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sensitive recording material. This article does not dis- close how the
small information areas should be read. The invention relates to a method
of optically      In the present-day read apparatuses read objec- scanning
an information plane by means of a scan-   tives having a numerical
aperture, NA, of the order of ning beam which is focused to a scanning spot
on the   5   0.45 are used. Semiconductor diode lasers such as information
plane, said scanning spot and the carrier  an AlGaAs laser emitting
radiation at a wavelength of of the information plane being moved relative
to each  the order of 800 nm are used as radiation sources. other so that
the scanning spot scans the information  This radiation can be focused by
the read objective to plane. The invention also relates to a record
carrier,  a diffraction-limited radiation spot whose half-value to a record
carrier master which is used in the manu-  io   width (FWHM) is of the
order of 1 micron. The half- facture of such a record carrier and to an
optical scan-  value width is understood to mean the distance be- ning
apparatus, all of which are suitable for use of the  tween the points in
the radiation spot where the inten- method.
sity is half the maximum intensity in the centre of the This method can be
used for examining objects   radiation spot. Information areas having a
width of the by means of a scanning optical microscope, but it is  15
order of 0.5 micron and an average length of the order particularly
suitable for scanning an optical record  of 1 micron can be well-separated
read by means of carrier having an audio or video program or digital  this
scanning spot. data.                                                  In
this reading operation use is made of diffrac- The information plane of a
record carrier may be  tion of the read beam by the information areas. At
the a plane recorded with optically readable information   20  stated
values of the wavelength, the numerical aper- and a plane in which
information is to be inscribed. In  ture and the size of the information
areas, the infor- the former case the scanning beam is a read beam
mation structure can be considered to be a two-di- and in the latter case
the scanning beam is a write  mensional diffraction grating which splits
the incident beam modulated with the information to be inscribed.
radiation beam into a non-diffracted zero-order sub- The record carrier may
be a round disc-shaped record  25   beam, a plurality of diffracted
first-order sub-beams carrier, but also a tape-shaped record carrier.
and a plurality of sub-beams diffracted in higher or- Nowadays these record
carriers and the associ-  ders. The zero-order sub-beam has a constant
phase ated read apparatuses are used in large numbers. In  and amplitude
and is not influenced by a movement addition to the robustness of the
disc-shaped record  of the information structure with respect to the scan-
carriers, the large storage capacity is also an impor-  30  ning spot.
However, the phase or amplitude of the tantfactorwhich has contributed to
the success of the  first-order sub-beams is dependent on the movement
optical recording systems. The optical disc having a  of the information
structure. diameter of 12 cm, which is known underthe name of     An
objective concentrating the zero-order sub- "Compact Disc" or "CD", may
comprise, for example   beam and a part of the first-ordersub-beams from
the a digitised music program of one hour, whilst the larg-  35  record
carrier on a detector is arranged between the er optical disc having a
diameter of 30 cm, which is  record carrier and a radiation-sensitive
detector. known under the name of "Laservision Disc" may      When moving
the information structure and the scan- comprise a video program of one
hour.               ning spot with respect to each other, the phase of a
However, there is an ever increasing need of re-  first-order sub-beam
varies with respect to that of the cording still larger quantities of
information on the   40  zero-order sub-beam. By interference of a portion
of said record carriers. While maintaining the diameter  a first-order
sub-beam with the zero-order sub-beam, of the present-day optical discs
which are easy to  the intensity of the radiation received by the detector
handle, this means that the information areas such as  varies. This
intensity variation represents the infor- the known pits in the "CD" and
Laservision" discs and  mation which has been read, i.e. the succession of
in- in the optical discs fordigital data storage, orthe mag-  45  formation
areas in the scanning direction. netic domains in the magneto-optical discs
which are   The angles at which the first-order sub-beams inscribable and
erasable must be smaller. The current  and the higher-order sub-beams are
diffracted de- techniques provide the possibility of inscribing such  pend
on the local period of the information structure, smaller information
areas. However, reading these  i.e. the distance between the beginning of a
first in- smaller areas is a problem.                    so  formation area
and that of a subsequent information The article: "The physics of recording
in write-  area. In the case of a decreasing period, or an in- once optical
storage materials" in "Proceedings of  creasing spatial frequency, the
diffraction angles be- SPIE, International Society for Optical Engineering"
come larger until (at a given spatial frequency refer- Vol. 420 June 1983
pages 288-293, for example dis-  red to as the "conventional" cut-off
frequency,) the closes that information areaswith dimensions smaller  55
first-order sub-beams entirely fall outside the pupil of than those of the
recording spot can be recorded by  the objective. Information areas whose
spatial fre- therno sensitive recording using the property of    quency
lies above this cut-off frequency can there- threshold temperature
dependency of the thermo      fore no longer be detected. 2    



3                    EP 0 343 727 B1                     4 To be able to
read an information structure at a  the scanning spot is referred to as the
effective scan- spatial frequency above the said conventional cut-off  ning
spot. frequency, United States Patent No. 4,242,579 pro-       A non-linear
optical material is understood to poses to arrange the said objective,
referred to as ob-  mean a material whose optical properties vary under
servation objective in this Patent, asymmetrically in   5   the influence
of incident radiation. The said variation the zero-order sub-beam coming
from the record car-  may be particularly a variation of the transmission
or rier. Since the observation objective is displaced in  reflection
coefficient or of the refractive index of the the direction in which one of
the first-order sub-be-  material, or a variation of the shape of the layer
of ams is diffracted, this sub-beam is captured also at  non-linear optical
material. As will hereinafter be de- higher spatial frequencies. This beam
interferes in  10  scribed in greater detail, the following materials are
the detector plane with a part of the zero-order sub-  generally suitable
as non-linear optical materials: beam, resulting in an interference
pattern. The vari-    1. materials an optical property of which varies
ation in this pattern representing the information       under the
influence of a thermal effect, for exam- which has been read is detected by
means of a detec-     ple, thermochromic materials; tor whose width in the
scanning direction is smaller  15  2. so-called optical bleaching
materials, for ex- than the period of the interference pattern. In the ap-
ample, photochromic materials; paratus according to United States Patent
No.            3. materials which are known as bistable optical 4,242,579
stringent requirements are imposed on the      materials. alignment of the
optical elements, notably if a reflect-  4. materials having a large
third-order non-linear ing information structure is read and a transparent
20  susceptibility, Le. a large  [err] number. The protective coating is
present on this structure. In      [err] number is a known standard for
non-linear practice the cut-off frequency can be increased to ap-   optical
materials, and for Its definition reference proximately 1.5 times the
conventional cut-off fre-      may be made to the book by David J.
Williams: quency with this apparatus.
"Non-linear Optical Prospectus of Organic and The present invention has for
its object to provide   25  Polymeric Materials", American Chemical Soci-
novel possibilities of reading optical information       ety, Washing DC,
1983. structures at spatial frequencies which are consider-    For a
general introduction to non-linear optical ably higher than the
conventional cut-off frequency,  materials reference is made to the book by
H. Bloem- whilst the read apparatus in principle requires little or
bergen: "Non-linear Optics", Benjamin, New York, no adaptation.
30   1965. The read method according to the invention is        Similarly
as for a direct optical object-to-image characterized in that use is made
of:                transformation, that is to say optical imaging in the -
a principally diffraction limited scanning spot  classical sense of the
word, a modulation transfer having a surrounding portion and a central por-
function can be allocated to an optical scanning, that tion having an
intensity higher than the inten-   35  is to say a point-by-point
transformation. The modu- sity of said surrounding portion; and of
lation or contrast transfer function (MTF) is defined - a layer of
non-linear optical material adjacent  as the ratio between the contrast in
the image and the information plane and having a property,    that in the
object. This modulation transfer function which varies as afunction of the
intensity of the  decreases with an increasing spatial frequency in the
incident radiation and means in addition to said   40  object. At a cut-off
frequency, referred to as the con- layer of non-linear optical material for
storing  ventional optical cut-off frequency, this function Is information
in a succession of information      equal to zero. In the conventional
method of scanning areas in said information plane, said layer of  optical
information structures via linear media whose non-linear optical material
reducing the effec-  optical properties do not change, the modulation tive
size of the scanning spot.            45  transfer function is entirely
determined by the numer- A diffraction-limited radiation spot is understood
ical aperture and the wavelength of the scanning to mean a scanning spot
whose size is determined by   beam if the detection aperture Is larger than
or equal the diffraction at the aperture of the lens with which  to the
aperture of the beam incident on the informa- this spot is formed. Such a
spot has a so-called Airy  tion structure. The numerical aperture of the
scan- distribution, that is to say it comprises a central circu-  so   ning
beam is equal to the numerical aperture of the lar portion having an
intensity decreasing from the  objective with which the scanning beam is
focused to centre to the edge and a plurality of rings around the  a
scanning spot. The detection aperture is the aper- circle having a smaller,
also outwardly decreasing in-  ture of the beam which can be received by
the radia- tensity. The invention notably utilises the fact that
tion-sensitive detector. This aperture may be equal to only in a part of
the central circle the intensity is high   55  the numerical aperture of a
collecting lens between enough to produce a usable non-linear optical
effect  the record carrier and the detector, but it may be al- so that
scanning is substantially performed only with  ternatively determined by
the aperture of the detector that portion of the radiation spot The said
portion of  itself. Under the above-mentioned condition the cut- 3    



5                   EP 0 343 727 B1                   6 off frequency [err]
is given by: [err] = [err] so that the  is made of a novel type of record
carrierwhich is char- highest spatial frequency in the information
structure  acterized in that it comprises: which can still be read is
smaller than [err]          - a layer of non-linear optical material
arranged The present invention is based on the recognition      within the
depth of focus of said information that the use of a non-linear material,
i.e. a material   5  plane and having a property which varies as a whose
optical properties change under the influence        function of the
intensity of incident radiation, of the scanning beam, in combination with
the energy       said property being an optical characteristic distribution
across the cross-section of this beam         which, responsive to scanning
of said informa- leads to a variation of, for example the transmission
tion plane by a beam of said incident radiation, or reflection
coefficientwithin a small region of the ra-  10  having a central portion
with an intensity higher diation spot. On the original linear transmission
or re-   than that of a surrounding portion of said beam flection
coefficient a non-linear component is super-      of radiation, changes in
the portion of the layer imposed at the area of the scanning spot and
moving        being scanned by said central portion; and along with this
spot. The last-mentioned component       - means, in addition to said
property of said layer represents a sub-spot or effective scanning spot
15      for storing information as a succession of infor- which is
considerably smaller than the original scan-      mation areas in said
information layer. ning spot and whose side lobes, in contrast to those
The layer of non-linear optical material may be of the original radiation
spot, are negligible. The effec-  constituted by the layer in which the
information is or tive scanning spot provides the possibility of reading
can be inscribed. However, there are also embodi- considerably smaller
information areas of a record   20   ments in which a separate layer of
non-linear optical carrier, or more generally smaller details of an object
material is present in addition to the information layer. can be detected
than with the original scanning spot  In that case it must be ensured that
the first- The resolution of the optical scanning system is there-
mentioned layer is located so close to the information fore improved,
plane that the size of the scanning spot in this layer In terms of the
modulation transfer function the   25   does not deviate very much from
that of the diffraco measure according to the invention results in a non-
tion-limited scanning spot in the information plane. linear sub-function
being superimposed on the origi-  Since the size of the scanning spot is
adapted to the nal modulation transfer function determined by NA
information structure and since this size depends on and [err]. It is true
that this non-linear sub-function has  the numerical aperture of the
objective system with a smaller maximum but it has also a considerably  30
which the scanning spot is formed and since further- smaller scope and a
higher cut-off frequency than the  more the depth of focus of the objective
system is in- original function. The difference in cut-off frequency
versely proportional to the square value of the numer- may be a factor of
two or even more.                 ical aperture, it is permitted to speak
of the depth of The cut-off frequency can even be further in-    focus of
the information plane, which term is preferred creased by using materials
having higher-order non-   35  in view of the wish for a concise
formulation of the linearities, either or not In combination with a larger
above-mentioned requirement. detection aperture. The detection limit will
be ulti-    The record carrier according to the invention has mately
determined by the signal-to-noise ratio, in con-  many embodiments which
are distinguishable in ac- trast to the conventional optical scanning in
which  cordance with two criteria. The first criterion relates to there is
a sharp limit at the cut-off frequency f =   40  the facilities of the
record carrier. [err]                                                  A
first embodiment in accordance with the first It is to be noted that the
Article "Superresolution  criterion is characterized in that the
information plane in Microscopy and the Abbe Resolution Limit" in      is
provided with a permanent information structure "Journal of the Optical
Society of America", Vol. 57,  which is constituted by information areas
being ar- No. 10 (October '67) pages 1190-1192 gives a theo-   45  ranged
in information tracks, said areas alternating in retical discourse on how
superresolution, even to in-  the track direction with intermediate areas
and being finitely high spatial frequencies, could be achieved by
optically distinguished therefrom. providing a so-called stop or diaphragm
against the      A permanent information structure is understood object.
However, this Article also observes that it is  to mean an information
structure provided by the virtually impossible in practice to manufacture
such a   50   manufacturer of the record carrier in which the infor-
diaphragm with the desired small opening and to      mation areas are
preferably constituted by pits in, or place it in the desired position. The
great advantage  hills on the recording surface. A record carrier having of
the present invention is that the scanning spot itself  such a structure
can only be read by the user, and it creates a kind of stop function in the
non-linear layer  cannot be erased and inscribed again. so that it is
possible for the firsttime to realise the de-  55  A second embodiment in
accordance with the sired superresolution in practice.
first criterion relates to a record carrier which can be A very important
application of the invention re-  inscribed once and is characterized in
that the infor- lates to reading optical record carriers. Thereby use
mation plane has a permanent servo-track structure 4    



7         -          EP 0 343 727 B1                  8 for positioning the
scanning spot in the Information  known record carriers in that they have a
layer of non- plane. Such a record carrier is often of the so-called
linear optical material which is located within the ablative type in which,
for example pits can be melted  depth of focus of the information plane. in
the information surface by means of the energy of     The second criterion
by which the record carriers the write beam. Another possibility is to
inscribe by   5   according to the invention are  distinguishable relates
forming non-erasable crystalline areas in an amor-   to the type of
non-inear layer with which the super- phous layer, or conversely. The
permanent servo-     resolution effect is realised. track structure is
provided by the manufacturer of the   A first embodiment in accordance with
the sec- record carrier. With this structure it can be ensured  ond
criterion, is characterized in that the non-linear that the scanning spot
follows an accurately defined   io  optical material is a material whose
transmission path in the information plane, but also that the scan-
changes with a changing intensity of the incident ra- ning is in the
correct position along the track direction  diation. An example of such a
layer is known in liter- ata given moment.
ature under the name of "bleaching layer" whose A third embodiment in
accordance with the first  transmission increases with an increasing
intensity of criterion relates to a record carrierwhich can be inscri-  15
the incident radiation. Suitable materials are, for ex- bed and erased
several times and is characterized in  ample, gallium arsenide, gallium
antimonide, indium that the information plane has a permanent servo-
arsenide and indium antimonide. track structure forpositioning the scanning
spot in the  It is to be noted that the use of bleaching layers information
plane. The servo-track structure has the  is known per se in
photolithographic techniques for same function as that in the second
embodiment. Ex-  20   manufacturing integrated circuits. However, in these
amples of an information layer for the third embodi-  techniques the
bleaching layer is used to sharpen the ment may be a magneto-optical layer,
or a so-called  edges of the separate elements in the circuit patterns
phase change layer in which a transition from the    which must be provided
In the semiconductor, and it amorphous phase to the crystalline phase and
con-    is not used to limit the total imaging beam as in the versely can
be locally realised by means of optical ra-  25   present invention.
diation. A third example of an information layer which   The f irst
embodiment of the record carrier may be can be inscribed and erased several
times is a double  further characterized in that the material having a
layer of a first synthetic material layer having a rela-  transmission
which changes under the influence of tively high thermal coefficient of
expansion and a   the intensity is a saturating dye. For example, with an
glass transition temperature which is below room    30  increasing
intensity this dye becomes more and more temperature and a second synthetic
material layer    transparent to radiation of a given wavelength. which is
connected to the first synthetic material layer  However, the first
embodiment is preferably fur- and which has a relatively low coefficient of
expan-  ther characterized in that the material having a trans- sion and a
glass transition temperature which is     mission which changes under the
influence of the in- above room temperature. Such a double layer whose   35
tensity is a bistable optical material. first layer is referred to as the
expansion layer and    This material is described in Optics Communica-
whose second layer is referred to as the retention lay-  tions", Vol. 59
(1984) No. 5, pages 359-361 for use in er is described in European Patent
Application No.   optical switches and optical computers. At a given in-
0,136,070.                                           tensity level the
transmission of this material increas- A fourth embodiment in accordance
with the first  40   es stepwise and the transmission decreases step-
criterion relates to a record carrier intended as a mas-  wise when the
intensity is decreased to below this lev- ter for initially and optically
inscribing a track-shaped  el. The bistable or optical material is
eminently suit- structure which can be replicated in a record carrier  able
for releasing the superresolution effect because according to the first,
second or third embodiment,  it acts substantially without delay. which
record carrier has a substrate and a radiation-   45  A layer whose
transmission changes with a sensitive layer.
changing intensity can be used in a record carrier The track-shaped
structure may be a track-        having a permanent information structure,
in a record shaped information structure or a servo-track struc-  carrier
which is inscribable once and in a record car- ture which is converted into
a relief pattern suitable  rier which is inscribable and erasable several
times, to be transferred on further record carriers by means   50  and it
is eminently suitable for use in a record carrier of known-pressing or
replica techniques. The radia-  serving as a master in the manufacture of a
large tion-sensitive layer may be photo-sensitive layer, but  number of
identical record carriers having an informa- alternatively an
expansion-retention double layer re-  tion track structure or a servo-track
structure. ferred to in the above in connection with the record     A
second embodiment in accordance with the carriers which can be erased and
Inscribed several  55   second criterion, of the record carrier is
characterized times.                                               in that
the non-linear optical material is a material The above-mentioned first to
fourth embodi-       whose refractive index changes when changing the ments
of the record carrier are distinguished from the  intensity of the incident
radiation. 5    
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part of the refractive index and the  information layer, which change has
the form of a ro- imaginary part of a complex refractive index may   tation
of the polarisation direction or the form of a change, in other words the
non-linear optical effect  change of the polarisation ellipticity, is
dependent on may be both an amplitude effect and a phase effect.  the
temperature of this layer. As an example of such a layer which may be
provided   5  The magneto-optical record carrier may be fur- both in front
of and behind the recording layer, a layer  ther characterized in that a
layer of non-linear optical may be mentioned which comprises a phase change
material is provided within the depth of focus of the material. It has been
found thatthe complex refractive  magneto-optical layer. index of this type
of materials, both in the amorphous  The non-linear effect can be increased
consider- and in the crystalline phase, is temperature depend-  10  ably by
means of the extra layer. It is also possible to ent to such an extent that
the radiation whose inten-  use substantially only the non-linear effect of
the ex- sity is too small to realise a phase change can still es-  tra
layer. tablish a sufficiently large change of the refractive in-  A
preferred embodiment of a record carrier hav- dex in both phases to enable
these materials to be  ing one of the above-mentioned types of non-linear
used as non-linear materials in the sense of the pres-  15  optical layers
is characterized in that the non-linear ent invention.
optical layerforms part of a pack of layers constituting A sub-embodiment
of a record carrier having a    a resonance structure for the scanning
radiation. phase change material as a non-linear optical mate-     By
creating a resonance structure in the record rial isfurthercharacterized in
that the layer of non-lin-  carrier, the non-linear effect can be increased
consid- ear optical material is also the information layer.  20  erably.
The non-linear layer itself has a transmission When inscribing this record
carrier with a first high-  (T) versus optical thickness (nd: with n being
the re- intensity level, the amorphous phase is locally con-  fractive
index and d being the geometrical thickness verted into a crystalline
phase, or conversely, whilst  of the layer) characteristic which has a
sinusoidal va- during reading with a second low-intensity level the
riation. The value nd is chosen to be such that around refractive index is
temporarily changed without a   25  the corresponding point on the
characteristic curve, phase change taking place.
the working point, the curve has a maximum slope. A third embodiment in
accordance with the sec-   The optical thickness nd of the layer will
mostly devi- ond criterion, of the record carrier is characterized in  ate
from [err] in which X is the wavelength of the scan- that the non-linear
optical material is a synthetic ma-      4 terial having a relatively high
thermal coefficient of  3o  ning radiation and N is an integer because for
n.d expansion.                                          = N. mostly an
extremum is achieved in the char- ln such an expansion layera scanning beam
hav-       4 ing an intensity which is lower than the write intensity
acteristic curve. The non-linear effect of the layer can locally establish
a surface deformation so that a  thus optimised can be increased by
adapting the opt- discrimination within the scanning beam takes place   35
ical thicknesses [err] of other layers which are already again and
effectively a smaller scanning spot is    present in the record carrier so
that these layers, com- formed in the Information plane.
bined with the non-linear layer, constitute a reso- An expansion layer and
a layer having a variable  nance structure. It holds for this pack of
layers that refractive index can be used in record carriers having a
permanent information structure or in record carr-  40 ers which are
inscribable once or several times. For                [err] example, in the
embodiment having an expansion lay- er as a non-linear layer, the
information layer may also be an expansion layer in combination with a re-
tention layer.                                 45  in which x is the number
of layers and [err] are the Afourth embodiment in accordance with the sec-
refractive index and the geometrical thickness of the ond criterion, of the
record carrier in which the infor-  layer i, is chosen to be such that
around the corre- mation layer comprises a magneto-optical material in
sponding point on the characteristic curve the slope which magnetic domains
can be written by means of   of this curve is maximum. a magnetic field and
a radiation beam, which domains   50  The embodiment of the record carrier
having a can be read on the basis of a change of polarisation  resonance
structure may be further characterized in of a scanning beam, is
characterized in that the non-  that a plurality of extra layers is
provided which, com- linear layer is constituted by a magneto-optical
infor-  bined with the non-linear layer, constitute the reso- mation layer
whose polarisation change depends on   nance structure. the temperature.
55       The layers which are already present in the re- This embodiment of
the record carrier utilises for  cord carrier then need not be adapted. The
same con- the first time the fact that the polarisation change  dition of
the total optical thicknesses indicated above caused by a magnetic domain
in the magneto-optical  applies to the pack of layers with the extra
layers. 6    



11                  EP 0343 727 B1                   12 When using
non-linear optical materials an opti-  portion which is sufficiently
corrected and which has mum superresolution signal is obtained if the local
a sufficient optical quality for forming the diffraction- non-linear
optical effect is only present in the time in-  limited radiation spot, and
a contiguous annular por- terval during which the scanning spot remains in
the  tion which can receive radiation from the record car- area of this
effect, in otherwords if the local effect has   5   rier. disappeared
immediately after the central portion of   The annular lens portion should
only collect light the scanning spot has disappeared from this local   and
need not to image and it may therefore have a position. The scanning spot
is then reduced both on  considerably lower optical quality than the
central the front side and on the rear side, viewed in the di-  lens
portion. With the annular lens portion radiation rection of movement of the
spot. The superresolution   10  from the record carrier, which radiation
falls outside signal then has a maximum signal-to-noise ratio. Ma-  the
central portion of the objective system can be terials which have the short
recovery time required for  captured and determined. The information
comprised this purpose, or which are quickly reversible are, for  in the
information areaswhich are considerably small- example, bleaching materials
or bistable optical ma-  erthan the scanning spotformed by the objective
sys- terials.                                       15  tem and which can
be read by means of the superre- When using non-linear optical materials
having a  solution effect is particularly present in this radiation longer
recovery time in which the non-linear effect is  so that the last-mentioned
scanning apparatus is bet- mostly established via a thermal effect, the
signal-to-  ter suitable for the superresolution effect than the noise
ratio of the superresolution signal is smaller but  conventional
apparatuses. it is still sufficiently large to utilise the effect. When
20  The objective system may be formed in known scanning a record carrier
provided with such a mate-  manner by means of a single lens element having
one rial, the non-linear effect occurs on the front and rear  or two
aspherical refractive surfaces, by a holograph- sides of the scanning spot,
but since this effect re-  ic lens or by a lens element having a radially
varying mains present for some time and trails the scanning  refractive
index. spot like a kind of comet tail, only the reduction of the   25  The
radiation through the annular lens portion scanning spot on its front side
and the increase of the  can be received by the detector which also
receives steepness at that side contributes to the superreso-  the
radiation through the central lens portion. How- lution effect.
ever, the scanning apparatus according to the inven- For reading the record
carriers according to the  tion may be further characterized in that an
extra de- invention it is possible to use the known scanning ap-  30
tector is provided for receiving the radiation passing paratuses comprising
a radiation source, an objective  through the annular lens portion. system
defining a scanning beam aperture for focus-     The signal which is due to
the superresolution ef- ing a radiation beam from the radiation source to a
fect can then be separately detected and treated, diffraction-limited
scanning spot on the information  whilst moreover conventional discs can
also be read plane and a radiation-sensitive detector for convert-  35
with this apparatus. ing radiation from the information plane and collected
The invention will now be described in greater de- in a detection beam
having a detection beam aperture  tail, by way of example, with reference
to the accom- into an electric signal. In the known scanning appara-
panying drawings in which tuses the objective system between the radiation
Figs. la to 1k show the principle ofthe invention, source and the
information plane has the same nu-  40   Fig. 2 shows examples of
modulation transfer merical aperture as the objective system between the
functions which can be obtained when using the information plane and the
detector, in the case of a re-  invention, flecting record carrier there is
only one objective sys-  Fig. 3 is a plan view of an embodiment of an opt-
tem.                                                    ical record
carrier, According to the invention the scanning appara-  45  Fig. 4 shows
an embodiment of an optical scan- tus can be optimised for the
superresolution effect.    ning apparatus, Such a novel scanning apparatus
is characterized in     Figs. 5a, 5b and 5c are sectional views of differ-
that the detection beam aperture is larger than the     ent-order sub-beams
in the far field of the infor- scanning beam aperture.
mation structure in those cases where there is no The detection aperture is
the aperture of the   5o  non-lineareffectorwherethere is a non-linear ef-
beam which can be received by the radiation-sensi-     fect, tive detector.
In most cases this aperture will be de-  Figs. 6,7, 9, 10,11, 13,14,16,
17,18,19,20 and fined by the opening of an optical element between      23
show embodiments of a record carrier having the record carrier and the
detector.                    a non-linear layer, A preferred embodiment of
the scanning appara-  55  Fig. 8 shows the transmission as a function of
the tus according to the invention, intended for scanning   intensity of a
bistable optical material, a reflecting record carrier is further
characterized in  Fig. 12 shows the variation ot a thermally gener- that
the objective system comprises round central       ated non-linear optical
effect, 7    



13                   EP 0 343 727 B1                   14 Fig. 15 shows the
transmission as a function of                   [err] the optical thickness
of a non-linear layer and of  with a pack of layers,
[err] Fig. 21 shows a magneto-optical write and read    in which y is a
factor which is dependent on the type apparatus,
5   of material and its thickness and on the surrounding Fig. 22 shows a
method of inscribing magnetic     media. The term to represents the linear
portion of the domains in a magneto-optical record carrier, and
transmission and At is the non-linear contributor. The Fig. 24 shows an
embodiment of a read appara-     non-linear transmission term is shown in
Fig. lh. To tus according to the invention.                   this term
also a half-value width [err] can be allo- Fig. la shows diagrammatically
how a radiation   10   cated which is for example 0.51 [err] Due to the
non- beam b with a plane wavefront is focused by an ob-   linear term At
the field behind the object 0 not only jective [err]  on a transmission
object 0 and how the ra-  has acquired the linear field term E(r) shown in
Fig. diation through the object is concentrated by a sec-  1 c but also a
non-linear field term AE(r). This term is ond objective [err] on a
radiation-sensitive detector D.  given by The variation of the far field
E(p) which is passed by   15           [err] the objective [err] as a
function of the radius p is shown  hence by in Fig. 1b. This field has a
constant value [err] within the        [err] numerical aperture NA of the
objective and is equal   and is shown in Fig. 1 i. The term AE(r)
represents a to zero outside it. The objective [err] constitutes a dif-
radiation spot with negligible side lobes whose half- fraction-limited
radiation spot S on the object 0, the   20   value width FWHM' is
considerably smaller, 0.42 field E(r) (Fig. lc) having the known Airy
distribution  [err] in the given model than that of the radiation spot
which is given by the function [err] in which [err] is  which is
represented by the field term E(r) in Fig. 1c. the first-order Bessel
function. This radiation spot  The resolving power of the first-mentioned
radiation consists of a central bright circle and several rings  spot is
larger than that of the last-mentioned spot The surrounding it and having a
weaker, outwardly de-   25   Fourier-transformed AE(p) of the field term
AE(r), or creasing field strength. Fig. lc also shows the half-  the
non-linear contribution to the far field at the loca- value width FWHM of
the radiation spot i.e. the dis-  tion of the detection aperture, is given
by the convo- tance between the points where the field strength is  lution:
equal to half that in the centre of the spot. This FWHM        [err] is,
for example 0.71 [err] which [err] is the wavelength   30  in which E(p) is
equal to the field f ield of the homog- of the radiation used.
neously filled Airy circle. The object 0 is assumed to be a homogeneous
As is shown in Fig. lj AE(p) is more extensive layer so that the
transmission t is independent of the  than E(p). In the example considered
E(p) ranges position of the spot S on the object (Fig. ld). If this lay-
from -NA to +NA, whilst AE(p) ranges from -3 NA to er is a linear layer,
i.e. the transmission is not influ-  35   +3NA. By convolution of the far
field term AE(p) with enced by the incident radiation, the f ield [err]
behind  the detection aperture, the aperture of the objective the layer has
the same shape and the same half-value  [err], the non-linear portion of
the modulation transfer width as the field E(r) incident on the layer as is
shown  function AMTF is obtained which is shown in Fig. 1 k. in Fig. 1e.
The field at the location of the detection  For the given model the cut-off
frequency [err] of AMTF aperture of the objective L2, also referred to as
the far  40  is twice as high as the cut-off frequency [err] of a con-
field of the object, is the Fourier-transform E(p) of  ventional
diffraction-limited optical scanning system. E(r), the Inverse of the
transformation which is         If the radiation from the object 0 is
received by brought about by the objective [err] The said far field is  one
detector D, the functions according to Figs. 1g shown in Fig. If. For the
sake of simplicity it is as-  and 1kareaddedsothata
resultantmodulationtrans- sumed that the numerical aperture of the
objective [err]   45  fer function [err] is obtained which has a cut-off
fre- is equal to the numerical aperture NA of the objective  quency of
[err]. The optical scanning apparatus thus L1. This situation occurs inter
alia when reading a re-  has acquired an increased resolving paper although
fleeting record carrier. The modulation transfer func-  the size of the
scanning spot S is not reduced. This tion MTF is obtained by convolution of
the far field  phenomenon is referred to as superresolution. with the
detection aperture. This function, which is  50  The nature of the
non-linear effect is irrelevant for shown in Fig. Ig, has a cut-off
frequency [err] which is  the superresolution effect itself. At may be
large or equal to [err] for the case considered.              small,
positive or negative or even complex and ani- If the object 0 is a layer of
non-linear material, its  sotropic, as will hereinafter be explained.
Anisotropic transmission changes under the influence of the en-   is
understood to mean that the effect depends on the ergy of the scanning beam
b. This energy is given by   55   polarisation direction, or the direction
of the E vector E(r)[err] in which E*(r) is the complex conjugate of  of
the radiation. The nature of At is Important only for E(r). Foran object of
non-linear material the transmis-  spatial frequencies in the object which
are smaller sion t(r) is given in a first approximation by:       than
[err] If the non-linear portion in the frequency 8    
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[err] is added to the linear portion and if  intermediate areas in the
track direction. The modu- the phase of the non-linear effect is opposed to
that  lated scanning beam is reflected by the information of the linear
effect, a local minimum in the resultant  plane in the direction of the
source 10. Abeam splitter transfer function [err] is produced, as is shown
in  15, for example a prism having a semi-transparent Fig. 2.
5   face 16 is arranged between the source and the ob- The object which is
scanned is of course not ho-  jective 11, which prism passes a part of the
reflected mogeneous, as has been assumed in the foregoing,    beam to a
radiation-sensitive detector 17. This detec- but it has a given structure.
In the case of an optical  tor then supplies an electric signal [err] which
is modu- record carrier this structure comprises a pattern of in-  lated in
accordance with the information which has formation areas. Fig. 3 shows a
portion of such a re-  10   been read. cord carrier in a plan view. A large
number of informa-  The structure consisting of information areas can tion
tracks 3 which are separated from one another  be considered as a
two-dimensional diffraction grat- by informationless intermediate lands 4
is present in  ing splitting the incident scanning beam into a non- the
information plane 2 of the record carrier 1. The in-  diffracted zero-order
sub-beam, a plurality of first- formation tracks may be concentrical tracks
or quasi-  is  order sub-beams and a plurality of higher-order sub-
concentrical contiguous tracks constituting one spiral  beams. Only the
first-order sub-beams are important track. The information tracks 3 are
composed of infor-  for the present invention because the energy of the
mation areas 5 alternating in the track direction with  higher-order
sub-beams is only small. intermediate areas 8. The information structure
may     Fig. 5a is a cross-sectional view of a linear grating be a
so-called phase structure and may comprise pits  20   g. This grating is
exposed with a beam b from an ob- sunk in the information surface or hills
located on this  jective only the pupil p of which is shown. The grating
surface. Such a structure influences the phase of the  g reflects the beam
and splits it into a zero-order sub- radiation incident thereon. The
information areas may  beam b(O), a +1-order sub-beam b(+1), a -1-order
also be distinguished from the rest of the information  sub-beam b(-1) and
a plurality of higher-order sub- surface in that they have a different
reflection or  25   beams not shown. The sub-beams b(+1) and b(-1) are
transmission coefficient. When reading such infor-  diffracted at angles +a
and -a, respectively. Fig. 5b mation areas, the amplitude of the scanning
beam is  shows the cross-sections of the beams at the location varied.
Furthermore the information areas may com-  of the pupil. prise magnetic
domains whose magnetisation direc-      The sub-beam b(O) which in the
absence of a tion is opposed to that of the surroundings. In that  30
non-linear effect has the same angular aperture [err] case a
magneto-optical record carrier is concerned  and the same direction as the
incident beam b entirely which can be read by using the polarisation
rotation,  falls within the pupil and is passed on to the detector orthe
Kerreffect, in the scanning beam caused by the  (17 in Fig. 4) in the case
of an optical scanning appa- areas. In all these cases the information is
encoded  ratus with which the information grating g is read. The in the
succession of information areas in the track di-  35  zero-order sub-beam
does not comprise information rection.
about the succession of the information areas and in- Fig. 4 shows a
portion of the record carrier I in a  termediate areas. This information is
especially pres- radial cross-section and it shows diagrammatically a  ent
in the first-ordersub-beams b(+1), b(-1). Of these read apparatus for this
carrier. The information sur-  sub-beams only the portions denoted by the
shaded face 2 is reflective and the substrate 7 of the record   40   areas
[err] fall within the pupil. When reading carrier is transparent so that
the information can be  the information, the phase variations in the
sub-be- read with a scanning beam b which passes this sub-  ams b(+1) and
b(-1) with respect to the zero-order strate twice. The beam b is supplied
by a radiation  sub-beam are used. In the areas [err] in Fig. source 10,
for example a semiconductor diode laser  5b the first-order sub-beams
overlap with the zero- and is focused by an objective 11 to a scanning spot
45   order sub-beam and interferences occur. The phases S on the
information plane 2. The objective 11 may be  of thefirst-ordersub-beams
changewhen moving the preceded by a collimator lens 12 which converts the
scanning spot over an information track. Conse- diverging beam from the
source into a parallel beam  quently, the Intensity of the total radiation
passing having such a cross-section that the pupil of the ob-  through the
objective and received by the detector jective 11 iswell filled and the
scanning spot S isa dif-  50  changes. fraction-limited radiation spot of
minimum dimension.   If the centre of the scanning spot coincides with One
track revolution can be scanned by rotating  the centre of an information
area, for example a pit, the record carrierwith the aid of a shaft 13
projecting  there is a given phase difference [err] between a first-
through the central opening 14. All tracks orthe entire  order sub-beam and
the zero-order sub-beam. This spiral track can be scanned by radially
moving the   55   phase difference is also referred to as phase depth of
scanning spot and the record carrier with respect to  the information
structure. If the scanning spot moves each other. The scanning beam is
modulated in accor-  from a first information area to a second area, the
dance with the succession of information areas and  phase of the +1-order
sub-beam increases and this 9    
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by [err] at the moment when the      as large as the distances AD and AE,
respectively, so centre of the scanning spot has arrived in the centre
that the cut-off frequency is increased by a factor of of the second
information area. The phase of the -1-  two in the given model when a
non-linear effect oc- order beam simultaneously decreases. The phases of
curs. the first-order sub-beams with respect to those of the   5  It
follows also from Fig. 5c that when using a larg- zero-order sub-beam can
thus be represented by       er detection aperture, hence a larger pupil
p', there [err]                      the situation of no overlap within
this pupil between the first-order sub-beams and the zero-ordersub-be-
[err]                    am occurs only at even larger outward movements of
10  the centres B and C of the first-order sub-beams in which x is the
position in the tangential direction of  [err], so that the cut-off
frequency be- the scanning spot and [err] is the local tangential period
comes even larger. of the information structure. The electric output sig-
Due to the larger width of the sub-beams [err] nals of two detectors
arranged behind the transition  [err] the energy of these beams in the
areas [err] can then be represented by    15   overlap areas is smaller
than that of the sub-beams [err]          b(O), b(+1) and b(-1) in the
overlap areas OV1 and [err] in Fig. 5b. The amplitude of the
superresolution signal is therefore smaller than that of the information
[err]                signal [err] which is obtained in the conventional
manner The information signal [err] Is obtained by adding these   20   but
is still sufficiently large to enable reading. Only at detector signals:
non-linear effects with very small dimensions, which [err]
would be required for reading very small information areas (for example
smaller than 0.2 [err] the sub-be- The above applies only as long as there
is still an  ams could "blow up" to such an extent that the infor- overlap
between the sub-beams b(+1) and b(-1) on   25   mation signal would acquire
a too small signal-to-noi- the one hand and b(0) on the other hand. The
angle   se ratio at an acceptable energy of the scanning a at which the
first-order sub-beam is diffracted is  beam. given by sin [err] in which f
is the spatial fre-  It is important for the present invention that the
quency of the grating g or the local spatial frequency  non-linear optical
effect is present in the immediate of the information structure. There is
no longer any   30  vicinity of the information structure or in the
informa- overlap if [err]. Since sin [err] = NA, the classical cut-  tion
layer itself in order that the beam is effectively off frequency [err] is
given by:                        narrowed in the plane of the information
structure. In [err]                   other words: the non-linear layer
must be present This applies if the medium which is in front of the  within
the depth of focus of the information structure, information structure is a
linear medium such as air  35   whilst the depth of focus is related in a
first approxi- or glass and if the angular aperture of the first-order
mation to thatof the objective with which the scanning sub-beam is equal to
thatof the zero-ordersub-beam.  spot is formed on the information
structure. Since the If, as proposed in the present invention, a non-linear
effective scanning spot is smaller than the diffrac- medium is arranged in
the immediate vicinity of the in-  tion-limited spot, the desired tolerance
for the posi- formation structure, and if the radiation beam has the   40
tion of the non-linear layer is smaller than the depth energy distribution
shown In Fig. 1c so that a tempor-  of focus which is related to the
diffraction-limited ra- ary non-linear effect is created in the path
traversed  diation spot. The non-linear layer may be present in by the
scanning beam, the energy distribution in the  front of the information
structure but also behind it if far field of the Information structure will
be more ex-  the scanning beam passes through the information tensive, as
is shown in Fig. 1j. This means that the   45  layer. In the latter case
the beam modulated with the zero-order and the first-order sub-beams have
be-    information can be either passed to a detector on the come wider, as
is shown in Fig. 5c by means of the   rear side of the record carrier or it
can be reflected circles [err]. Whilst In the situa-  alongside itself. The
reflection layer required for this tion of Fig. 5b the cut-off frequency is
reached if the  purpose may be a non-linear layer. centres B and C of the
sub-beams b(+1) and b(-1) are  50  The desired non-linear effect can be
realised in shifted to D and E, respectively, the cut-off frequency
various manners, using various types of non-linear in the situation of Fig.
5c is not achieved until B and  optical layers. The present invention
therefore also C have moved to D' and E', respectively, in the case
relates to a number of novel optical record carriers of an equal size of
the detection pupil P because only  provided with such layers. then there
is no overlap within the pupil p of the first-  55  A first embodiment of
such a record carrier is ordersub-beam [err] with the zero-order    shown
in a tangential cross-section In Fig. 6. The in- sub-beam [err] The
distances AD' and AE' are twice  formation structure in the information
plane 2 com- prises pits 5 having, for example a variable length and 10    
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the track direction t with intermediate  is present in front of the
information structure, for areas 6. Areflecting layer20 is provided on this
struc-  which material it has previously been proposed to use ture. This
layer may be coated with a protective layer  it as an optically inscribable
material, hence in an in- 21. A non-linear layer 22 whose transmission is
in-  formation layer. These materials, examples of which creased if the
incident radiation has a given intensity   5   are GaSb and InSb, have the
property that they level is provided between the transparent substrate 7
change from the amorphous to the crystalline state, and the reflecting
information structure. The material  or conversely when they are irradiated
with light of a of the layer 22 and the energy distribution within the
sufficiently high intensity. The  complex refractive in- scanning spot S
are chosen to be such that the trans-  dex then changes so that a written
area has a differ- mission is increased mainly in the central area S' of
10   ent reflection or transmission coefficient than its sur- the radiation
spot S. A sub-radiation spot S' is then  roundings. It has been found that
the complex refrac- produced with which information pits 5 which are con-
tive index of this type of materials is temperature de- siderably smaller
than the radiation spot S can be    pendent to such an extent that, even in
the case of ir- read. It is also possible for the transmission to be de-
radiation with an intensity remaining below the level creased in the
central area S' of the radiation spot.  15   at which the conversion from
amorphous to crystal- Then the non-linear effect has a different sign.
line or conversely occurs, there is a sufficiently large As is shown in
Fig. 7 a layer 22 with variable    variation of the complex refractive
index to enable transmission may be alternatively provided behind
layers of these materials to be used as non-linear lay- the information
plane 2. The reflecting layer20 is then  ers in the sense of the present
invention. In the em- provided on the layer 22. The layer 22 in Fig. 7 may
20   bodiment of Fig. 9 such a phase change layer 30 is be alternatively a
reflecting layer whose reflection  provided in front of the information
layer 2. The layer coefficient is locally changed by the incident radia-
30 ensures again that the scanning spot S is effec- tion. In that case the
reflecting layer 20 can be dis-  tively limited to a sub-scanning spot S'
with which the pensed with.
sub-micron areas 5 can be read. The layer 22 may be a "bleaching layer" ora
layer   25  Such a phase change layer may also be provided having a
saturating dye whose transmission for a giv-  behind the information layer
2 as is shown in Fig. 10. en wavelength increases with an increasing
intensity.  The layer 31 may then function as a reflecting layer The layer
22 may be alternatively a layer of a so-cal-  whose reflection coefficient
is locally, within an area led bistable optical material. In Fig. 8the
transmission  S' which is smaller than the scanning spot S, in- (T) of such
a material is shown as a function of the in-  30   creased, for example, by
the scanning radiation. tensity (I). Below a given intensity [err] the
layer has a   The so-called expansion layers are also suitable relatively
small transmission [err]. As soon as the inten-  as non-linear layers for
forming a temporary non-lin- sity exceeds the threshold 1, the transmission
step-  ear optical effect. European Patent Application No. wise increases
to T2 and further remains constant,    0,136,070 describes the use of such
a layer as an in- even with an increasing intensity. If the intensity is
de-   35  scribable layer in an optical record carrier. Then the creased
again to below [err] the transmission stepwise  expansion layer is fixedly
adhered to a second layer, decreases to [err]. The T-l characteristic curve
shows   the so-called retention layer. By irradiation with laser a
hysteresis.                                         pulses in accordance
with the information to be writ- The advantage of the bistable optical
materials   ten information areas in the form of surface uneven- and other
materials which are not based on a thermal  40   nesses can be written in
the expansion layer because effect is that they are quickly reversible so
that the  this layer has a large thermal coefficient of expan- non-linear
optical effect has disappeared substantial-  sion. Furthermore, this layer
has a low glass transi- ly immediately after the radiation spot has disap-
tion temperature. The unevennesses are passed on peared, resulting in an
optimum superresolution ef-  to the retention layer which has a relatively
low coef- fect.                                            45  ficient of
expansion and a glass transition tempera- Figs. 6 and 7 show that the layer
22, for example  ture above room temperature. After the laser pulse a
bleaching layer has one flat side and therefore does  has disappeared, the
surface unevennesses contin- not follow the profile of the information
structure.  ue to exist because the retention layer prevents the When using
a thinner layer 22 which is provided, for  expansion layer from assuming
its original shape. example byvapourdeposition orsputtering, this layer  5o
To obtain superresolution, only the expansion can follow the said profile.
The two possibilities occur  layer 32 in Fig. 11 can be used as a
non-linear layer. not only in the case of layers whose transmission is  The
energy distribution within the scanning spot S increased, but also in other
non-linear layers which  and the material parameters of the layer 32,
notably will be described hereinafter.                        the thermal
coefficient of expansion, are adapted to Fig. 9 shows an embodiment of the
record carrier  55   each other in such a way that the unevenness 33 is in
which a variation of the refractive index Is utilised  smaller than the
scanning spot so that there is again for creating a temporary non-linear
effect. For exam-  a discrimination within this spot and thus a smaller
pie, a layer 30 of a so-called phase change material  scanning spot S' is
effectively formed.    21                  EP 0 343 727 B1
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The unevenness 33 will not immediately disap-   obtain an optimally
combined non-linear and reso- pear after the radiation spot S has left the
relevant  nance effect, it must be ensured that both for the non- position,
but it will gradually decrease with respect to  linear layer and for the
pack of layers the product n.d. time because heat must be dissipated. This
means    and the sum of the products [err] of all layers is such that in
the record carrier an elongate deformation be-   5   that the corresponding
working point Wp on the curve coming smallertowards the rearmoves along
with the  in Fig. 15 is located at the area where this curve has scanning
spot over the surface of the layer 32 as is  a maximum slope. In practice
this means that n.d. is illustrated in Fig. 12. Now this spot narrows and
the  unequal to [err],in which N is an integer, because for steepness of
the edge increases only on the front side  [err] the curve will exhibit
extrema E. Fora reflecting as viewed in the direction of movement VS of the
10  pack of layers the reflection as a function of n.d. and scanning spot,
compare S and S' in Fig. 12. The sig-  [err] has a similar variation as the
transmission of a nal-to-noise ratio of the superresolution signal is
transparent pack of layers and similar considerations therefore smaller
than when using non-linear optical  are valid. materials in which the
non-linear effect disappears    In the embodiments described the
information substantially simultaneously with the scanning spot.  15
structure is a phase structure, which is read on the The non-linear optical
effect which is realised by  basis of the phase difference introduced in
the read means of the layers 22, 30, 31 and 32 in the Figs. 6,  beam by the
information areas which may comprise 7, 9, 10 and 11 can be increased by
having each of  not only pits but also hills on the information surface.
these layers form part of a packof layers in the record  However, the
information structure may alternatively carrier which pack functions as a
resonance struc-  20  be an amplitude structure, which likewise as the
ture. The other layers of the packet may be constitut-  phase structure,
can be read both in reflection and in ed by layers which are already
present in the record  transmission. The information areas then have a dif-
carrier, such as an information layer, a reflecting lay-  ferent reflection
or transmission coefficient than their er, separation layers and the like,
dependent on the  ambience. structure of the record carrier.
25      In the record carriers described the information However, it is
alternatively possible to add a res-  structure is a permanent structure
which can be read onance layer pack as a whole to the record carrier.
only. The information areas are smaller than those of Fig. 13 shows an
example of such a pack of layers 24  the known record carriers. The
manufacture of such which serves as a composite reflecting layer. The
record carriers is readily possible by means of known pack of layers 24
comprises a sub-layer [err] of a non-  30  techniques. It is true that a
radiation source, for ex- linear optical material. The local reflection
coefficient  ample a laserwith a shorterwavelength must be used of the pack
of layers is relatively low as long as it is  then and the writing
objective mustthen have a larger not impinged by radiation on the relevant
position. If  numerical aperture, but this is no drawback because a
scanning spot is incident on this position, the ref rac-  the information
need only be inscribed once In a so- tive index of the sub-layer [err]
changes so that the re-  35  called Master disc. A very large number of
copies of flection of the composite layer 24, mainly where the  the Master
disc can be manufactured by means of scanning spot has a high energy, i.e.
In the centre of  known pressing or replica techniques. The write ap- the
spot, is increased. Consequently the reflected ra-  paratus may therefore
be more expensive and it may diation appears to be coming from a radiation
spot S'  be equipped with a gas laser having a short wave- which is
considerably smaller than the scanning spot  40  length and a write
objective having a large numerical S.
aperture and a small depth of focus. However, the in- It is alternatively
possible to reduce the reflection  vention may also be used when inscribing
the master in the centre of the scanning spot so that the energy  disc so
as to be able to write the sub-micron informa- in the centre S' is smaller
than outside it. As already  tion areas with simpler apparatuses or to
write even noted, it is only important for the superresolution that  45
smaller information areas with the same apparatus- there is a discontinuity
in the scanning spot and that  es. the nature of the discontinuity is not
so important    Fig. 16 shows a part of a master record carrier in A
resonance layer packet may also be provided    a tangential cross section.
In principle, this master in front of the information structure as is shown
in Fig.  comprises a substrate 40 and a radiation-sensitive 14. The pack 25
is now constituted such that at a suf-  50  layer 41. According to the
invention a non-linear opt- ficiently high energy of the incident
radiation, the  ical layer, for examplea bleaching layer23 is provided
transmission is increased or decreased by varying   on the layer 41. A
write beam b', which is intensity- the refractive index of one or more of
the sub-layers  modulated in accordance with the information to be [err].
written and which is focused to a diffraction-limited For a transparent
layer the transmission as a   55  radiation spot S by means of an objective
system not function of the optical thickness n.d, In which n is the  shown,
increases the transmission of the layer 23 refractive index and d is the
geometrical thickness,  within an area which is smaller than the spot S.
Con- has for example a variation as is shown in Fig. 15. To  sequently the
photo-sensitive layer is exposed with a 12    23                  EP 0 343
727 B1                  24 



radiation spot S' which is smaller than S and also the  er in which holes
which do not reflect or reflect to a information areas are correspondingly
smaller. After  lesser extent can be formed by means of a write the entire
master record carrier has been scanned by  beam. the write beam, the layer
23 is removed and the ex-    The layer 42 may alternatively comprise a
phase posure pattern is converted by means of a known de-   5   change
material in which a write beam locally estab- veloping and etching process
into a relief pattern  lishes a transition from the amorphous to the
crystal- which is suitable for replication.                 line phase, or
conversely and hence a change of the In addition to the embodiments shown
in Figs. 6,  refractive index (or reflection coefficient) so that the
7,9,10,11, 13 and 14 all of which relate to record car-  written
information areas are distinguished from their riers having a permanent
information structure, the   10  ambience by a different transmission or
reflection. invention can be alternatively used in record carriers  The
phase change material is also suitable for which can be written by a user
himself. The inscrib-  writing and erasing information several times. The
in- able record carriers are preferably provided by their  formation which
is written with a radiation beam of manufacturers with a servo-track
structure in the   high intensity is then read with a radiation beam of a
form of a spiral track or a plurality of concentrical  .15  lower intensity
than that of the write beam, whilst tracks. These tracks may be completely
blank. When  erasing Is effected at an intensity between the inten- writing
information the position of the write spot with  sity of the write beam and
that of the read beam. In respect to the servo-tracks can be detected and
re-  practice the write, read and erasing functions can be adjusted so that
this spot accurately follows the ser-  performed by one beam which can be
switched be- vo-tracks. This has the advantage that the write/read   20
tween three different intensity levels. apparatus of the user need not be
provided with very   The inscribable information layer comprising a
accurate and expensive mechanical positioning and   phase change material
can be combined with a non- guiding mechanisms. The servo-tracks may also
linear layer also comprising a phase change material. comprise address
information to enable writing and  However, it is alternatively possible
that the record reading at arbitrary positions on the record carrier. If
25  carrier comprises only one phase change layerwhose the inscribable
record carriers are intended for re-  properties are used both for writing
the information cording a user program a part of which is the same for  and
for generating a non-linear optical effect during all users, this part, or
the standard information, may  reading. be prerecorded so that a user only
needs to complete   Fig. 18 shows another embodiment of a record it with
his own specific information.          30  carrier which can be inscribed
and erased several Theservo-trackstructure,orgenerallythe prere-   times.
The inscribable layer 44 comprises a double corded permanent information
can be provided via a  layer of an expansion layer 45 and the retention
layer mastering and replication process on a carrier which  46 in which an
information area in the form of an un- is subsequently provided with an
inscribable layer.  evenness 47 can be written by means of a laser beam The
master record carrier may be provided with a non-  35   having a first
wavelength. The information can be linear optical layer such as a bleaching
layer, as de-  read or erased by means of a beam having a low in- scribed
with reference to Fig. 16, so that also the ser-  tensity and erased by
means of a beam having a sec- vo-tracks can be narrower and the possible
address  ond wavelength. and information areas can be smaller than has
hither-  With a suitable choice of the parameters of the to been
conventional.                          40  expansion layer this layer may
not only be used as an A record carrier with a servo-track structure is
information layer but also as a layer for creating a provided with a layer
of inscribable material and, ac-  non-linear optical effect. When reading
the informa- cording to the invention also with a non-linear layer.  tion
areas in the form of unevennesses in the expan- Fig. 17 shows a portion of
such a record carrier in a  sion layer, a temporary small variation is
provided in radial cross-section. The servo-tracks are denoted by   45
such an unevenness by means of the read beam, 3' and the intermediate lands
are denoted by 4. The  which variation disappears at a later stage so that
the reference numeral 42 denotes the inscribable layer  uneveness regains
its original shape and the informa- and 43 denotes the non-linear layer.
This layer is not  tion Is maintained. only used for reading with
superresolution but also for  The material of the said expansion layer
which is forming information areas during writing, which areas   50   a
rubber-like material may not only be used as an in- may be considerably
smaller than the write spot S.  scribable and erasable material but also as
a material These information areas can be written in the servo-  for the
information layer in a record carrier having a tracks 3' as is shown in
Fig. 17, but also in the inter-  permanent information structure. A first
possibility, mediate lands 4. Moreover, the servo-tracks may be  as shown
in Fig. 19, is for the information to be laid both grooves in the substrate
surface and ridges on   55   down in information pits 5 which are filled
with the this surface.                                       said
rubber-like material 48. When reading this infor- The once inscribable and
non-erasable layer 42  mation structure, the material in the pits is
temporar- may be an ablative layer, for example a reflecting lay-  ily
deformed (49) so that a discontinuity within the ra- 13    25
EP 0 343 727 B1                  26 



diation spot S is created and a non-linear effect oc-  Kerr rotation. The
beam reflected by the record carri- curs.
erand having a modulated polarisation direction, is di- It is also possible
to provide a permanent informa-  rected towards the detection branch, for
example by tion structure in a rubber-like layer as is shown in Fig.  means
of a beam-splitting prism 61. This branch com- 20. In this Figure the
rubber-like information layer is   5   prises a [err] plate 62 whose
principal axis extends at denoted by the reference numeral 50 and the
informa-  an angle of 22.50 to the original polarisation direction tion
areas are denoted by the reference numeral 5. A  of this beam. Consequently
the polarisation plane is second rubber-like layer 51 which deforms more
rotated through 450 with a modulation of  [err] A polar- easily than the
layer 50 may be provided on the infor-  isation-sensitive beam splitter 63
splits the beam into mation layer. When reading the information, the read
10  two mutually perpendicularly polarised sub-beams radiation temporarily
deforms the layer 51 at the loca-  which are received via the lenses 64 and
65 by the de- tion (52) of the scanning spot S so that a non-linear
tectors 66 and 67. The angular modulations  [err]  are optical effect is
obtained again.                   then converted into amplitude modulations
on the de- Each of the inscribable information layers descri-  tectors.
Since their phases are opposed, the differ- bed so far the ablative layer,
the phase change layer  15  ence signal is an accurate read signal. and the
expansion layer can be combined with each      The portion of the beam
reflected by the record of the said non-linear layers: a layer having a
chang-  carrier and passed by the prism 61 may be directed ing
transmission, a phase change layer or an expan-  by a further beam splitter
68, such as a semi- sion layer. The non-linear layers may be provided
transparent mirror, to a further detection branch 69 in both in front of
and behind the information layer and   20   which tracking errors and
focusing errors can be de- may form part of a pack of layers in the record
carrier,  tected both during writing and during reading. which pack forms a
resonance structure.                 To erase the record carrier, the
external magnetic Another embodiment of an inscribable and eras-   field is
reversed over so that it acquires the same di- able record carrier is the
magneto-optical record car-  rection as the premagnetisation of the
magneto-opt- rier comprising a substrate, a previously provided ser-  25
ical layer 55 and the record carrier is exposed with a vo-track structure
and a magneto-optical layer. Such  contiguous beam. Consequently the
written domains a record carrier and a write and a read apparatus for
regain their original direction of magnetisation. this carrier, described
in Philips Technical Review,    For further particulars of the record
carrier and Vol. 42, No. 2, August 1985, pages 37-47 are shown  the
detection methods and apparatuses therefor ref- diagrammatically in Fig.
21.                   30  erence is made to ''Philips' Technical Review",
Vol. The servo-tracks of the record carrier I are de-  42, No. 2, pages
37-47. noted by the reference numeral 3'. The reference nu-   The invention
advantageously utilises the fact meral 7 denotes the substrate and 55
denotes the    that the said Kerr rotation is greatly dependent on the
magneto-optical layer. A radiation beam b coming    temperature for certain
magneto-optical materials from a source 10, for example a semiconductor
diode   35  such as a gadolinium terbium-iron-cobalt compound. laser is
converted by a collimator lens 12 into a par-  Due to the energy
distribution within the diffraction- allel beam and focused by the
objective system 11 to  limited scanning spot a portion of the scanning
spot a diffraction-limited scanning spot S' in the magneto-  will
experience a different Kerr rotation than the rest optical layer 55. The
irradiated area of this layer is  of the spot. The result is that a
discrimination within present in a magnetic field which is generated by a
40  the scanning spot is established again. magnet coil 60. The
magneto-optical layer is premag-    Magneto-optical reading may not only be
based netised in a direction perpendicular to the surface of  on Kerr
rotation but also on a variation of the ellipticity the record carrier.
of the read beam polarisation. This variation is also During writing the
radiation beam is intensity  temperature dependent for certain
magneto-optical modulated in accordance with the information to be   45
materials so that the invention can also be used in written. When moving
the record carrier and the radi-  magneto-optical record carriers using the
variations ation spot S' relative to each other, the magneto-opt-  in
ellipticity of the polarisation caused by the magnet- ical layer is heated
at certain positions In such a way  ic domains. that the direction of
magnetisation is reversed in the  Use of the invention enables magnetic
domains direction of the external magnetic field which is op-  so  to be
read which are smaller than has hitherto been posed to the direction of
premagnetisation.         conventional. These small magnetic domains can be
When reading these written information areas in  obtained by means of a
special way of writing, which the form of magnetic domains, the record
carrier is ex-  is illustrated in Fig. 22. It is assumed that the write
posed with a continuous beam having a lower inten-  spot S moves to the
right at a speed V relative to the sity than the write beam. The magnetic
domains  55  track portion 3 to be written of the record carrier and cause
a small rotation of the polarisation direction of  that at the instant to
the centre Sm of the spot is pres- the read beam. This rotation,  [err]
dependent on the  ent at point A. The magnetic field is then directed, for
sign of the local magnetisation, is referred to as the  example, forwards,
perpendicular to the plane of the 14    27                  EP 0 343 727 B1
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drawing and the entire circular surface under the spot  tive 75 can be used
whose central portion 76 is well S is magnetised in that direction. After
the centre of  corrected and whose peripheral portion has a lesser the
radiation spot has moved to B, the magnetic field  quality, as is shown in
Fig. 24. The extra peripheral is reversed. Then the circular area present
under the  portion 77 can collect the radiation diffracted under spot S
acquires an opposite direction of magnetisa-   5   larger angles and in
which the non-linear effect is tion. As it were, a portion of the written
domain with  prominent The beam b supplied by the source 10 and centre A is
erased thereby. The result is that the re-  collimated by the lens 12 only
f ills the central portion maining domain only covers the shaded area D.
The   76 of the objective 75 so that a high-quality scanning length of this
domain is determined by V x t in which  spot S is formed on the information
plane 2. t is the period during which a magnetic field has been   10  The
objective 75 in Fig. 24 may be a single asphe- present in a given
direction. The written domains are  rical lens element or a holographic
lens ora lens hav- thus considerably smaller than the diameter of the  ing
a radially varying refractive index. write spot.
It is of course alternatively possible to arrange an One of the other
above-mentioned non-linear lay-  extra annular lens around a well corrected
conven- ers can also be provided in a magneto-optical record  15  tional
objective. carrier so that the non-linear effect of the magneto-  The part
of the radiation reflected by the record optical layer is increased,
resulting in both writing and  carrier and passing through the central
portion 76 of reading of this record carrier being improved. Fig. 23  the
objective 75 and the part of this radiation which shows an example of such
a record carrier. In this Fig-  is collected by the annular portion 77 can
be received ure the reference numeral 7 denotes a transparent  20   by one
detector 17. substrate on which a servo-track structure denoted      Under
circumstances it may be advantageous to by the tracks 3 is provided. This
structure is coated  detect these radiation parts separately. To this end a
with a dielectric layer 70 of, for example Aluminium  second beam splitter
78, for example in the form of a Nitride. The magneto-optical layer 55 is
present on  plate having a radiation transmitting central portion this
layer. The layer55 is followed by a second dielec-  25   79 surrounded by a
reflecting portion 80 may be ar- tric layer 71 also comprising, for example
Aluminium  ranged in the radiation path behind the first beam Nitride. This
layer carries a reflecting non-linear opt-  splitter 16. Now only the
radiation passing through ical layer, for example a phase change layer 31.
the central portion 76 of the objective 75 reaches the It is of course
alternatively possible to use only  original detector 17, whilst the
radiation passing the non-linear effect of an extra layer such as the lay-
30  through the annular lens portion 77 is detected by a er 31 in Fig. 23
in a magneto-optical record carrier in  separate, for example annular
detector 81. If the non- which the magneto-optical material is not so much
de-  linear effect introduces a phase which is opposed to pendent of
temperature.                             that of the linear effect so that,
as shown in Fig. 2, the The signal-to-noise ratio of the signal read from
modulation transfer function would have a local mini- a magneto-optical
record carrier can be increased by   35   mum, this arrangement provides
the possibility of increasing the intensity of the read beam. Such an in-
compensating forthis minimum by subtracting the de- tensity increase is
also favourable when writing the  tector signals from each other instead of
adding them magnetic domains.                                   together.
Moreover, the superresolution signal can The record carriers according to
the invention  then be detected separately and the apparatus is also can be
read and written with known scanning appa-  40  suitable for scanning
conventional, linear record car- ratuses in which the detection aperture is
in principle  riers. equal to the aperture of the objective with which the
scanning spot is formed. According to a further aspect ofthe invention the
detection aperture is considerably  Claims larger than the aperture of the
objective. The super-  45 resolution effect can then be utilised to an
optimum  1. A method of optically scanning an information extent.
plane (2) by means of a scanning beam (b) which For an apparatus intended
for scanning a record     is focused to a scanning spot (S) on the informa-
carrier in transmission the detection aperture can be  tion plane, said
scanning spot and the carrier (1) increased without any problem because the
part of  50  of the information plane being moved relative to the optical
system which is present behind the record  each other so that the scanning
spot scans the in- carrier on the side of the detector need not have any
formation plane, characterized in that use is imaging quality and only
needs to collect radiation.   made of When scanning a reflecting record
carrier the re-      - a principally diffraction limited scanning flected
radiation can only reach the detector via the   55  spot(S) having a
surrounding portion (S-S') objective which must form the
diffraction-limited ra-       and a central portion (S') having an intensi-
diation spot and which must have a high optical qual-       ty higher than
the intensity of said sur- ity. According to the present invention a larger
objec-     rounding portion; and of 15    27                  EP 0 343 727
B1                   28 



drawing and the entire circular surface underthe spot  tive 75 can be used
whose central portion 76 is well S is magnetised in that direction. After
the centre of  corrected and whose peripheral portion has a lesser the
radiation spot has moved to B, the magnetic field  quality, as is shown in
Fig. 24. The extra peripheral is reversed. Then the circular area present
under the  portion 77 can collect the radiation diffracted under spot S
acquires an opposite direction of magnetisa-   5   larger angles and in
which the non-linear effect is tion. As it were, a portion of the written
domain with  prominent. The beam b supplied by the source 10 and centre A
is erased thereby. The result is that the re-  collimated by the lens 12
only fills the central portion maining domain only covers the shaded area
D. The    76 of the objective 75 so that a high-quality scanning length of
this domain is determined by V x t in which  spot S is formed on the
information plane 2. t is the period during which a magnetic field has been
10  The objective 75 in Fig. 24 may be a single asphe- present in a given
direction. The written domains are  rical lens element or a holographic
lens ora lens hav- thus considerably smaller than the diameter of the   ing
a radially varying refractive index. write spot.
It is of course alternatively possible to arrange an One of the
otherabove-mentioned non-linear lay-  extra annular lens around a well
corrected conven- ers can also be provided in a magneto-optical record  15
tional objective. carrier so that the non-linear effect of the magneto-
The part of the radiation reflected by the record optical layer is
increased, resulting In both writing and  carrier and passing through the
central portion 76 of reading of this record carrier being improved. Fig.
23  the objective 75 and the part of this radiation which shows an example
of such a record carrier. In this Fig-  is collected by the annular portion
77 can be received ure the reference numeral 7 denotes a transparent  20
by one detector 17. substrate on which a servo-track structure denoted
Under circumstances it may be advantageous to by the tracks 3 is provided.
This structure is coated  detect these radiation parts separately. To this
end a with a dielectric layer 70 of, for example Aluminium  second beam
splitter 78, for example in the form of a Nitride. The magneto-optical
layer 55 is present on  plate having a radiation transmitting central
portion this layer. The layer 55 is followed by a second dielec-  25   79
surrounded by a reflecting portion 80 may be ar- tric layer 71 also
comprising, for example Aluminium  ranged in the radiation path behind the
first beam Nitride. This layer carries a reflecting non-linear opt-
splitter 16. Now only the radiation passing through ical layer, for example
a phase change layer 31.     the central portion 76 of the objective 75
reaches the It is of course alternatively possible to use only  original
detector 17, whilst the radiation passing the non-linear effect of an extra
layer such as the lay-  30  through the annular lens portion 77 is detected
by a er 31 in Fig. 23 in a magneto-optical record carrier in  separate, for
example annular detector 81. If the non- which the magneto-optical material
is not so much de-  linear effect introduces a phase which is opposed to
pendent of temperature.                              that of the linear
effect so that, as shown in Fig. 2, the The signal-to-noise ratio of the
signal read from  modulation transfer function would have a local mini- a
magneto-optical record carrier can be increased by   35   mum, this
arrangement provides the possibility of increasing the intensity of the
read beam. Such an in-  compensating forthis minimum by subtracting the de-
tensity increase is also favourable when writing the  tector signals from
each other instead of adding them magnetic domains.
together. Moreover, the superresolution signal can The record carriers
according to the invention   then be detected separately and the apparatus
is also can be read and written with known scanning appa-  40  suitable for
scanning conventional, linear record car- ratuses in which the detection
aperture is in principle  riers. equal to the aperture of the objective
with which the scanning spot is formed. According to afurtheraspect of the
invention the detection aperture is considerably  Claims larger than the
aperture of the objective. The super-  45 resolution effect can then be
utilised to an optimum  1. A method of optically scanning an information
extent.                                                 plane (2) by means
of a scanning beam (b) which For an apparatus intended for scanning a
record     is focused to a scanning spot (S) on the informa- carrier in
transmission the detection aperture can be   tion plane, said scanning spot
and the carrier (1) increased without any problem because the part of  5o
of the information plane being moved relative to the optical system which
is present behind the record   each other so that the scanning spot scans
the in- carrier on the side of the detector need not have any   formation
plane, characterized in that use is imaging quality and only needs to
collect radiation.    made of When scanning a reflecting record carrier the
re-       - a principally diffraction limited scanning flected radiation
can only reach the detector via the  55    spot (S) having a surrounding
portion (S-S') objective which must form the diffraction-limited ra-
and a central portion (S') having an intensi- diation spot and which must
have a high optical qual-        ty higher than the intensity of said sur-
ity. According to the present invention a larger objec-      rounding
portion; and of 15    29                   EP 0343 727 B1
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- a layer of non-linear optical material           a master for initially
and optically inscribing a (22;30;31;32;24m;25m;23;43;45;48;51) ad-
track-shaped structure and comprising a sub- jacent the information plane
and having a        strate (40) and an information layer (41), charac-
property, which varies as a function of the      terized in that the
information layer (41) is an in- intensity of the incident radiation and
5     scribable layer which is free from information. means in addition to
said layerof non-linear optical material for storing Information in a  7. A
record carrier as claimed in Claim 2, 3, 4, 5 or succession of information
areas (5) in said      6, characterized in that the non-linear optical ma-
information plane (2), said layer of non-lin-    terial Is a material (22)
whose transmission ear optical material reducing the effective   io
changes with a changing intensity of the incident size of the scanning
spot(S).                    radiation (b). 2. An optical record carrier
suitable to be scanned   8. A record carrier as claimed in Claim 7,
character- by means of the method of Claim 1, characterized      ized in
that the material (22) having a transmis- in that said record carrier
comprises:       15       sion which changes under the influence of the in-
- a layer of non-linear optical material           tensity of the incident
radiation (b) is a saturating (22;30;31 ;32;24m;25m;23;43;45;48;51) ar-
dye. ranged within the depth of focus of said in- formation plane (2) and
having a property     9. A record carrier as claimed in Claim 7, character-
which varies as a function of the intensity of   20  ized in that the
material (22) having a transmis- Incident radiation, said property being an
sion which changes under the influence of the in- optical characteristic
which, responsive to      tensity of the incident radiation (b) Is a
bistable scanning of said information plane by a          optical material.
beam of said incident radiation, having a central portion (S') with an
intensity higher   25   10. A record carrier as claimed in Claim 3, 4 or 5,
than that of a surrounding portion of said       characterized in that the
non-linear optical mate- beam (b) of radiation, changes in the por-
rial is a material (30) whose refractive index tion of the layer being
scanned by said cen-     changes when changing the intensity of the inci-
tral portion; and                                dent radiation (b). -
means, in addition to said property of said   30 layer for storing
information as a succes-    11. A record carrier as claimed in Claim 10 in
which sion of information areas (5) in said informa-   the non-linear
optical material is a phase change tion layer (2).
material, characterized in thatthe layer of non-lin- ear optical material
(31) is also the information 3. An optical record carrier as claimed in
Claim 2,   35  layer. characterized in that the information plane (2) is
provided with a permanent information structure    12. A record carrier as
claimed in Claim 3, 4 or 5, which is constituted by information areas (5)
be-     characterized in that the non-linear optical mate- ing arranged in
information tracks (3), said areas    rial is a synthetic material (32)
having a relatively alternating in the track direction with intermedi-  40
high thermal coefficient of expansion. ate areas (6) and being optically
distinguished therefrom.                                        13. A
record carrier as claimed in Claim 5 having an information layer comprising
a magneto-optical 4. An optical record carrier as claimed in Claim 2,
material (55) in which magnetic domains can be suitable to be read and
being inscribable once,   45  written by means of a magnetic field and a
radi- characterized in that the information plane (2)       ation beam (b),
which domains can be read on the has a permanent servo-track structure (3')
for        basis of a change of polarization of a scanning positioning the
scanning spot (S) in the informa-     beam (b), characterized in that the
non-linear lay- tion plane.                                           er is
constituted by a magneto-optical informa- 50      tion layer (55) whose
polarisation change de- 5. An optical record carrier as claimed in Claim 2,
pends on the intensity of the incident radiation suitable to be read and
being inscribable and         (b). erasable several times, characterized In
that the information plane (2) has a permanent servo-       14. A record
carrier as claimed in Claim 13, charac- track structure (3') for
positioning the scanning   55  terized in that a layer of non-linear
optical mate- spot (S) in the information plane (2).                rial
(31) is provided within the depth of focus of the magneto-optical layer
(55). 6. Arecord carrier as claimed in Claim 2 intended as 16    31
EP 0 343 727 B1                  32 15. A record carrier as claimed in
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acterized in that the non-linear optical layer (22;      Schicht aus
nichtlinearem optischen Mate- 30; 31; 32) forms part of a pack of layers
consti-      rial  (22;30;31;24m;25m;23;43;45;48;51) tuting a resonance
structure for the scanning ra-        mit einer Eigenschaft, die als
Funktion der diation.                                    5
Intensitit der einfallenden Strahlung van- lert, und Mittein zusatzlich zu
der genann- 16. A record carrier as claimed in Claim 15, charac-        ten
Schicht aus nichtlinearem optischen terized in that a plurality of extra
layers (24; 24m;    Material zum Speichern von Information in 25; 25m) is
provided which, combined with the            einer Folge von
Informationsgebieten (5) in non-linear layer.(24m; 25m), constitute the
reso-  10    der genannten Informationsebene (2), wo- nance structure.
bei die Schicht aus nichtlinearem optischen Material die effektive GrOle
des Abtast- 17. A scanning apparatus suitable for performing the
flecks (S) reduziert. method as claimed in Claim I and comprising a
radiation source (10), and objective system (75),  15  2.
OptischerAufzeichnungstrager, der geeignet ist, defining a scanning beam
aperture, for focusing     nach dem Verfahren nach Anspruch I abgetastet a
radiation beam (b) from the radiation source to   zu werden, dadurch
gekennzeichnet, dall der a diffraction limited scanning spot (S) on the In-
Aufzeichnungstrager folgendes umfaflt: formation plane (2) of a record
carrier (1) and a      - eine Schicht aus nichtlinearem optischen
radiation-sensitive detector (17) for converting   20    Material (2Z30;31;
24m;25m;23,43,45,48;51), radiation from the information plane and collect-
die innerhalb der Scharfentiefe der ge- ed in a detection beam having a
detection beam           nannten Informationsebene (2) angeordnet (b'r)
aperture, into an electrical signal, character-   ist, mit einer
Eigenschaft, die als Funktion ized in that the detection beam aperture is
larger       der Intensitit der einfallenden Strahlung than the scanning
beam aperture.            25           variiert, wobel die Eigenschaft ein
opti- sches Merkmal ist, das sich in Reaktion auf 18. A scanning apparatus
as claimed in Claim 17, in-        dars Abtasten der genannten
Informations- tended for scanning a reflecting record carrier,
ebene durch ein BUndel der genannten ein- characterized in that the
objective system (75)         fallenden Strahlung, dessen Mittelteil (SI)
comprises a round central portion (76) which is  30     eine hohere
Intensitat aufweist als der um- sufficiently corrected and which has a
sufficient        gebende Teil des genannten Strahlungs- optical quality
for forming the diffraction-limited      bundels (b), in dem von dem
genannten Mit- radiation spot [err] and a contiguous annular por-
telteil abgetasteten Teil der Schicht andert; tion (77) which can receive
radiation from the re-       und cord carrier, and defining the detection
beam   35     - Mittel, zusatzlich zu der genannten Eigen- aperture.
schaft der genannten Schicht, zum Spel- chern von Information als eine
Folge von In- 19. A scanning apparatus as claimed in Claim 18,
formationsgebieten (5) in dergenannten In- characterized in that an extra
detector (81) is pro-     formationsschicht (2). vided for receiving the
radiation passing through   40 the annular lens portion (77).
3. Optischer Aufzeichnungstrager nach Anspruch 2, dadurch gekennzeichnet,
daB die Informati- onsebene (2) mit einer permanenten Informati-
PatentansprOche                                        onsstruktur versehen
ist, die von in Informations- 45      spuren (3) angeordneten
lnformationsgebieten 1. Verfahren zum optischen Abtasten einer Informa-
(5) gebildet wird, wobei die Gebiete in Spurrich- tionsebene (2) mit Hilfe
eines in einen Abtast-     tungmit Zwischengebieten abwechseln und sich
fleck (S) auf der Informationsebene fokussierten    von diesen optisch
unterscheiden. Abtaststrahlenbundels (b), wobei derAbtastfleck und der
Trager (1) der Informationsebene relativ  5o  4. Optischer
Aufzeichnungstrager nach Anspruch zueinander bewegt werden, so dall der
Abtast-       2, der gelesen und einmal beschrieben werden fleck die
Informationsebene abtastet, dadurch       kann, dadurch gekennzeichnet,
dall die Informa- gekennzeichnet, daB folgendes verwendet wird:
tionsebene (2) eine permanente Servospurstruk- - ein prinzipiell
beugungsbegrenzter Abtast-     tur (S') zum Positionieren des Abtastflecks
(S) in fleck (S) mit einem umgebenden Teil (S-S)  55  der Informationsebene
hat. und elnem Mitteltell (S'), dereine h8here In- tensitat aufweist als
der genannte umge-    5. Optischer Aufzeichnungstrager nach Anspruch bende
Tell, und                                2, der gelesen und mehrfach
beschrieben und 17    EP O343727 B1                 34     I |||I||| 11111|
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geloscht werden kann, dadurch gekennzeichnet,      neare %hicht von einer
magnetooptischen Infor- dall die Informationsebene (2) sine permanents
mationsschicht (55) gebildet wird, deren Polari- Servospurstruktur (S') zum
Positionleren des      sationswechsel von der Intensitit der einfallen-
Abtastflecks (S) in der Informationsebene (2)      den Strahlung (b)
abhangt. hat.                                       5 14.
Aufzeichnungstrager nach Anspruch 13, da- 6. Aufzeichnungstrager nach
Anspruch 2, der als       durch gekennzeichnet, daB eine Schicht aus
MasterfOrerstmaliges optisches Beschreibsn e0-     nichtlinearem optischen
Material (31) innerhalb ner spurformigen Struktur bestimmt ist und ein
der Schfirfentiefe der magnetooptischen Schicht Substrat (40) und esne
Informationsschicht (41)  lo  (55) vorhanden ist. enthalt, dadurch
gekennzeichnet, daB die Infor- mationsschicht (41) eine informationsfreie
be-  15. Aufzeichnungstrager nach Anspruch 7-14, da- schreibbare Schicht
ist.                           durch gekennzeichnst, daB die nichtlineare
opti- sche Schicht (20,30,31,32) zu einem Stapel von 7. Aufzeichnungstrager
nach Anspruch 2, 3, 4, 5   15  Schichten geh8rt, der sine Resonanzstruktur
fOr oder 6, dadurch gekennzeichnet, daR das nicht-     die Abtaststrahlung
bildet. lineare optische Material ein Material (22) ist, dessen
Transmission sich mit verindernder In-  16. Aufzeichnungstrager nach
Anspruch 15, da- tensitit der einfallenden Strahlung (b) indert.    durch
gekennzebchnet, dal eine Anzahl zusatzli- 20      cher Schichten (24,24m,
25,25m) vorhanden ist, 8. Aufzeichnungstrager nach Anspruch 7, dadurch
die zusammen mit der nichtlinearen Schicht gekennzeichnet, daB das Material
(22), das eine    (24m, 25m) die Resonanzstruktur bilden. Transmission hat,
die sich unter EinfluS der In- tensitatdereinfallenden Strahlung (b)
andert, ein  17. Zum Ausfihren des Verfahrens nach Anspruch I sattigender
Farbstoff ist.                25       gesignete Abtastvorrichtung mit
einer Strah- lungsquelle (10) und einem eine Abtaststrahlen- 9.
Aufzeichnungstrager nach Anspruch 7, dadurch       biindelapertur
definierenden  Objektivsystem gekennzeichnet, dag das Material (22), das
eine    (75), zum Fokussieren eines aus der Strahlungs- Transmission hat,
die sich unter EinfluB der In-   quelle kommenden StrahlungsbOndels (b) in
ei- tensitat der einfallenden Strahlung (b) andert, ein  30  nen
beugungsbegrenzten Abtastfleck (S) auf der bistabiles optisches Material
ist.                Informationsebene (2) sines Aufzeichnungstra- gers (1)
und einem strahlungsempfindlichen De- 10. Aufzeichnungstrager nach Anspruch
3, 4 odor 5,   tektor (17) zum Umwandeln von von der Informa- dadurch
gekennzeichnet, daB das nichtlineare      tionsebene kommender und in einem
Detektions- optische Material sin Material (30) ist, dessen   35
strahlenbiindel mit einer Debtktionsstrahlenbin- Brechzahl sich bei
Anderung der Intensitat der     delapertur (b'r) gesammelter Strahlung in
ein einfallenden Strahlung (b) andert.                 elektrisches Signal,
dadurch gekennzeichnet, dal die Detektionsstrahlenbiindelapertur grloser
11. Aufzeichnungstrager nach Anspruch 10, in dem      ist als die
Abtaststrahlenbindelapertur. das nichtlineare optische Material sin
Material  40 mit Phasenumwandlung Ist, dadurch gekenn-      18.
Abtastvorrichtung nach Anspruch 17, zum Abta- zeichnet, dall die Schicht
aus nichtlinearem opti-  sten sines reflektierenden AufzeichnungstrI- schen
Material (31) auch die lnfornationsschicht   gers, dadurch gekennzeichnet,
daB das Objektiv- st.                                               system
(75) einen runden Mittelteil (76) hat, der 45      genflgend korrigiert ist
und ausreichende opti- 12. Aufzeichnungstrager nach Anspruch 3,4 odor 5,
sche Qualitit aufweist, um den beugungsbe- dadurch gekennzeichnet, daB das
nichtlineare       grenzten Strahlungsfleck (S') zu bilden, und ei-
optische Material ein Kunststoff (32) mit relativ  non daran anschlielenden
ringformigen Tell (77), grolem Wirmeausdehnungskoeffizient ist.
der aus dem Aufzeichnungstrager kommende 50      Strahlung auffangen kann
und die Detektions- 13. Aufzeichnungstriger nach Anspruch 5 mit einer
strahlenbuindelapertur definiert. Informationsschicht aus magnetooptischem
Ma- terial (55), in das mit Hilfe eines Magnetfeldes  19. Abtastvorrichtung
nach Anspruch 18, dadurch und eines StrahlungsbOndels (b) magnetische
gekennzeichnet, daB ein zusatzlicher Detektor Domanen elngeschrieben werden
k6nnen, die  55      (81) zum Auffangen der durch den ringformigen aufgrund
sines Wechsels der Polarlsation sines     Linsenteil tretenden Strahlung
vorhanden ist Abtaststrahlenbtindels (b) gelesen werden k8n- nen, dadurch
gekennzeichnet, daB die nichtli-    35                  EP 0 343 72781
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6tant optiquement discernables des zones inter- 1. Proced6 pour explorer
optiquement un plan d'in-     m6diaires. formation (2) au moyen d'un
faisceau dexplora- tion (b) qui est focalis6 en un spot d'exploration   5
4. Support d'enregistrement selon la revendication (S) sur le plan
d'information, led it spot d'explora-  2 convenable A btre lu et A etre
inscrit une seule tion et le support (1) du plan d'information 6tant  fois,
caract6ris6 en ce que le plan d'information d6plac6s l'un par rapport A
l'autre de sorts que le  (2) pr6sente une structure de piste d'asservisse-
spot d'exploration explore le plan d'information,   ment permanents (3')
pour positionner le spot caract6rise en ce que I'on utilise:         10
d'exploration (S) dans le plan d'information. - un spot d'exploration (S)
principalement Ii- mit6 par diffraction et pr6sentant une partie  5.
Support d'enregistrement selon la revendication environnante (S-S) et une
partie centrals      2 convenable A etre lu, A etre inscrit et A etre ef-
(S') ayant une intensit6 plus 6levee que oel-  fac6 plusieurs fois,
caract6ris6 en ce que le plan le de la partie environnante; et       15
d'information (2) pr6sentb une structure de piste - une couche en mat6riau
optique non lineai-     d'asservissement pemmanente (31) pour position- re
(22,30,31,32, 24m, 25m, 23,43,45,48,        ner le spot d'exploration (S)
dans le plan d'infor- 51) contigue au plan d'information et pr6-     mation
(2). sentant une propri6te qui vane en fonction de l'intensite du
rayonnement incident St  20  6. Support d'enregistrement selon la
revendication outre ladite couche on mat6riau optique        2 conqu comme
un pbre pour inscrire initialement non lin6aire des moyens pour stocker
dans      et optiquement une structure en forms de pist et ledit plan
d'information (2) de l'information  comportant un substrat (40) et une
couche d'in- dans une serie de zones d'information (5),     formation (41),
caract6rise en ce que la couche ladite couche en mat6riau optique non li-
25   .  d'information (41) est une couche inscriptible n6aire r6duisant la
taille officace du spot    exempte d'information. d'exploration (S). 7.
Support d'enregistrement selon la revendication 2. Support d'enregistrement
optique susceptible        2, 3,4, 5, ou 6, caract6ris6 en ce que le
mat6riau d'Atre explor6 au moyen du procedb de la reven-  30  optique non
lin6aire est un mat6riau (22) dont la dication 1, caract&ris6 en ce que
ledit support    transmission change lorsque change l'intensit6
d'enregistrement comportb:                          du rayonnement incident
(b). - une couche en mat6riau optique non lineai- re (22,30,31,32, 24m,
25m, 23,43,45,48,     8. Support d'enregistrement selon la revendication
51) disposes dans la profondeur de champ   35  7, caract6rise en co que le
materiau (22) presen- dudit plan d'information (2) et presentant     tant
une transmission qui change sous l'influence une propriete qui varie en
fonction de I'in-   de l'intensit6 du rayonnement incident (b), est un
tensite du rayonnement incident, laditb pro-   colorant de saturation.
prifte etant une caract6ristique optique qui, en r6action A l'exploration
dudit plan d'infor-  40  9. Support d'enregistrement selon la revendication
mation par un faisceau dudit rayonnement       7, caractlrise en ce que le
materiau (22) presen- Incident, pr6sentant une partie centrals (S')  tant
une transmission qui change sous l'influence ayant une intbnsit6 sup6rieure
A celle de la   de l'intensit6 du rayonnement incident (b), est un partie
onvironnante dudit faisceau de          mat6riau optique bistable.
rayonnement (b), change dans la partie de   45 la couche exploree par
ladite portion con-  10. Support d'enregistrement selon la revendication
trale, et                                      3, 4 ou 5, caract6ris6 en ce
que le materiau opti-. - outre ladito propriMt6 de ladite couche des    que
non lineaire eat un mat6riau (30) dont l'indice moyens pour stocker dans
laditb couche         de refraction change lorsque change l'intensit6
d'information (2) de l'information comme   50  du rayonnement incident (b).
une s6rie de zones d'information (5). 11. Support d'enregistrement selon la
revendication 3. Support d'enregistrement selon la revendication     10
dans lequel le mat6riau optique non lin6aire 2, caract6rise en ce que le
plan d'information (2)  est un mat6riau de transition de phase, caract6-
est prevu d'une structure d'information perma-  55  rise en ce qus la
couche en materiau optique non nente constitues de zones d'information (5)
dis-   lIn6aire (31) est Agalement la couche d'informa- pos6es dans des
pistssd'information (3), lesdites  tion. zones altornant dans la direction
de pists avec 19    37                  EP 0 343 727 B1                38i
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12. Support d'enregistrement selon la revendication   concu pour explorer
un support d'enregistrement 3. 4 ou 5, caract6ris6 en ce que le materiau
opti-  reflechissant, caracteris6 en ce que le systeme quo non lin6aire est
un materiau synth6tique (32)  d'objectif (75) comporte une partie centrale
ron- pr6sentant un coefficient de dilatation thermique  de (76) qui est
suffisamment corrigee et qui est relativement eleve.
5      d'une qualit6 optique suffisante pour former le spot de rayonnement
limite par diffraction (a'), et 13. Support d'enregistrement selon la
revendication   une partie annulaire contigue (77) qui peut race- 5,
pr6sentant une couche d'information compor-    voir le rayonnement
provenant du support d'enre- tant un materiau magneto-optique (55) dans le-
gistrement et definissant louverture de faiscoeau quel des domaines
magnetiques peuvent etre  lo    de detection. inscrits au moyen d'un champ
magn6tique etd'un faisceau de rayonnement (b), lesdits domalnes  19.
Appareil d'exploration selon la revendication 18, peuvent etre lus sur la
base d'un changement de   caract6rise en co que 'on a prevu un d6tecteur
polarisation d'un faisceau d'exploration (b), ca-  suppl6mentaire (81) pour
recevoir le rayonne- racterise en co que la couche non lineaire est  15
ment traversant la partle de lentille annulaire constituee d'une couche
d'information magneto-    (77). optique (55) dont le changement de
polarisation depend de l'intensite du rayonnement incident (b). 20 14.
Support d'enregistrement selon la revendication 13, caracterise en ce
qu'une couche en mat6riau optique non lineaire (31) est prevue dans la pro-
fondeur de champ de la couche magneto-optique (55).
25 15. Support d'enregistrement selon l'une quelcon- que des revendications
7 A 14, caracterise en ce que la couche optique non lineaire (22, 30, 31,
32) fait partie d'un paquet de couches constituant  30 une structure de
resonance pourle rayonnement d'exploration. 16. Support d'enregistrement
solon la revendication 15, caracterise en ce quo l'on a prevu une plura-
35 litN de couches supplementalres (24, 24m, 25, 25m) constituant une
structure de r6sonance en combinaison avec la couche non lineaire (24m,
25m). 40 17. Appareil d'exploration convenable A la mise en oeuvre du
procede selon la revendication I et comportant une source de rayonnement
(10), un systeme d'objectif (75) definissant une ouverture de falsceau
d'exploration pour focaliser un fais-  45 ceau de rayonnement (b) provenant
d'une source de rayonnement en un spot d'exploration limite par diffraction
(S) sur le plan d'information (2) d'un support d'enregistrement (1) et un
detecteur sensible au rayonnement (17) pour convertir en   50 un signal
electrique le rayonnement provenant du plan d'information et capte dans un
faisceau de detection presentant une ouverture de faisceau de detection
(b'r), caracterise en co que l'ouver- ture de faisceau de detectbon eat
superieure A   55 l'ouverture de faisceau d'exploration. 18. Appareil
d'exploration selon la revendication 17 20    


