected with a diode laser of
longer wave-length the requirement that [err] should be greater 25 than
[err] is no longer met, unless the width wwere increased, which is not
advisable in view of the  25 information density. As soon as the effective
wave-length is equal to or greater than the effective width, the phenomena
occurring during reading of the information structure can no longer be
fully described with a scalar diffraction theory, but use will have to be
made of a vectorial diffraction theory. The influence of the state of
polarization of the read beam on the phase depth then becomes substantial.
When a perpendicularly 30 polarized read beam is used an elongate pit or a
elongate hill appears to be deeper or higher respectively    30 than when a
parallel polarized or circularly polarized read beam is used. This effect
is also valid for a read beam for which [err] < [err]. A perpendicularly or
parallel polarized read beam is to be understood to mean a read beam of
which the electric field vector, the E-vector, is respectively
perpendicular or parallel to the longitudinal direction of the pits or
hills. 35   The Applicant has discovered that the record carrier, which is
adapted to be read with He-Ne radiation,  35 with a geometrical pit depth,
or hill height, of [err] nm is also eminently suitable for reading with
perpendicularly polarized AlGaAs radiation. Surprisingly, it was found that
the influence of the angle of inclination on the phase depth is
comparatively small. For a geometrical pit depth of [err] nm the angle of
inclination may have one arbitrary value between approximately 30 and
approximately [err], without giving 40 rise to a significant deterioration
in the quality of the signal read. For the present values of the effective
40 wavelength and of the effective width of the pits, the read beam can no
longer discriminate between different angles of inclination. The value of
[err]nm for the geometrical distance between the surface of the information
areas and the surface of the intermediate areas is an optimum value.
Satisfactory reading of a record carrier is also 45 possible with such
polarized radiation when the geometrical distance is greater, for example,
approximately  45 [err] nm. A record carrier whose geometrical distance
approximates this upper limit need not be read with a perpendicularly
polarized read beam, but may also be read with a parallel polarized read
beam or a circularly polarized read beam. For any value of the geometrical
distance between [err] nm and [err] nm the angle of inclination [err] may
also have one arbitrary value between [err] and 60. 50   Circularly
polarized radiation in the wavelength range from 780nm. to 860nm. may also
be used, provided  50 that the angle of inclination is of the order of
[err] to 50 and the geometrical distance has one value between [err] nm.
and [err] nm. The invention has been described on the basis of a round
disk-shaped record carrier. However, the 



invention may also be used in conjunction with other record carriers such
as record carriers in the form of a 55 tape or cylindrical record carriers.
55 CLAIMS 1. A record carrier in which information is stored in a radiation
reflecting information structure which is 60 readable with an optical
radiation beam and which comprises substantially parallel information
tracks  60 spaced laterally from one another, each track comprising a
single file of information areas which in the track direction and tranverse
to the track direction are spaced from each other by intermediate areas,
the surfaces of the information areas being disposed substantially in a
first plane, the surfaces of the intermediate areas being disposed
substantially in a second plane, the geometrical distance between the first
and the second 65 planes being substantially constant over the entire
record carrier and having one value between 165/N and  65     GB 2031214 B
5 For a record carrier which is intended to be read with a He-Ne beam or
with a beam of comparable wavelength the optical depth do of the pits, or
the optical height of the hills, is always greater than [err], whilst for
the previously proposed record carriers always a value of A/4 was specified
for this depth or height. The correct value of the optical distance do is
determined by the angle of inclination [err] of the walls. In the 5 table
of Figure 7 the associated values of the optical distance do are given for
a few values of the angle of  5 inclination [err]. The geometrical distance
[err] associated with an optical distance do is given by: [err] = [err],
where N is the refractive index of the transparent material in the pits if
the information areas 2 are pits, or of the transparent material between
the hills, if the areas are hills. If no transparent protective layer is
deposited on the information structure i.e. if the structure is adjoined by
air, N = 1, and the geometrical distance is 10 equal to the optical
distance.
10 As an example the geometrical distances associated with the values
specified for the angle of inclination 0 are given in the extreme right
column of Figure 7 in the case that a record carrier in accordance with
Figures 2 and 3 with a substrate having a refractive index of 1.5 is read
with circularly polarized helium-neon radiation for which [err] = 633 nm.
15 Recently semiconductor diode lasers are also used as a radiation source
for reading optical record carriers. 15 In particular diode lasers using
the materials aluminium, gallium and arsenic, which lasers emit a
wavelength of approximately 780 nm to approximately 860 nm, are suitable
for this purpose. When a AlGaAs diode laser is used, instead of the gas
laser assumed in Figure 4, no steps need be taken in order to prevent the
radiation which is reflected by the information structure from being fed
back to the laser. 20 On the contrary, during reading effective use can be
made of this feedback, as is described in United States   20 Patent
Specification No. 3,941,945. This means that in the read apparatus no
polarizing means, such as the [err] plate 18 and the prism 17 in Figure 4,
need be used. If the diode laser emits linearly polarized radiation the
information structure will be illuminated with linearly polarized radiation
without any further steps. If reading is effected with a diode laser of
longer wave-length the requirement that [err] should be greater 25 than
[err] is no longer met, unless the width wwere increased, which is not
advisable in view of the  25 information density. As soon as the effective
wave-length is equal to or greater than the effective width, the phenomena
occurring during reading of the information structure can no longer be
fully described with a scalar diffraction theory, but use will have to be
made of a vectorial diffraction theory. The influence of the state of
polarization of the read beam on the phase depth then becomes substantial.
When a perpendicularly 30 polarized read beam is used an elongate pit or a
elongate hill appears to be deeper or higher respectively    30 than when a
parallel polarized or circularly polarized read beam is used. This effect
is also valid for a read beam for which [err] <[err]. A perpendicularly or
parallel polarized read beam is to be understood to mean a read beam of
which the electric field vector, the E-vector, is respectively
perpendicular or parallel to the longitudinal direction of the pits or
hills. 35   The Applicant has discovered that the record carrier, which is
adapted to be read with He-Ne radiation,  35 with a geometrical pit depth,
or hill height, of [err] nm is also eminently suitable for reading with
perpendicularly polarized AlGaAs radiation. Surprisingly, it was found that
the influence of the angle of inclination on the phase depth is
comparatively small. For a geometrical pit depth of 20YN nm the angle of
inclination may have one arbitrary value between approximately [err] and
approximately [err], without giving 



40 rise to a significant deterioration in the quality of the signal read.
For the present values of the effective  40 wavelength and of the effective
width of the pits, the read beam can no longer discriminate between
different angles of inclination. The value of [err] nm for the geometrical
distance between the surface of the information areas and the surface of
the intermediate areas is an optimum value. Satisfactory reading of a
record carrier is also 45 possible with such polarized radiation when the
geometrical distance is greater, for example, approximately  45 [err] nm. A
record carrier whose geometrical distance approximates this upper limit
need not be read with a perpendicularly polarized read beam, but may also
be read with a parallel polarized read beam or a circularly polarized read
beam. For any value of the geometrical distance between [err] nm and [err]
nm the angle of inclination 0 may also have one arbitrary value between
[err] and [err]. 50   Circularly polarized radiation in the wavelength
range from 780nm. to 860nm. may also be used, provided  50 that the angle
of inclination is of the order of [err] to [err] and the geometrical
distance has one value between [err] nm. and [err] nm. The invention has
been described on the basis of a round disk-shaped record carrier. However,
the invention may also be used in conjunction with other record carriers
such as record carriers in the form of a 55 tape or cylindrical record
carriers.                                                           55
CLAIMS 1. A record carrier in which information is stored in a radiation
reflecting information structure which is 60 readable with an optical
radiation beam and which comprises substantially parallel information
tracks  60 spaced laterally from one another, each track comprising a
single file of information areas which in the track direction and tranverse
to the track direction are spaced from each other by intermediate areas,
the surfaces of the information areas being disposed substantially in a
first plane, the surfaces of the intermediate areas being disposed
substantially in a second plane, the geometrical distance between the first
and the second 65 planes being substantially constant over the entire
record carrier and having one value between 165/N and  65    6     GB 2 031
214 B                                                               *C    L
M   S             6 [err] nanometers, N being the refractive index of a
transparent medium adjoining both the first and second planes and which is
traversed by a read beam directed towards the information structure and by
said beam after it has been reflected by said structure, and the angle of
inclination in the lateral direction between the walls of the information
areas and a normal to the record carrier having one value between [err] and
[err]. 5   2. A record carrier as claimed in Claim 1, adapted to be read
either with circularly polarized radiation  5 having a wavelength of the
order of 633 nm, or with linearly polarized radiation having a wavelength
in the range from 780 nm to 860 nm, and having a direction of polarization
perpendicular to the track direction, wherein the angle of inclination is
of the order of [err] to [err] and the geometrical distance of the order of
200M nanometres. 10   3. A record carrier as claimed in claim 1, adapted to
be read with circularly polarized radiation having a    10 wavelength in
the range from 780 nm to 860 nm, wherein the angle of inclination is of the
order of [ERR] to 50 and the geometrical distance has one value between
[ERR] nm. and [ERR] nm. 4. A record carrier as claimed in Claim 1, of the
round disk-shaped type, wherein starting from the periphery, the width of
the areas increases gradually and independently of the information. 15   5.
A record carriersubstantially as described with reference to Figures 1,2,3
and 7 of the accompanying   15 drawings. Printed for Her Majesty's
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