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The invention relates to an information storage system comprising an
optical record carrier having a stack of information layers alternating
with spacer layers, and      a device for scanning the information layers,
which device is provided with a radiation      source and focusing means
for selectively focusing a radiation beam from the radiation  5  source on
the separate information layers and a focus servosystem. The invention also
relates      to a device for scanning information layers of an optical
record carrier, and to an optical      record carrier having a plurality of
information layers.                         A multi-layer record carrier
comprises a stack of information layers      separated from one another by
spacer layers, in which each information layer may comprise 10 information.
The large information storage capacity of such a record carrier increases
its      convenience of use compared to single-layer record carriers and
reduces the price of the      medium per unit of information stored. Each
information layer can be scanned independently      of the other
information layers by means of a radiation beam. Dependent on the type of
record carrier, information can be written into an information layer during
scanning and/or 15  information already written can be  read or erased. The
information layers in a stack can be      scanned by means of a radiation
beam which is incident from one side on the record carrier.      For
scanning the separate information layers, the height, or axial position, of
the scanning      spot formed by the radiation beam is varied. The
information contents of the record carrier      may be further increased by
implementing the record carrier as a two-sided record carrier. 20  Then a
stack of information layers is present at both sides of the record carrier,
and each      stack can be scanned from a different side of the record
carrier. A stack of information      layers may be provided on a substrate
which should be transparent if the stack is scanned 



through the substrate.                         It is recommendable to
maximize the number of information layers in 25  order to render the
information contents of a record carrier as large as possible, thereby
reducing the cost per unit of information. However, the number of
information layers fitting      in a stack is limited by the maximum
thickness of the stack on the one hand and by the      required minimal
mutual distance of the information layers on the other hand. The minimum
mutual distance is determined by crosstalk of the information layers, i.e.
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signals generated from radiation coming from a layer to be scanned is
detrimentally     influenced by radiation coming from other information
layers. European Patent Application     no. 0 605 924 discloses an
information storage system in which the minimum distance     between
information layers is determined by the requirement of an acceptable
crosstalk 5  between information signals representing the information
stored in the information layers.     However, some systems of this type
have as a drawback that the tracking of the information     layers by the
scanning spot has turned out to be difficult.                         It
is, inter alia an object of the invention to provide an information
storage system which can scan the information layers properly and at the
same time has a 10  relatively low price.      According to a first aspect
of the invention, this object is achieved by an information storage
system as described in the opening paragraph and is characterized in that
the thickness of      each spacer layer is at least 1.5 times the
refractive index of the spacer layer multiplied by      the peak-to-peak
distance of the so-called S-curve of the focus servosystem. 15
The invention is based on the recognition that the extent of the influence
of crosstalk depends on the type of signal derived from the radiation
coming from the      information layer. Notably, crosstalk between servo
errorsignals may give rise to stringent      requirements for the minimum
distance. In a focus servosystem, with which the device keeps 



the scanning spot on the information layer to be scanned, the shape of the
S-curve, i.e. the 20  response curve of the focus servosystem as a function
of the distance between the scanning      spot and the information layer,
is influenced by a neighbouring information layer. This curve
generally has a positive and a negative extreme, while the zero crossing in
between is the      point towards which the servosystem controls the
position. In accordance with the invention,      the thickness of each
spacer layer in the stack must be at least 1.5 times the refractive index
25  n of the spacer layer multiplied by the peak-to-peak distance of the
S-curve of the focus       servosystem. A thickness below said minimum
value gives rise to a large crosstalk. The       minimum thickness of a
spacer layer is approximately 18 n [err]m for a focus servosystem with
a peak-to-peak distance of 12 [err]m. A special focus servosystem designed
for scanning multi-       layer record carriers has a peak-to-peak distance
of 8 [err]m, so that the minimum thickness of  30  the spacer layer is 12 n
[err]m. The minimum thickness of the spacer layer provides a record
carrier with a high information density, or a low cost per unit of
information, and       information layers that can properly be scanned.
In a preferred embodiment of the system, the thickness of the spacer layer
is smaller than 4 times the refractive index of the spacer layer multiplied
by the peak-to-peak             WO 96/06427
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distance of the S-curve of the focus servosystem. A greater thickness gives
an unnecessary      decrease of information density of the record carrier.
The thickness is preferably equal to      approximately twice the
refractive index of the spacer layer multiplied by the peak-to-peak
distance.  5                      A second aspect of the invention relates
to the maximum thickness of the      stack of information layers. European
Patent Application no. 0 517 491 discloses an      information storage
system comprising a device for reading information layers in a multi-
layer record carrier. The device is provided with an adjustable spherical
aberration      compensator for compensating the spherical aberration
incurred by the radiation beam of the 



10  device when it passes through the material of the record carrier. Since
the information layers      are located at different heights in the record
carrier, the device employs a specific setting of      the compensator for
each information layer. A drawback of this known information storage
system is that there should be a separate compensation for each information
layer. A      compensator which can realise this is complicated and
relatively expensive. The relatively 15 low cost of the record carrier per
unit of information is thus counteracted by a relatively      expensive
scanning device.                         According to the second aspect of
the invention, the information storage      system is characterized in that
the focusing means introduce such a fixed, stack-associated      spherical
aberration in the radiation beam that this aberration compensates the
spherical 20  aberration incurred by the radiation beam when it is focused
at approximately half the height      of the stack of information layers.
The second aspect is based on the recognition that a stack of information
layers can be scanned by a satisfactorily corrected scanning spot, while
using a single,      constant and suitably chosen spherical aberration
compensation. Since the spherical 25  aberration is not compensated anymore
for each information layer individually as in the      known system, the
focusing means can be made simpler, reducing the cost of the scanning
device. The spherical aberration incurred by a focused radiation beam as a
function of the      thickness of the material through which the beam
passes appears to be sufficiently small for a      reasonably large range
of thicknesses, which range is located symmetrically around the 30
thickness for which the radiation beam is well compensated. By compensating
the radiation      beam in such a way that the scanning spot is
substantially free from spherical aberration at      approximately half the
height of the stack, it is possible to scan information layers located
within said range at both sides of this half height with a sufficiently low
spherical aberration.      This provides the possibility of scanning a
stack of information layers by means of a             WO 96/06427
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scanning beam which is compensated once for spherical aberration. A device
suitable for      scanning a record carrier having a single stack then only
needs a single, fixed spherical      aberration compensation. Since this
compensation can be built into a component which is      already present in
the device, for example an objective lens of the focusing means, the  5
construction of the device can be simplified considerably. The considerably
simpler spherical      aberration compensation according to the invention
reduces the cost of the scanning device.      Although the features of the
second aspect of the invention can be advantageously      implemented in an
information storage system with the specific minimum information layer
distance according to the first aspect of the invention, the application is
not limited thereto. 10                     Since the spherical aberration
due to the traversed material thickness of      the record carrier is
dependent on the refractive index of the material and on the numerical
aperture of the radiation beam, the size of the above-mentioned range of
sufficiently small      spherical aberration will also depend on these
parameters. Since the height of the outermost      information layers
should be within this range for a correct scanning, the maximum thickness
15  of the stack is preferably a function of the refractive index of the
material of the stack and of      the numerical aperture of the focusing
means.                        The size of the range of sufficiently small
spherical aberration within      which information layers can still be
scanned with a sufficient quality is determined by the      admissible
deterioration of the quality of the scanning spot, as determined by the
scanning 20 device. The deterioration leads to a less satisfactory
detection of electric signals derived from      the radiation coming from
the record carrier. The deterioration which is maximally      admissible
for a specific information storage system may be expressed in terms of the
Strehl      intensity of the scanning spot. The Strehl intensity is the
normalized maximum intensity of      the radiation distribution of the
scanning spot. If there are no aberrations, the Strehl intensity 25  is 1,
and for large aberrations the Strehl intensity goes towards 0. If the
maximally      admissible decrease of the Strehl intensity due to spherical
aberration is given by r, the size      of the range depends on r and the
maximum thickness of the stack preferably depends also      on r.
The thickness of the stack is preferably smaller than the value 2d defined
30 by the equation   [err]  
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in which n is the refractive index of the spacer layers, [err] is the
vacuum wavelength of the      radiation beam and NA is the numerical
aperture of the focusing means. If the information      layers have such a
thickness that the beam is also noticeably influenced by the refractive
index of the information layers, the parameter n should be a weighted
average of the  5 refractive indices of the spacer layers and the
information layers instead of the refractive      index of the spacer
layers. If the refractive indices of the spacer layers and/or those of the
information layers are different, the parameter n should be a weighted
average of these      different refractive indices.
If the information layers are scanned through a transparent substrate, the
10  spherical aberration caused in this substrate should also be
compensated for in the focusing      means. Generally, the substrate has
small thickness variations within a certain thickness      tolerance of the
substrate. If the spherical aberration due to a substrate having a nominal
thickness is compensated for, the thickness variations give rise to
uncompensated spherical      aberration in the radiation beam. This extra
spherical aberration takes up a part of the above- 15  mentioned maximally
admissible spherical aberration of the information storage system, so
that the admissible spherical aberration incurred in the stack is reduced.
An information      storage system according to the invention in which
scanning through a substrate is realised      and in which the extra
spherical aberration is taken into account is characterized in that the
thickness of the stack is smaller than 2d minus the thickness tolerance of
the substrate. 20                      The invention also relates to a
device for scanning information layers of      an optical record carrier,
which device is provided with a radiation source, focusing means      for
selectively focusing a radiation beam from the radiation source to a
scanning spot on      separate information layers, and a servosystem for
controlling the position of the scanning      spot, comprising a detection
system having a radiation-sensitive surface. Currently unscanned 25
information layers yield a relatively large defocused, parasitic radiation
spot on the radiation-      sensitive surface, causing crosstalk. The
servosystem for controlling the axial position of the      scanning spot,
i.e. the focus servosystem, will be affected by the crosstalk. To minimize
the 



crosstalk on the focus errorsignal, the radiation-sensitive surface of the
focus detection      system should be small. According to the invention,
the device is therefore characterized in 30  that the radiation-sensitive
surface has a largest dimension smaller than 3 times the diameter      of
the radiation spot formed on the radiation-sensitive surface by radiation
from the record      carrier when the radiation beam is optimally focused
on the information layer to be scanned.      However, the
radiation-sensitive surface should have a certain minimum dimension to
enable      it to generate a satisfactory focus errorsignal. Therefore, the
minimum dimension is             WO 96/06427
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preferably larger than 1.5 times the diameter of said spot. The
above-mentioned 8 [err]m peak-      to-peak distance of the S-curve can be
realised with such a focus detection system. The      maximum dimension of
the radiation-sensitive surface is preferably approximately equal to
twice the diameter of said radiation spot. It is possible to use a
detection system with a  5  relatively large radiation-sensitive surface
while meeting the above dimensional requirement      by arranging a
diaphragm in the radiation beam, restricting the extent of the radiation
incident on the radiation-sensitive surface. The resulting reduction of the
crosstalk between      the focus errorsignals makes it possible to reduce
the minimum distance between the      information layers. 10
Generally, a device for scanning record carriers is provided with a
tracking servosystem for causing the scanning spot of the radiation beam to
scan information      layer tracks in which the stored information is
arranged. Such a servosystem will also be      influenced by crosstalk due
to currently unscanned information layers situated proximate to      the
scanning spot. To minimize this influence, the radiation-sensitive surface
of the tracking 15 detection system preferably has a largest dimension
smaller than 3 times the diameter of the      radiation spot on the
tracking detection system when the radiation beam is optimally focused
on one of the information layers. The minimum dimension is preferably
larger than the      diameter of said spot for proper detection. This
minimum value is lower than the above- 



mentioned minimum value for the focus detection system, because the
tracking servosystem 20  need only operate when the scanning spot is
focused on the information layer, thereby      producing a relatively small
spot on the detection system, whereas the focus servosystem      must
operate also when the scanning spot is not properly focused on the
information layer,      thereby producing a spot larger than the in-focus
spot. Such a device is particularly suitable      for integration in a
storage system according to the first and second aspect of the invention.
25                      Some types of the scanning device are provided with
dividing means      located in the optical path between the radiation
source and the focusing means for      generating two servobeams and one
main beam from the radiation beam, the two servobeams      being used for
generating a tracking errorsignal. According to the invention, crosstalk of
tracking errorsignals can be reduced in such a device by choosing the power
in the main 30  beam to be smaller than six times, and preferably four
times, the power in each of the      servobeams. The crosstalk appears to
be caused by parasitic radiation of the main beam      reflected by an
information layer which is not to be scanned currently and is incident on
the      servodetection system. In the device according to the invention
the amount of radiation in the      servobeams is larger than the amount of
parasitic radiation of the main beam at the location            WO 96/06427
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the radiation-sensitive detectors of the tracking detection system. This
reduces the     influence of the parasitic radiation and thus the
crosstalk, thereby allowing a smaller spacer     thickness.
The invention further relates to an optical record carrier having a
plurality 5 of information layers at different heights in the record
carrier, which information layers are     separated by spacer layers, which
record carrier is suitable to be read by means of a focused     radiation
beam employing a fixed spherical aberration compensation. According to the
invention, the record carrier is characterized in that the distance 2d
between the highest and     lowest information layer is smaller than 



10    [err]       in which n is the refractive index of the spacer layers,
[err] is the vacuum wavelength of the     focused radiation beam, NA is the
numerical aperture of the focused radiation beam and r is 15  0.05. The
numerical aperture of a beam is equal to the sine of the half apex angle of
the     beam in vacuo. Such a record carrier can be scanned by a relatively
cheap scanning device,     thereby reducing the cost of the information
storage system.                        A system in which stringent
requirements are imposed on the quality of     the scanning spot requires a
record carrier in which the height of the stack is smaller than 20  has
been indicated in the previous paragraph. According to the invention, such
a record     carrier is characterized in that the value of r is 0.01.
The invention will now be described in greater detail by way of example 25
with reference to the accompanying drawings in which
Figure 1 shows an optical information storage system according to the
invention, comprising a record carrier and a scanning device;
Figure 2 shows the three detection systems of the device;
Figure 3 shows the position of three spots on an information layer; 30
Figure 4 shows the focus errorsignal as a function of the axial
displacement of the scanning spot and                        Figure 5 shows
a record carrier scanned through a substrate.             WO 96/06427
PCT/IB95/00648 



8       Identical reference numerals in the various Figures refer to the
same components.                            Figure 1 shows an optical
information storage system according to the  5  invention. The system
comprises a multi-layer optical record carrier 1 having a stack 2 of
three information layers 3, 4 and 5, separated by transparent spacer layers
6 and 7. Each      information layer reflects at least part of radiation
incident on it, whereas layers 3 and 4      transmit at least part of the
radiation incident on them. Each information layer has parallel      tracks
8 which are perpendicular to the plane of the drawing, and indicated only
for 10  information layer 3. Information can be stored as optically
readable areas (not shown in the      Figure) between or in the tracks 8.
The readable areas may comprise pits or bumps in the      information layer
and areas with a reflectivity or a direction of magnetization different
from      their surroundings. The system further comprises a device 10 for
scanning the information      layers. The device comprises a radiation
source 11, for example, a diode laser, generating a 15  radiation beam 12.
A beam splitter 13, for example a partially transparent mirror, sends the
beam towards focusing means 14, for instance an objective lens, which
focuses the beam to a      scanning spot 15 on one of the information
layers 3, 4 or 5. Part of the radiation reflected by      the information
layer is transmitted to a detection system 16 via objective lens 14 and
beam      splitter 13. When record carrier 1 is moved with respect to
scanning spot 15, in the plane of 20  the information layers, the scanning
spot will scan a track on one of the information layers.      The radiation
beam reflected by the information layer will be modulated by information
stored in the information layer, which modulation can be detected by
detection system 16.      The detection system and an electronic processing
circuit 17 convert the modulation in an      electric information signal
S[err], representing the information read from the record carrier. 25
Scanning spot 15 may be positioned on a different information layer by
changing the position      of the spot along the optical axis of objective
lens 14, for instance by changing the axial      position of the objective
lens or by changing the position of all the optical components of the
device, i.e the radiation source, beam splitter, objective lens and
detection system.                         Device 10 is provided with a
focus servosystem in order to keep scanning 30 spot 15 properly focused on
an information layer during movement of the layer with respect 



to the spot. A focus errorsignal S[err], i.e. a signal representing the
axial distance between the      scanning spot and an information layer, may
be obtained by the so-called astigmatic method,      known from United
States Patent no. 4,023,033. To this end a radiation-sensitive surface of
detection system 16 is divided into four quadrants 16a, 16b, 16c and 16d,
as shown in Figure            WO 96/06427
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2, each quadrant being connected to processing circuit 17. Information
signal Si may be      derived from the four quadrants by summing the
signals of the quadrants. For a proper      detection of the focus error,
device 10 introduces astigmatism in the radiation incident on
detection system 16, for instance by means of beam splitter 13. As a
consequence, the shape  5  of the radiation spot on detection system 16
changes as function of the focus error between      shapes 18, 19 and 20 as
indicated in Figure 2 for a scanning spot below the information      layer,
in focus on the information layer and above the information layer,
respectively. Focus      errorsignal S[err] may be derived by summing the
signals from opposite quadrants to two sum      signals and forming a
difference signal of the two sum signals. Focus errorsignal S[err] is used
10 as input for a focus servo circuit 21 which comprising servo
electronics. The output of      circuit 21 is used to control a linear
motor 22 which can change the axial position of      objective lens 14,
thereby influencing the focus error.                         Device 10 is
also provided with a radial servosystem in order to keep      scanning spot
15 on a track of an information layer. A radial errorsignal S[err], i.e. a
signal 15  representing the distance between the centre of scanning spot 15
and the centre line of a      track 8 to be scanned, may be obtained by the
so-called two-beam method, known from, for      example, United States
Patent no. 3,876,842. To this end device 10 is provided with dividing
means, for instance a grating 23, positioned in radiation beam 12. The
grating splits beam 12      into a + 1[err], -1[err] and 0[err]-order beam,
i.e. a first tracking beam 24, a second tracking beam 25 20  and a main
beam 26. For the sake of clarity only the full paths of the first tracking
beam and      of the main beam are shown. The two tracking beams and the
main beam are focused into 



three spots on the information layer to be scanned by the objective system
14, i.e.      information layer 3 for the situation given in Figure 1. The
shift in Figure 1 between the      position of first tracking beam 24 and
main beam 26 at the location of objective lens 14 has 25  been exaggerated
for the sake of clarity. Figure 3 shows the positions of the three spots
formed on information layer 3 for the case where there are no radial
tracking errors. The      track pitch or track period is equal to q. Track
27 is the track which the scanning spot must      follow at the moment. The
first and second tracking beams form tracking spot 28 and      tracking
spot 29, respectively. Scanning spot 15 formed by the main beam 26 is
located on 30  track 27. If there is no tracking error, as in Figure 2, the
distance between a tracking spot      and the centre line of the track 27
is equal to x[err]. The value of x[err] depends on the way in      which a
radial tracking errorsignal is derived from the radiation in the tracking
beams.      Common values are q/4, q/2 and 3q/4. As is shown in Figure 1,
the radiation of the two      tracking beams 24 and 25 reflected by the
information layer is transmitted to detection             WO 96/06427
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systems 30 and 31, respectively, via objective lens 14 and beam splitter
13. Detection       systems 30 and 31 are connected to processing circuit
17, which derives radial errorsignal S[err]       by subtracting the two
signals from detection systems 30 and 31. Radial errorsignal S[err] is
used as input for a radial servo circuit 32 which comprising servo
electronics. The output of  5  circuit 32 is used to control linear motor
22 which can also change the transverse position of      objective lens 14,
thereby influencing the radial error.                          In general,
the presence of information layers close to the information      layer on
which the main beam 26 is focused will affect focus errorsignal S[err] in
the form of      crosstalk, as will be explained with reference to Figure
4. This figure shows focus 10 errorsignal S[err] as a function of the axial
displacement z of scanning spot 15. Curve 35 is the      so-called S-curve
due to information layer 3. It shows two extrema 36 and 37 and a zero-
crossing 38 between the extrema. When the scanning spot is at the axial
position indicated by 



zero-crossing 38, the scanning spot is in the plane of information layer 3.
During scanning of      this layer, the focus servosystem, comprising
detection system 16, processing circuit 17, 15 focus servo circuit 21 and
the linear motor 22, will try to keep the scanning spot at zero-
crossing 38. At the same time, neighbouring information layer 4 also
generates a focus      errorsignal with an S-curve 39, causing crosstalk on
S-curve 35. The total focus errorsignal      is the sum of the S-curves of
the various information layers. S-curve 39 causes an offset at
zero-crossing 38 of S-curve 35, resulting in a zero-crossing of the total
focus errorsignal at a 20 z-position different from the position of
zero-crossing 38. Scanning spot 15 will then not be      located at
information layer 3, but at a position intermediate between information
layers 3      and 4. The offset can be avoided by increasing the spacing
between information layers 3 and      4, i.e. by increasing the distance
between S-curves 35 and 39. The proximity of the S-curves      also causes
asymmetry in the shape of the curves, which might result in capturing
problems 25 of the focus servosystem. The spacing between the S-curves must
preferably be taken as at      least 4 times the peak-to-peak distance
S[err] of an S-curve to avoid said offset and asymmetry.      The related
minimum distance between the information layers is 4 n S[err], with n the
refractive      index of spacer layer 6 between the two information layers.
The maximum distance is      preferably 8 n S[err] in order to a high
information density of the record carrier. 30                      In an
embodiment of the device according to the invention the minimum
distance between the information layers may be reduced by reducing the
crosstalk of the      focus errorsignals. The crosstalk is due to radiation
from currently unscanned information      planes and incident on detection
system 16, as has been explained in the previous paragraph.      Since the
currently unscanned information planes do not lie in the plane of the
scanning spot            WO 96/06427
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15, the radiation from these planes will not be in focus on detection
system 16, and therefore      form a relatively large radiation spot on the
radiation-sensitive surface of the detection      system. The
radiation-sensitive surface of detection system 16 is bounded by the outer 



rectangle of element 16 in Figure 2. In an embodiment of the device
according to the  5 invention the size of the radiation-sensitive surface
is made smaller than in conventional      devices. The largest dimension of
the radiation-sensitive surface is preferably smaller than 3      times the
diameter of the radiation spot formed on the surface when the radiation
beam is      optimally focused on the information layer. Then the influence
of radiation from unscanned      information layers is relatively small,
and, consequently, also the crosstalk. The largest 10  dimension of the
radiation-sensitive surface is preferably larger than 1.5 times said
diameter      of the radiation spot, because smaller dimensions will cause
part of the radiation in shapes 18      and 20 in Figure 2 to fall outside
the radiation-sensitive surface, thereby reducing the      magnitude of the
focus errorsignal as well as the value of S[err]. For detection system 16
in      Figure 2, this means that the length of the diagonal of the square
radiation-sensitive surface 15  is preferably in the range between 1.5 and
3 times the diameter of shape 19. A spot diameter      of 30 [err]m results
in a diagonal range from 45 to 90 [err]m with a preferred value of 60
[err]m. The      diameter of the radiation spot is the diameter of the
so-called circle of least confusion when      using the astigmatic focusing
method. For other radiation spots the diameter is equal to the
diameter of the circle enclosing 90% of the energy of the spot. 20
The effect of the small detection system 16 on the S-curves is indicated by
the broken lines in Figure 4. The total width of each S-curve is reduced to
less than twice      the length of S[err], and thereby also the crosstalk
of S-curve 39 on S-curve 35. The minimum      distance of information
layers can now be reduced to 1.5 n S[err]. The maximum distance is
preferably 3 n S[err]. A preferred distance within the range is 2 n S[err].
When the peak-to-peak 25  distance is equal to 12 [err]m and the refractive
index of the spacer layers is 1.56, the thickness      of the spacer layer
is preferably between 28 [err]m and 56 [err]m, with a preferred value of 37
[err]m. A focus servosystem specially designed for scanning multi-layer
record carriers has a      peak-to-peak distance of 8 [err]m. This is
achieved by increasing the numerical aperture of the      radiation beam
incident on detection system 16 and introducing an appropriate mount of 30
astigmatism in this beam. Said 8 [err]m peak-to-peak distance and a
refractive index of 1.56      give a preferred thickness range from 19
[err]m to 37 [err]m. A small focus offset due to crosstalk      at the
lower end of the ranges may be compensated by an electronic offset. The
value of the      electronic offset preferably depends on the thickness of
the spacer layers and the reflectivity      of the information layers.    
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Although the above discussion is based on a focus servosystem according
to the astigmatic method, the invention is not limited to this method. It
can be used in each      system comprising a focus servosystem having an
S-curve. Examples of such servosystems      are disclosed in United States
Patent no. 4,533,826 using the Foucault or knife-edge method  5 and in
Japanese Patent Application no. 60-217 535 using the beam-size method. For
an      elongate Foucault detector with a divided surface the largest
dimension of the radiation-      sensitive surface is defined as the
overall width of said surface measured perpendicular to its      dividing
line.                         The proximity of unscanned information layers
close to the scanning spot 10 also causes crosstalk in the radial
errorsignal Sr, which arises in about the same way as the      crosstalk in
the focus errorsignal S[err]. Radiation of the two tracking beams 24, 25
reflected      from the currently scanned information layer give a
reasonably small radiation spot on each      of the detection systems 30
and 31. Radiation reflected from currently unscanned information
layers gives a relatively large radiation spot on the detection systems.
The size of detection 15  systems 30 and 31 should therefore be reduced as
far as possible. The length of the diagonal      of the radiation-sensitive
surface of each of the detection systems preferably ranges between      1
and 3 times the diameter of the radiation spot on the surface formed by a
tracking beam      optimally focused on an information layer. A
radiation-sensitive surfaces split by a dividing      line is regarded as a
single surface for determining its length. 20
Radiation of the main beam 26 reflected off currently unscanned
information layers forms a radiation spot centred on detection system 16.
Depending on the      thickness of the spacer layers which determines the
size of the spot, radiation of the spot      might fall on detection
systems 30 and 31. Since the intensity of the main beam is generally
substantially greater than the intensity of the tracking beams, the
crosstalk of radiation from 25  the main beam on the radial errorsignal may
be considerable. The crosstalk is reduced      according to the invention
by choosing the power in the main beam to be smaller than six      times
the power in each of the tracking beams. The reduced power in the main beam
is      sufficient to write and erase information in most types of
information layers. 



The above two measures for reducing crosstalk between radial errorsignals
30  are independent of the method used to generate the radial errorsignal.
Examples of methods      in which one or two of the above measures can be
applied are the one-beam push-pull      method as disclosed in United
States Patent no. 4,057,833, the two-beam push-pull method      as
disclosed in European Patent Application no. 0 201 603 and the three-beam
method as      disclosed in United States Patent no. 3,376,842.
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Spherical aberration incurred by main beam 26 in traversing material of
record carrier 1 may be compensated by introducing spherical aberration of
a different sign      in the beam. Objective lens 14 may function as
compensator by designing the lens such that      it introduces the amount
of spherical aberration in the beam required for a certain height of  5
scanning spot 15 in the record carrier. Such an objective lens is known
from the European      Patent no. 0 146 178 (US 4 668 056). When the height
of the scanning spot deviates from      the height for which the spherical
aberration is compensated, additional, uncompensated      spherical
aberration is introduced in the main beam. It gives rise to a reduced
quality of      scanning spot 15 which can be expressed by a decrease r of
the Strehl intensity of the 10  scanning spot. The value of the additional
aberration is an odd function of the height      deviation, resulting in
scanning spots for positive and negative height deviations with
different intensity distributions. In spite of these different intensity
distributions, the quality      of the information signal S[err] turns out
to depend on the inverse square value of the abberation.      An equal
positive and negative height deviation thus give about the same reduction
in quality 15  of the information signal. Hence, there exists a range of
thicknesses with only a small      reduction of the quality of the
information signal, which range is located symmetrically      around the
thickness for which the radiation beam is compensated. The extent of the
range is      determined by the minimum quality of the information signal
as required by the system. The      extent can also be expressed in terms
of the maximally permissible decrease r of the Strehl 



20  intensity due to spherical aberration. In general the designer of a
scanning device will have a      tolerance budget for the decrease of the
Strehl intensity due to all optical aberrations. Part of      the budget
will be allocated to a decrease caused by spherical aberration. This part
determines the extent of said range.                        According to
the invention stack 2 of information layers is located within 25 the range
of thicknesses with a permissible reduction of the quality of the
information signal.      When the height of the outermost information
layers of the stack is within the range of      thicknesses, all
information layers can be scanned with a well corrected scanning spot. In
order to make optimum use of the range, such an amount of spherical
aberration is      introduced in the main beam that the scanning spot is
substantially free from spherical 30  aberration at approximately half the
height of the stack. If the extent of the range, i.e. the      maximum
thickness of stack 2, is represented by 2d, then [err]             WO
96/06427
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in which n is the refractive index of the spacer layers, [err] is the
vacuum wavelength of the      radiation beam and NA is the numerical
aperture of objective lens 14. If the system has the      following
parameter values: [err]=  780 nm, n = 1.56, NA = 0.52 and r = 0.05, then
2d = 215 [err]m. Hence, the height of the stack of information layers of
the system can be up  5  to 215 [err]m. All information layers in the stack
can then be scanned by the device with a      sufficiently corrected
scanning spot. If the device has a peak-to-peak distance of the S-curve
of 12 [err]m with an associated optimum distance of the information layers
of 37 [err]m, then the      stack can contain five information layers.
Figure 5 shows a record carrier 40 comprising a transparent substrate 41.
10  The substrate has on one side an entrance face 42 on which main beam 26
is incident and on      the other side stack 2 comprising information
layers 3, 4 and 5. The main beam is corrected      for the spherical
aberration introduced by a substrate having a nominal thickness and by half



the thickness of stack 2. The additional spherical aberration due to
thickness variations of the      substrate reduces the maximum thickness of
the stack. For the above set of parameter values, 15  a peak-to-peak
thickness tolerance of 100 [err]m of the substrate and a refractive index
of 1.56      of the material of the substrate, the maximum thickness of the
stack is given by 215 -      100 = 115 [err]m. This stack can contain three
instead of five information layers. Another      example of a system
according to the invention with a record carrier as shown in Figure 5,
which system is less tolerant for spherical aberration, has parameter
values: [err] = 635 nm, 20  n = 1.56, NA = 0.52, S[err] = 8 [err]m, r =
0.01 and a thickness tolerance of the substrate of      40 [err]m. The
extent 2d of the range is then equal to 78 [err]m, and the maximum
thickness of the      stack of the record carrier is 78 - 40 = 38 [err]m.
The optimum spacing 2 n S[err] of the      information layers in the stack
is equal to 25 [err]m. Therefore, the stack can contain two
information layers. To further reduce the crosstalk due to the proximity of
the layers, the 25  spacing may be increased to 38 [err]m without affecting
the maximum amount of information to      be stored in the record carrier.
The information layers of such a record carrier may be      scanned by a
device with a single, fixed compensation of the spherical aberration.
The refractive index of one or more spacer layers may be equal to one,
i.e. the spacer is an air layer. As an example, spacer layer 6 in Figure 5
may have a 30  refractive index of one. The record carrier 40 then
comprises substrate 42 with information      layer 3 being a, for instance,
embossed surface of the substrate, and information layers 4 and      5
being two surfaces of a plate forming spacer layer 7. The plate and the
substrate are kept      at the required distance by means of spacer rings,
which are not shown in the Figure. From      the above formula it is clear
that the air spacer does not contribute to the spherical            WO
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aberration. Hence, the maximum thickness of stack 2 is then equal to the
sum of the value of      2d as calculated from the formula using the
refractive index of spacer layer 7 and the      thickness of the spacer
layer 6, reduced by the tolerance on the thickness of the substrate if 



necessary. Replacing a solid spacer layer by an air layer increases the
possible number of  5 information layers in the stack by one.
If the refractive index of the substrate is not equal to that of the spacer
layers, the maximum additional spherical aberration of the substrate must
be calculated first      and the resulting reduction of the Strehl
intensity must be subtracted from the maximum      allowed reduction due to
spherical aberration. The remaining reduction can then be used to 10
calculate the maximum thickness of the stack.                         The
record carrier may be provided with several stacks of information
layers. A device for scanning these layers should be provided with an
adjustable spherical      aberration compensator, which compensator
requires only one setting of the compensation for      each stack of
layers. 15                      The feature of scanning a stack of
information layers with a single      spherical aberration compensation may
be advantageously combined with the feature of the      minimum distance of
the information layers. A decrease of the minimum distance increases
the number of information layers that fit in a stack of a certain
thickness. Hence, such a      decrease increases the information density of
the record carrier and the number of 20  information layers that can be
scanned with a single compensation. It thereby provides a      high-density
record carrier and a relatively low cost scanning device. However, the
application is not limited to the combination of the two features. As an
example a system      using said first feature and not said second feature
scans the record carrier with two radiation      beams. The scanning spot
of a first beam is guided by an information layer, whereas the 25  position
of the scanning spot of a second beam is coupled to the first scanning spot
and scans      one or more other information layers. Hence, there is no
crosstalk between servo      errorsignals, and the distance of the
information layers can be reduced accordingly. The      height of the stack
is limited by the spherical aberration incurred by the second beam
according to said first feature. An example of a system using said second
feature and not said 30  first feature comprises a spherical aberration
compensator providing a  separate compensation      for each information
layer. The minimum distance between the information layers is
determined by the crosstalk on errorsignals for focus and/or tracking servo
systems, whereas      there is no requirement on the maximum height of the
stack of information layers.     
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16       CLAIMS:            1.               An information storage system
comprising an optical record carrier having      a stack of information
layers alternating with spacer layers,                  and a device for
scanning the information layers, which device is provided with      a
radiation source and focusing means for selectively focusing a radiation
beam from the  5 radiation source on the separate information layers, and a
focus servosystem,                  characterized in that the thickness of
each spacer layer is at least 1.5 times the     refractive index of the
spacer layer multiplied by the peak-to-peak distance of the S-curve of
the focus servosystem.     2.                An information storage system
as claimed in Claim 1, characterized in 10  that the thickness of the
spacer layer is smaller than 4 times the refractive index of the spacer
layer multiplied by the peak-to-peak distance of the S-curve of the focus
servosystem.     3.                An information storage system as claimed
in Claim 1 or 2, characterized     in that the focusing means introduce
such a fixed, stack-associated spherical aberration in the     radiation
beam that this aberration compensates the spherical aberration incurred by
the 15  radiation beam when it is focused at approximately half the height
of the stack of information     layers.     4.                An
information storage system as claimed in Claim 1, 2 or 3,     characterized
in that the thickness of the stack is smaller than a value 2d which is a
function     of the refractive index of the material of the stack and of
the numerical aperture of the 20 focusing means.     5.               An
information storage system as claimed in Claim 4 characterized in that
the value 2d is also a function of the maximally admissible decrease of the
Strehl intensity of 



the scanning spot due to spherical aberration.     6.               An
information storage system as claimed in Claim 5, characterized in 25 that
the value 2d is defined by the equation [err]           WO 96/06427
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which n is the refractive index of the spacer layers, [err] is the vacuum
wavelength of the     radiation beam, NA is the numerical aperture of the
focusing means and r is the maximally     admissible decrease of the Strehl
intensity due to spherical aberration.     7.                An information
storage system as claimed in Claim 6, in which the record 5  carrier
comprises a transparent substrate having an entrance face for the radiation
beam at     one side and said stack at the other side, characterized in
that the thickness of the stack is     smaller than 2d minus the thickness
tolerance of the substrate.     8.                A device for scanning
information layers of an optical record carrier,     which device is
provided with a radiation source, focusing means for selectively focusing a
10  radiation beam from the radiation source on the separate information
layers, and a     servosystem comprising a detection system having a
radiation-sensitive surface, characterized     in that the
radiation-sensitive surface has a largest dimension smaller than 3 times
the     diameter of the radiation spot formed on the radiation-sensitive
surface by radiation from the     record carrier when the radiation beam is
optimally focused on the information layer to be 15  scanned.     9.
A device as claimed in Claim 8, provided with dividing means located in
the optical path between the radiation source and the focusing means for
generating two     servobeams and one main beam from the radiation beam,
characterized in that the power in     the main beam is smaller than six
times the power in each of the servobeams. 20  10.                An
optical record carrier having a plurality of information layers at
different heights in the record carrier, which information layers are
separated by spacer 



layers, said record carrier being suitable to be read by means of a focused
radiation beam      having a fixed spherical aberration compensation,
characterized in that the distance between      the highest and lowest
information layer is smaller than a value 2d defined by 25    [err]
in which [err] is the refractive index of the spacer layers, [err] is the
vacuum wavelength of the      focused radiation beam, NA is the numerical
aperture of the focused radiation beam and r is 30 0.05.      11.
An optical record carrier as claimed in Claim 10, characterized in that r
is      0.01.        WO 96/06427
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An optical record carrier as claimed in Claim 10 or 11, which comprises a
transparent substrate having an entrance face for the radiation beam at one
side and said stack at the other side, characterized in that the distance
between the highest and lowest information layer is smaller than 2d minus
the thickness tolerance of the substrate.    


