
EP 0 294 932 B1 Description Background of The Invention 5  Field of the
Invention This invention relates to a method for recording and erasing
information by irradiating a recording medium with a laser beam. More
particularly, the present invention is concerned with a recording medium to
which a single laser beam is applied with two different intensities,
respectively, for recording information 10  on the recording medium and for
erasing information recorded on the recording medium. According to the
method of the present invention, both the recording and erasing of
information can be easily performed using a simple optical system by
changing only the laser beam intensity. Discussion of Related Art 15
Recently, according to the increasing amount of information, the
utilization of optical disks and optical cards as materials for recording
information has been increased because of the large amount of information
that can be recorded on optical disks and optical cards at a high density
and the non-destructive readout of the recorded information on the optical
disks and the optical cards can easily be made by means of a laser 20 beam.
With respect to the optical disks, the two types known are a write-once
optical storage type and a reversible optical storage type. In the case of
the former type of optical disk, information can be recorded only once and
the recorded information cannot be erased. On the other hand, in the case
of the latter type of optical disk, information 26 can be recorded and
erased repeatedly. With respect to the reversible optical storage type of
optical disk, two types of recording materials are known. One is a
magneto-optical recording material and the other is a phase-change
recording material. In the case of the magneto-optical recording material,
information is recorded by utilizing occurrence of the difference in
direction of magnetization by irradiation with a laser beam, and the
recorded information is 30  read out by utilizing the difference in the
plane of polarization of a laser beam reflected by the recording material,
in which the difference in the plane of polarization is ascribed to the
difference in the direction of magnetization. On the other hand, in the
case of the phase-change recording material, information is recorded by
utilizing occurrence of the difference in the state of a recording material
by irradiation with a laser beam, that is, amorphous or crystalline, and
the recorded information is read out by utilizing the 35 difference in the
optical properties, which difference Is ascribed to the difference in the
state of a recording material. In the case where a magneto-optical
recording material is used for recording and reading out information, it is
necessary to use an apparatus comprising a magnetic recording system and an
optical reading system. On the other hand, in the case where a phase-change
recording material is used for recording and reading out information, both
the recording of information and the reading out of the 40  information can
be conducted using an optical system only. Accordingly, the phase-change
recording material is advantageous in that an apparatus for recording and
reading out information is simple as compared with the case where the
magneto-optical recording material is used. In the case of the phase-change
recording material, another mode for recording and erasing information is
conceivable. That is, information is recorded on the recording material
utilizing occurrence of the 46  difference in volume by irradiation with an
electron beam between the irradiated area and the non-irradiated area.
Utilizing the difference in the volume caused by the irradiation with an
electron beam, information is recorded at a high density as compared with
the case where the difference in the state of a recording material is
utilized. The utilization of the difference in the volume of a recording
layer caused by the irradiation with an electron beam has not yet been
realized at the present time, but it is expected to come 50  true in the
near future. With respect to the recording layers of the phase-change
recording materials, it is known to use various 



Te alloys, such as a Te-Ge alloy [Appl. Phys. Lett., 49 (9), p. 502,
(1986)] and Te-Ge-Sn alloy [Appl. Phys. Lett., 46 (8), p. 734, (1985), and
various Se alloys, such as an Sb-Se alloy [Appl. Phys. Lett., 48 (9), p.
1255, (1986)] and an In-Se-TI alloy [Appl. Phys. Lett., 50 (11), p. 667,
(1987)]. The recording layers of these alloys 55  can be amorphized when
the recording layers are melted and then rapidly cooled. The recording
layers can be crystallized when the recording layers are melted and then
gradually cooled, or when the recording layers are heated for a
predetermined period of time at temperatures higher than the critical
temperatures for crystallization of the recording layers. The recording
layers have different optical properties between the 2    EP 0 294 932 B1
amorphous state and the crystalline state. Therefore, information can be
recorded on the recording materials utilizing the occurrence of the
difference in optical properties between the amorphous state and the
crystalline state. For example, the amorphous state and the crystalline
state may be designed so as to correspond to the recorded state and the
erased state, respectively. In this case, the recording of information can
be effected by the rapid heating and the rapid cooling of a recording
layer, and the erasing of the recorded information can be effected by the
gradual heating and the gradual cooling of the recording layer. Therefore,
by repeating the rapid heating- rapid cooling and the gradual
heating-gradual cooling, the recording and erasing can be repeatedly
carried out. The crystallization and amorphization of a recording layer can
be conducted by irradiating with a laser beam. Of course, alternatively,
the crystalline state and 10 the amorphous state may also be designed so as
to correspond to the recorded state and the erased state, respectively. For
easy understanding, however, an explanation will be made hereinbelow with
respect to the case where the amorphous state and the crystalline state
correspond to the recorded state and the erased state, respectively, unless
otherwise described. As mentioned above, when information recorded on the
above-mentioned conventional recording 15   material is erased, that is,
the crystallization of the recording layer is effected, gradual heating and
gradual cooling must be conducted, whereas when information is recorded on
the conventional recording material, that is, the amorphization of the
recording material is effected, rapid heating and rapid cooling must be
conducted. The rapid heating and the rapid cooling can be performed by a
short irradiation period with a laser beam of a high intensity, whereas the
gradual heating and the gradual cooling can be performed by a 20  long
irradiation period with a laser beam of a low intensity. In practice,
however, performing of both the short and long irradiation periods are
accompanied by difficulties. In operating the phase-change type information
recording and erasing system, a recording layer is migrated relative to a
laser beam at a constant speed. When a laser beam spot is applied to a
recording layer for recording or erasing information at a certain point on
the recording layer, the point continues to be irradiated with the laser
beam during the 25 passage of the point through the width of the laser beam
spot. Therefore, whether the irradiation period of time is short or long,
would depend upon the width of the laser beam spot. Therefore, for
performing both the short irradiation period for amorphization of a
recording material and the long irradiation period for crystallization of a
recording material, two laser beams have conventionally been used, i.e. a
laser beam having a circular irradiation spot and a laser beam having an
elliptic irradiation spot. Such an irradiation 30  system using two laser
beams has disadvantages in that it is necessary to use a complicated
apparatus which comprises two laser beam irradiation systems and that the
two laser beam irradiation systems must be so arranged that the axis of one
of the laser beams is coincident with the axis of the other laser beam with
high precision in order to repeatedly record and erase Information with
accuracy. However, it is difficult as a practical matter, to coincide the
axes of both laser beams with each other. Particularly in the case 35
where high speed recording and erasing is intended to perform, it is
necessary to use a laser beam for the crystallisation of a recording
medium, which has an elliptic beam spot of a considerably large length in
its 



long axis. However, the use of such laser beam is not practical.
EP-A-0184452 describes the use of an Indium/Antimony alloy film capable of
forming two stable crystalline states differing in crystal texture and
optical characteristics for use in the recording and erasure 40 of optical
information by irradiating the film with optical energies under different
conditions. The method uses either a single or two laser beam sources, and
the alloy may also contain up to 20 atom % of one or more elements selected
form Al, Si, P. S, Zn, Ga, Ge, As, Se, Ag, Cd, Sn, Te, TI, Pb and Bi.
EP-A-0217293 describes Germanium, Tellurium and Antimony or Bismuth
compositions for reversible recording and erasing information by use of a
laser beam. The compositions have amorphous or crystalline 45 state
dependent upon the power of the laser beam. The compositions may also,
optionally contain selenium. Summary of the Invention so The present
inventors have made extensive and intensive studies with a view toward
developing a method for recording and erasing information at high speed by
the irradiation with a single laser beam, which method is free from the
above-mentioned disadvantages accompanying the use of the conventional
recording material. As a result, it has been found that information can be
easily recorded and erased by the irradiation with a single laser beam by
changing only the intensity of the laser beam which an alloy having a 55
specific composition is used as a material for an information recording
layer. Based on such a novel finding, the present invention have been
completed. The foregoing and other features and advantages of the present
invention will be apparent to those skilled in the art from the following
detailed description and appended claims taken in connection with the 3
EP 0 294 932 B1 accompanying drawings. Brief Description of the Drawings 5
In the drawings: Fig. 1 is a triangular diagram Illustrating a Sb-Te-Ge
composition range to be used in the present invention; Fig. 2 is a
diagrammatic view illustrating a system for practising the method of the
present invention; and Fig. 3 shows one form of waveform of laser beam
irradiations for recording and erasing information. 10 Detailed Description
of the Invention According to the present invention there is provided a
recording medium comprising a substrate having a recording layer
superimposed thereon, the recording layer being capable of reversibly
converting between 15 an amorphous phase and a crystalline phase, the
reversible conversion being effective for recording and erasing
information, the recording layer being composed of Sb, Te and Ge, and
characterised in that It further comprises at least one element selected
from Pb, Bi, In , Sn and TI. According to another aspect of the present
invention, there is provided a method for recording and erasing
information, which comprises irradiating a recording medium of the present
invention with a single 20   laser beam while migrating said recording
layer relative to said laser beam, said single laser beam being applied
with two different intensities, respectively, for crystallizing said
recording layer and for amorphizing said recording layer, while changing
the laser beam intensity between said two different intensities in
accordance with a laser beam intensity pattern corresponding to predeter-
mined information, to thereby form amorphous areas and crystalline areas in
the recording layer, which 25  correspond to said predetermined
information. In the recording medium of the present invention it is
particularly preferred that Sb, Te, Ge and the 



element selected from Pb, Bi, In, Sn and TI are present in atomic ratios
represented by the formula (1): [err] 30 wherein M is at least one element
selected from Pb, Bi, In, Sn and TI, and 0.3 [err] x S 0 7, 0.1 [err] y,
0.01 [err] z[err]0.3 and x + y < 1. With respect to the recording layer of
the present invention, the presence of the element M is important. Without
the element M, various serious problems are involved. For example, if the
recording layer Is 35  composed only of Sb, Te and Ge, and Sb, Te and Ge
are present in atomic ratios represented by the formula (2): [err] 40
wherein x is 0.3 to 0.7, the recording layer can be crystallized by a short
irradiation period with a laser beam. However, for amorphizing the
recording layer, it is necessary to irradiate with a laser beam at such a
high intensity that deformation of the recording layer and substrate would
occur or that perforation of the recording layer would occur. Particularly,
in the case where a recording layer is made of a mixture of a GeTe compound
and an 45  [err] compound, and Sb, Te and Ge are present in atomic ratios
represented by the formula (3): [err] 50     wherein 0 < x < 1, the
crystallization of the recording layer can be easily conducted, but it is
difficult to conduct amorphization of the recording layer because it is
necessary to irradiate with a laser beam at such a high intensity that
deformation of the recording layer and substrate would occur or that
perforation of the recording layer would occur. 55    In the recording
layer of the present invention in which also at least one element M
selected from the group consisting of Pb, Bi, In, Sn and TI is used, the
above-mentioned drawbacks can be obviated. Especially when element M is
present in a recording layer in an amount of 1 to 30 % in terms of the
number of atoms, the recording layer is quite advantageous because the
amorphization can be easily 4    EP 0 294 932 B1 conducted by irradiation
with a laser beam of a relatively low intensity as compared with the case
where element M is not present, enabling the deformation of a recording
layer and a substrate or the perforation of a recording layer to be
avoided. If the amount of element M in terms of the number of atoms is less
than 1 % based on the total number of atoms in the recording layer, a laser
beam of a relatively high intensity is 5   required for amorphizing a
recording layer. Therefore, the amorphization of a recording layer is
inevitably accompanied by an undesirable deformation of a recording layer
and a substrate or perforation of a recording layer. On the other hand, if
the amount of element M in terms of the number of atoms exceeds 30 %, the
recording layer is hardly crystallized to a sufficient degree upon
irradiation with a laser beam and, therefore, the erasing of information
cannot be conducted sufficiently, while when re-recording is conducted, 10
a signal intensity sufficient for distinguishing the recording of
information from the erasing of information (i.e.  contrast) cannot be
obtained. With respect to the amount of Ge, it is disadvantageous that y in
the formula (1) is less than 0.1, because a recording layer is crystallized
at a low temperature and, therefore, poor in heat stability. In summary, it
is preferred that in formula (1), x be within the range of from 0.3 to 0.7
from the 15 standpoint of easy crystallization, y be 0.1 or more from the
standpoint of heat stability, and z be within the range of from 0.01 to 0.3
from the standpoint of easy amorphization by the irradiation with a laser
beam of a relatively low intensity without occurrence of the deformation of
a recording layer and a substrate and the 



perforation of a recording layer. As mentioned above, M is at least one
element selected from the group consisting of Pb, Bi, In, Sn and 20 TI. In
the case where two or more types of elements are used as M, the total
amount of the elements in terms of the number of atoms should be within the
range represented by z mentioned above. In Fig. 1, the preferred Sb-Te-Ge
composition range is indicated by the hatched area defined by a square
ABCD. The composition range inside a square ABEG is more advantageous for
rapid crystallization of a recording layer. Incidentally, a line EF in Fig.
1 indicates the Sb-Te-Ge composition range corresponding to the composition
25  represented by the formula (2). The reason why the amorphization of a
recording layer becomes easy by incorporating element M In a Te-Ge-Sb alloy
is believed to reside In that elements Pb, Bi, In, Sn and TI have a
relatively low melting point, and heat of fusion for these elements is
relatively small as compared with those of Te, Ge and Sb, as shown in Table
1 and, therefore, by the incorporation of these elements in a Te-Ge-Sb
alloy, the melting 30  point of the recording layer becomes low, and the
recording layer becomes easy to heat and cool rapidly. Further, the vapor
pressures of these elements are low even at a temperature higher than their
melting points and, therefore, the deformation and the perforation of a
recording layer are unlikely to occur. Table 1 35 Element   Melting point
(err)   Heat of fusion (cal/g) Temperature at which the vapor pressure
rises to 100 Torr (1 Torr = 133 Pa) ( C) Pb            327
6.3                          1427 40      Bi            271
12.5                         1302 In            156                 6.8
1727 Sn            232                14.5                         2227 Ti
303                 5.0                         1212 To            449
32                            792 Ge            937
2407 Sb            630                38.3                         1262 As
mentioned above, a recording layer composed of Sb, Ge, Te and at least one
element selected from 50  the group consisting of Pb, Bi, In, Sn and TI in
atomic ratios represented by formula (1) can be not only easily amorphized
without occurrence of the deformation of a recording material and a
substrate and the perforation of a recording layer, but also easily
crystallized by irradiation with a laser beam for an extremely short period
of time. Using a recording medium comprising such a recording layer,
information can be recorded and erased by irradiating the recording layer
with a single laser beam which is applied separately 55  with two different
intensities respectively for crystallizing the recording layer and for
amorphizing the recording layer. In practicing the method of the present
invention, the amorphization of a recording layer may be performed for
recording information on the recording layer, while separately performing
the crystallization of 5    EP 0 294 932 B1 the recording layer for erasing
information recorded on the recording layer. Alternatively, the
amorphization of a recording layer may also be performed for erasing
information recorded on said recording layer, while separately performing
the crystallization of the recording layer for recording information on the
recording layer. In the case where the crystallization of a recording layer
is effective for erasing information recorded on the recording layer and
the amorphization of the recording layer is effective for recording
information on the 



recording layer, pits constituted by amorphous areas are formed by
irradiating with pulses of a laser beam having a relatively high intensity
so that a predetermined information is recorded and, on the other hand, the
amorphous areas other than those formed by irradiating with the pulses of a
laser beam are crystallized by 10 irradiating with pulses of a laser beam
having a relatively low intensity at intervals of the respective pulses of
laser beam for amorphization as is seen from Fig. 3, so that the previously
recorded information is erased. Alternatively, in the case where the
crystallization of a recording layer is effective for recording information
on the recording layer and the amorphization of the recording layer is
effective for erasing 15   information recorded on the recording layer,
pits constituted by crystalline areas are formed by irradiating with pulses
of a laser beam having a relatively low intensity so that Information is
recorded and, on the other hand, the crystalline areas other than those
formed by irradiating with the pulses of a laser beam are amorphized by
irradiating with a laser beam having a relatively high intensity at
intervals of the respective pulses of laser beam for crystallization as is
seen from Fig. 3, so that the previously recorded information is 20
erased. When the recorded information is read out from the recording layer,
the difference in optical properties such as reflectance and transmission
between the amorphous areas and the crystalline areas is utilized.
Particularly, a laser beam having an intensity much lower than that for
crystallizing a recording layer is irradiated on the recording layer and
the difference in reflectance or transmission of the irradiated laser 25
beam between the crystalline areas and the amorphous areas is measured and
converted to a signal of a desired form. In practicing the recording and
erasing of information, a recording medium is migrated relative to a laser
beam. When the relative migration rate of the recording medium to the laser
beam is indicated by v and the -diameter of a laser beam spot which is
applied on the surface of the recording medium is indicated by d, so the
laser beam irradiation time at a certain point on the surface of the
recording medium can be indicated as d/v. Therefore, in the case where the
crystallization is effective for erasing information and the amorphization
is effective for recording information, if it is intended to erase
information, an amorphous area (in which information has been recorded)
must be crystallized by the laser beam irradiation for a period of d/v or
less. The recording layer having a composition represented by formula (1)
can be crystallized by the 35  laser beam irradiation for a period of time
as short as 1 [err]sec or less. Therefore, the erasing of information can
be sufficiently conducted using a laser beam having a spot diameter of
about 1 [err]. Particularly in the case where the ratios of Sb, Te and Ge
in the recording layer are within the range as indicated by square ABEG
shown in Fig. 1, the crystallization of a recording layer can be conducted
by the laser beam irradiation for a period of time as short as 0.1 [err] or
less. Therefore, when a laser beam having a spot 40 diameter of about
1[err]the crystallization can be made even if the relative migration rate
of the recording medium to the laser beam is as high as 10 m/sec or more.
At present, the relative migration rate adopted for information storage on
a optical disk is generally about 1.2 m/sec or less in the case of a
compact disk, about 5 to 11 m/sec in the case of a file memory, and about 5
to 22 m/sec in the case of a computer memory. Therefore, the method of the
present invention can be conveniently applied to various optical data 45
storage. Further, since the time for crystallization can be decreased to a
degree as short as 1[err] or less as different from the case of the
conventional methods, it is not necessary to use two different laser beams,
i.e. a laser beam having a circular beam spot for the amorphization and a
laser beam having an elliptic beam spot for the crystallization, and it is
possible to perform the crystallization and amorphization of a recording
layer with only a single laser beam having, for example a circular beam
spot. Accordingly, by the 50   method of the present invention, the
overwriting of information on the recording medium can be performed by
irradiating the recording medium with pulses of a laser beam having an
intensity for recording information, while separately irradiating the
recording medium with the same laser beam as used for the recording of
information, which laser beam is changed only in intensity so as to have an
intensity for erasing information, at intervals of the respective pulses of
laser beam for recording information. Such 



55 overwriting can be performed by the use of an extremely simple optical
system as in the case of a write- once optical storage method. In
irradiating with a single laser beam according to the method of the present
invention, the laser beam intensity is changed between two different
intensities according to the  laser beam intensity pattern 6    EP 0 294
932 B1 corresponding to the predetermined information that is intended to
be recorded. As mentioned above, the two different laser beam intensities
are effective for crystallizing the recording layer and amorphizing the
recording layer. The intensity for the amorphization of the recording layer
may be 3 to 30 mW, preferably 5 to 20 mW. The laser beam intensity for the
crystallization of the recording layer is at least 1 mW lower than 5  the
laser beam intensity for the amorphization of the recording layer.
Accordingly, the intensity for the crystallization of the recording layer
may generally be 2 to 29 mW, preferably 3 to 15 mW, however, it should be
not less than 2 mW. The diameter of a laser beam spot which may be used in
the present invention may be 0.5-1.5[err] Examples of lasers which may be
used in the method of the present Invention include a semiconductor * 10
laser, an Ar ion laser, a YAG laser and the like. It is preferred for
high-density recording that the wavelength of the laser be reduced to half
by passing the laser through a nonlinear optics and applied to the
recording layer as a laser beam for recording and erasing information. The
wavelength of the laser beam may generally be 300 nm to 1[err] Examples of
substrates to be used In the recording medium include a glass plate, a
plate comprising is glass and superimposed thereon a photocurable polymer
layer, films and plates of plastic materials such as polycarbonate, acrylic
resin, epoxy resin and polystyrene, and a plate of an Al alloy. Of the
above-mentioned substrates, a plate comprising glass and superimposed
thereon a photocurable polymer, and a transparent plastic plate of a
polycarbonate, acrylic resin or epoxy resin are preferred, because a laser
beam for information recording and erasing and readout of the recorded
information can be 20   irradiated through the substrate. The recording
layer composed of Sb, Te, Ge and at least one element M may be formed on a
substrate by customary deposition methods such as vacuum deposition and
sputtering. In the case of vacuum deposition, it is noted that, when an
alloy composed of Sb, Te, Ge and the element M is employed as a deposition
source for effecting deposition, the resulting recording layer often has a
composition consider- 25 ably different from that of the alloy used as the
source. Hence, it is preferable that the deposition be effected using four
separate deposition sources, respectively, for Sb, Te, Ge and element M.
When an alloy composed of Sb, Te, Ge and element M is employed as a
deposition source, the flash deposition method is more preferable than the
above-mentioned deposition method because the difference between the
composi- tion of the alloy and that of the resulting recording layer can be
minimized. 30    In the case of the formation of the recording layer by the
sputtering method, an alloy having a predetermined composition may
advantageously be used as a deposition source, because a recording layer
having substantially the same composition as that of the alloy can be
obtained. Alternatively, the recording layer may be formed In such a manner
that pieces of a metallic element or alloy are placed on another metallic
element or alloy, followed by sputtering. In this method, the number of the
pieces and the positions 36  of the metallic elements or alloys may be
varied according to the composition of the recording layer to be formed. In
the case of the sputtering method, the substrate is apt to be heated during
the sputtering operation and, hence, it is preferable to sufficiently cool
the substrate for forming a recording layer having a uniform recording
characteristic. The recording medium to be used in the present invention
comprises a substrate and superimposed 



40 thereon a recording layer. If desired, a reflective layer may be
provided on the recording medium. By the provision of a reflective layer, a
high contrast of reflectivity due to a light interference effect can be
attained, leading to a high carrier-to-noise ratio (hereinafter often
referred to as "C/N ratio"), even when the thickness of the recording layer
is small. In addition, if desired, a dielectric layer may also be provided
between the recording layer and the reflective layer. By the provision of a
dielectric layer, there can be attained an 45   improvement in storage
stability, C/N ratio and number of cycle of reversions between recording
and erasing. With respect to the structure of a recording medium in the
case where a reflective layer and a dielectric layer are provided,
reference may be made to, for example, IEEE Journal of Quantum Electronics,
Vol. QE-14, No. 7, pp. 487-495 (1978). The reflective layer may preferably
be a layer made of a substance having a high extinction coefficient 50 to a
laser beam for readout of the recorded information. Examples of substances
usable for the reflective layer include metals such as Al, Ti, Cr, Cu, Mn,
Si, Ni, Se, Ge, Zr, Ag, In, Sn, Sb, Te, Pt, Au, Pb and Bi, alloys
containing at least Cr, Cu, Mn, Si, Ni, Se, Ge, Zr, Ag, In, Sn, Sb, Te, Pt,
Au, Pb and Bi, and the like. The reflective layer may be of a single layer
structure or a multiple layer structure containing at least two metals or
alloys selected from the metals and alloys mentioned above. 55     With
respect to the dielectric layer, it is preferred that the dielectric layer
be made of at least one metallic compound. Examples of metallic compounds
usable for the dielectric layer include metal oxides such as MgO,,[err]
ZnO, CdO, [err] NiO and the oxides of rare earth elements, metal nitrides
such as TiN, HfN, AIN and [err] metal sulfides 7    EP 0 294 932 B1 such as
ZnS, and metal carbonates such as SiC and TiC. The reflective layer and the
dielectric layer may be formed by the vacuum deposition method or
sputtering method as in the formation of the recording layer.
Alternatively, the reflective layer and the dielectric layer may also be
formed by a customary ion-plating method. 6     The thickness of the
recording layer may be varied according to the structure of the recording
medium, e.g. the presence or absence of a reflective layer and a dielectric
layer and the thicknesses of a reflective layer and a dielectric layer.
Generally, the thickness of the recording layer may be about 10 to 150 nm.
The recording medium to be used in the present invention may generally be
in a single form. The recording medium to be used in the present invention
may alternatively be in a composite form, e.g. in the 10 form of two
recording media attached in face-to-face fashion with an air gap
therebetween as will be mentioned later so that the surface of the
recording layer can be protected against danger and/or stain which is
caused, for example, by direct contact of the recording layer with air or
hands. Such a structure is constructed so that the side of the recording
layer is on the inside of the structure. In such a case, the beam
irradiation for information recording and erasing and for readout of the
recorded information is 15  effected from the side of the substrate. As
described above, the recording medium of the present invention may be used
in a single form or a composite form. In the case of the composite form as
mentioned above, the recording medium is used as follows. Two recording
media having the same structure are put, one upon the other, so that the
side of the recording layer remote from the substrate of one recording
medium faces the side of the recording layer remote from the substrate of
the other recording medium through the medium of a spacer arranged along
the periphery of each of the recording media, and partially bonded by means
of an adhesive such as epoxy type adhesive applied to both the sides of the
spacer. Alternatively, the two recording media may be entirely bonded to
each other by means of an adhesive such as a hot melt adhesive, with the
side of the recording layer remote from the substrate of one recording
layer facing the side of the recording layer 



25  remote from the substrate of the other recording medium, without using
a spacer to form an entirely bonded structure. According to the method of
the present invention, information can be recorded and erased in a short
period of time by the irradiation with a single laser beam. Therefore,
according to the present invention, overwriting of information can be
performed using a simple optical system by changing only the irradiating 30
laser beam intensity between two different intensities respectively for
amorphizing a recording layer and for crystallizing a recording layer in
accordance with a laser beam intensity pattern corresponding to a
predetermined information to be recorded. Detailed Description of Preferred
Embodiments 35 The present invention will now be described in more detail
with reference to the following Examples, which should not be construed as
limiting the scope of the present invention. Referential Example 40 A
polycarbonate disk having a thickness of 1.2 mm and a diameter of 130 mm
and having grooves (depth: 70 nm, width: 0.5[err] pitch: 1.6 [err] prepared
by the injection molding method is used as a substrate and set in a vacuum
deposition equipment so that the polycarbonate disk can be rotated in the
central portion of the equipment. The equipment include, around the axis of
rotation, two heating 45 vaporization boats and two electron beam
vaporization crucibles, and is adapted for performing 4-element
co-deposition. Te and Sb are separately put in the crucibles, and Ge is put
in one of the heating vaporization boats. The equipment Is evacuated to
[err] Torr and the disk is subjected to simultaneous deposition of Sb, Te
and Ge from the boats and crucible at room temperature while rotating the
disk at 1800 rpm to perform co-deposition of the three elements. Repeating
the same procedure as mentioned 50 above except that the atomic ratios of
the elements are changed as indicated in Table 2, 100 nm-thick recording
layers having compositions as shown in Table 2 are separately formed on
polycarbonate disks. 55 8    EP 0 294 932 B1 10~~~~~~~~~~~~~~~~~~~1 ,;
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la [err]    EP 0 294 932 B1 beam is reflected by the recording medium and
the reflected beam goes back to prism 5 through objective lens 7 and 1/4
wave plate and reflected by prism 5 toward lens 8. The laser beam reflected
by prism 5 is focused through lens 8 and detected by detector 9. The
examination is performed as follows. (1) A laser beam having a wave length
of 830 nm and a beam spot diameter of about 1.0 [err]pplied 5    to the
recording layer of each sample disk through its substrate so as to
irradiate a portion of the recording layer which is positioned at a
distance of 55 mm from the center of the disk. The irradiation of the
recording layer of the sample disk with the laser beam is conducted with
rotation of the disk at 1800 rpm (the linear velocity of the disk relative
to the laser beam is approximately 10 m/sec) for one rotation of the disk
(33.3 msec), while increasing the laser beam power and simultaneously
measuring the 10   reflectance of the laser beam. As a result, it is found
that with respect to all of the sample disks, the reflectance is increased
to a certain extent according to the increase in laser beam intensity, and
when the laser beam intensity exceeded a certain level, the reflectance no
longer increased. The laser beam intensity (PE) beyond which the
reflectance no longer increased is measured with respect to each sample
disk and the results are shown in Table 2. 15       Incidentally, the
recording layer of each sample disk is analyzed by X-ray diffractometry
before and after the irradiation with a laser beam. As a result, it is
found that with respect to all of the sample disks, the recording layer is
amorphous before the irradiation with a laser beam and crystalline after
the irradiation with a laser beam having an intensity of [err] (2) The
recording layer of each sample disk is entirely crystallized by the
irradiation with a laser beam 20    having an intensity of PE. Then, pulse
signals of 3 MHz are recorded on the recording layer of each disk sample by
the irradiation with a laser beam, while increasing the intensity of a
laser beam. After the recording, the recorded signals are read out by
irradiating the recording layer with the same laser beam as that used for
recording except that the laser beam intensity is changed to 1.0 mW, while
measuring the intensity of the reflected laser beam by means of detector 9.
The measurement shows that with 25    respect to all of the sample disks,
the readout signal intensity is increased to a certain level according to
the increase in the laser beam intensity for recording the pulse signals,
but when the laser beam intensity for recording pulse signals exceed a
certain level, the readout signal intensity no longer increase. The laser
beam intensity (Pw) beyond which the readout signal intensity no longer
increased is measured with respect to each sample disk and the results are
shown in Table 2. 30       Further, the readout signals are analyzed using
a spectrum analyzer model hp 8567A (manufactured and sold by
Hewlett-Packard, U.S.A.) with a resolution bandwidth of 30 kHz to measure a
carrier-to-noise ratio (hereinafter referred to as "C/N ratio"). The C/N
ratios obtained with respect to the signal recorded by the irradiation with
the laser beam intensity of Pw are shown in Table 2. (3) The above-recorded
signals are erased by continuously irradiating with a laser beam having an
35    intensity of PE for each sample disk and, thereafter, the C/N ratio
of the signal remaining unerased is measured in the same manner as
mentioned above. Then, an erasing ratio is calculated from the C/N ratios
before and after the erasing operation by the following equation: A C
(erasing ratio) (dB) = [err] 40 



wherein C1 is the level of a recorded signal (dB) and C2 is the level of a
signal remaining unerased (dB). The [err]esponds to 20 log[err]ein V1 is
the output level obtained by reading out a recorded signal and V2 is the
output level obtained by reading out a signal remaining unerased. The 45
results are shown in Table 2. The high erasing ratio means that the erasure
of a signal is well performed. (4) Separately, the time necessary for
crystallizing the recording layer of each sample is measured as follows.
Using the same laser beam irradiation apparatus as indicated in Fig. 2, a
laser beam having an intensity of 5 mW is applied to a certain portion of
the recording layer of each sample disk without rotating the disk. The
irradiation with a laser beam is conducted pulsewise while increasing the
length of 60   the pulse from 0.05 to 10 [err]each pulse, the reflectance
is measured, and the minimum length of the pulse (errt which the
reflectance exceeds 80 % of the maximum value obtained by the irradiation
with a laser beam is also measured. The results are shown in Table 2. The
value of [err]is a useful index for estimating the time of irradiation with
a laser beam necessary for crystallizing a recording layer. As is apparent
from the results in Table 2, the amorphization (recording) characteristics
and 55    crystallization (erasing) characteristics of the sample disk
comprising a recording layer composed of Sb, Te and Ge are markedly
different between the case where the atomic ratios of Sb, Te and Ge in the
recording layer are within the range of the formula (3) mentioned before
and the case where the atomic ratios of Sb, Te and Ge are outside the range
of the formula (3). That is, with respect to the sample disks 10    EP 0
294 932 B1 (d) and (e) of which the recording layer has atomic ratios of
Sb, Te and Ge within the range of the formula  (3), the crystallization of
the recording layer can be attained by extremely short-time irradiation
with a laser beam. However, sample disks (d) and (e) have disadvantages in
that an extremely high laser beam intensity is required for amorphizing the
recording layer and that the C/N ratio is low. On the other 5    hand, the
sample disks (a), (b) and (c) of which the recording layer has atomic
ratios of Sb, Te and Ge which are outside the range of the formula (3),
high C/N ratios can be obtained. However, these disks have a disadvantage
in that long-time irradiation with a laser beam is required for
crystallizing the recording layer. Further, the laser beam intensity
necessary for amorphizing the recording layer can be decreased to some
extent, but can not be satisfactorily decreased. With respect to the sample
disks (f) 10   and (g) of which the recorded layer also has atomic of the
formula (3), the laser beam intensity necessary for amorphizing the
recording layer can be decreased to some extent as in the case of sample
disks (a), (b) and (c), but can not be satisfactorily decreased. Further,
these disks (f) and (g) have disadvantages in that long-time irradiation
with a laser beam is required for crystallizing the recording layer and
that the C/N ratio is low. 15       All of the sample disks are observed
using an electron microscope. The observation shows that undesirable
deformation of the recording layer as well as the substrate occurred. It
seems that such deformation of the recording layer and the substrate is
caused by the irradiation with a laser beam having a relatively high
intensity. Further, it seems that such deformation causes the C/N ratio of
each sample disk to decrease to a level as low as 20 dB or less. 20 Example
1 A 80 nm-thick recording layer composed of Te, Ge, Sb and TI which are
present in atomic ratios represented by the formula: 25  [err] is formed on
the same polycarbonate substrate as used in Referential Example by the
sputtering deposition method as follows. A polycarbonate substrate is set
in a sputtering deposition 



equipment including a cathode for sputtering. An alloy of Te, Ge, Sb and TI
having atomic ratios represented by the formula mentioned just above and
having a diameter of about 8 inches is placed on the cathode, and the
equipment is evacuated to [err] Torr. Then, argon gas is introduced into
the equipment so 30 that the inner pressure of the equipment became 3 x
[err]Torr. Thereafter, about -350 V of an electric pressure is applied to
the cathode to cause sputtering. The thus obtained sample disk is examined
in the same manners as in Referential Example to determine the Pw, C/N
ratio, PE and[err] The results are shown below: Pw  8 mW C/N ratio  56 dB
PE        5 mW AC        40 dB 40 Then, the recording layer of the sample
disk is re-irradiated with a laser beam while changing its intensity in
accordance with the laser beam intensity pattern as shown in Fig. 3 to form
amorphized areas and crystallized areas on the recording layer, and the Pw,
C/N ratio, PE and C are measured. In this Example, the amorphization and
the crystallization are designed so as to correspond to the recording of 45
information and the erasing of information, respectively. Therefore, in
Fig. 3, the recording power and erasing power correspond to the amorphizing
intensity and the crystallizing intensity, respectively. The above
measurement shows that the Pw, C/N ratio, PE and AC obtained by the
re-irradiation with a laser beam are substantially the same as those
obtained by the first irradiation of a laser beam. The re-irradiation with
a laser beam by changing its intensity between the amorphizing intensity
and the crystallizing intensity 50   as shown in Fig. 3, i.e., overwriting
of the recording layer is repeated [err] times, but the decrease in C/N
ratio does not occur. From the foregoing, it is confirmed that according to
the method of the present invention, overwriting of information on a
recording medium can be easily and repeatedly performed at a high speed
with a single laser beam by changing only its intensity between the two
different intensities. 55    EP 0 294 932 B1 Example 2 A 80 nm-thick
recording layer composed of Te, Ge, Sb and TI which are present in atomic
ratios represented by the formula: 5  (err) is formed on the polycarbonate
substrate as used in Referential Example by the sputtering deposition
method in the same manner as in Example 1. On the recording layer of the
thus obtained disk, a laser beam Is applied with two different intensities
in accordance with the same pattern as shown in Fig. 3 except that the
amorphizing intensity (recording power) is 10 mW. The C/N ratio and the
erasing ratio [err] are measured. The C/N ratio and the erasing ratio are
as high as 54 dB and 35 dB, respectively. Example 3 The same polycarbonate
disk as used in Referential Example is set in the same vacuum deposition 15
equipment as used in Referential Example. Te and Sb are separately put in
the respective crucibles and Ge and Pb are separately put in the respective
heating vaporization boats so that a recording layer to be formed by the
following deposition can have the atomic ratios represented by the formula:
(err). The equipment is evacuated to [err]  Torr and the disk is subjected
to simultaneous deposition of Sb, Te, Ge and Pb from the boats and
crucibles at room temperature while 20 rotating the disk at 1800 rpm to
perform co-deposition of the four elements, until the thickness of the 



recording layer formed by the deposition became 100 nm. Thus, sample disk
(h) is obtained. Substantially the same procedure as mentioned above is
repeated except that each of Bi, In, Sn and TI is separately used instead
of Pb, to thereby prepare sample disks (i) to (I). Each sample disk thus
obtained is subjected to examination with respect to amorphization
characteris- 25 tics and crystallization characteristics in the same manner
as in Referential Example to thereby determine Pw, C/N ratio, PE and AC.
The results are shown in Table 3. Table  3 30 Amorphiza-
Crystalliza- tion charac-   tion charac- teristics           teristics
Sample       Element 35              No.       contained          Pw
C/N          PE        AC ratio (mW)      (dB)       (mW)       (dB) h
Pb              9        55           6        38 i             Bi
12        48           7        40 45 j             In             12
52           9        30 k             Sn             11        52
8        30 50 1             T1              9        56           7
38 55 The comparison between the results In Table 3 and the results of
sample (b) in Table 2 (Referential Example) shows that by the presence of
Pb, Bi, In, Sn or TI in the recording layer, the laser beam intensities
necessary for the amorphization and crystallization are markedly decreased,
and the C/N ratio is 12    EP 0 294,932 B1 markedly improved, that is, the
C/N ratios of sample disks (h) to (I) are about 18 to 28 dB higher than
that of sample disk (b). Accordingly, it is concluded that these sample
disks are practically useful. Particularly, in the case where Pb or TI is
incorporated in the recording layer [namely, each of sample disks (h) and
(I)], the C/N ratio is excellent and, therefore, it is expected that a good
signal quality can be obtained when such 5  disks are used as a recording
medium. None of sample disks (h) to (I) undergo deformation of the
recording layer and the substrate. On the recording layer of sample disk
(j). a laser beam is applied with two different intensities in accordance
with the same pattern as shown in Fig. 3 except that the amorphizing
Intensity (recording power) and the crystallizing intensity (erasing power)
are 12 mW and 7 mW, respectively, and the C/N ratio 10  and the erasing
ratio are measured. The C/N ratio and the erasing ratio are as high as 50
dB and 28 dB, respectively. From the foregoing, it is concluded that using
a recording medium comprising a substrate and superimposed thereon a
recording layer which contains Pb, Bi, In, Sn or TI in addition to Sb, Ge
and Te, the amorphization and crystallization of the recording layer
(namely, recording and erasing of information on the 15  recording layer,
and vice versa) can be readily performed by the irradiation with a single
laser beam by changing only the laser beam intensities, Example 4 



20  Recording layers which are composed of Te, Ge, Sb and TI at atomic
ratios as shown in Table 4 and have a thickness of 80 nm are separately
formed on polycarbonate substrates as used in Referential Example by the
4-element co-deposition method in substantially the same manner as In
Example 3. Thus, there are obtained sample disks (m) to (q). The sample
disks are examined in the same manners as in Referential Example to
determine the Pw, C/N ratio, PE and AC of each sample disk. The results are
shown 25  in Table 4. As is apparent from the results in Table 4, it is
confirmed that when the composition of the recording layer is within the
range as defined in the above-mentioned formula (1), i.e. in the formula
(1), x is within the range of from 0.3 to 0.7 and y is 0.1 or more, the
crystallization and amorphization can be performed by the irradiations with
a single laser beam with two different intensities which are relatively
low, and high C/N 30     ratios and high erasing ratios are obtained. On
the recording layer of sample disk (o), a laser beam is applied with two
different intensities in accordance with the same pattern as shown in Fig.
3 except that the recording power is 9 mW, and the C/N ratio and the
erasing ratio are measured. The C/N ratio and the erasing ratio are as high
as 53 dB and 35 dB, respectively. 35 40 45 50 55 13    EP 0 294 932 B1 .6 .
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formed, to thereby obtain sample disk (r). The sample disks thus obtained
are examined  in the same manner as in Referential Example to 



determine the Pw, C/N  ratio, PE and AC  of each sample disk. The results
are shown in Table 5. As is apparent from  the results in Table 5, in the
case of the sample disk (r) having a recording layer not containing Pb, the
amorphization is performed only by the irradiation with a laser beam
having relatively high intensity, namely as high as 18 mW, and the erasing
ratio (AC) is low. By contrast, in the case of the sample disks (s) to (u)
each having a recording layer containing Pb in an amount of 1 to 30 % in
terms of the  number of atoms, the amorphization  can  be  performed  by
the irradiation  having  a relatively low intensity, namely from  9 to 12
mW, and the erasing ratio (err) are improved as compared to the sample 10
disk (r). However, if the amount of Pb in the recording layer is increased
to 50 %  in terms of the number of atom  [sample disk (v)], the erasing
ratio (err) and C/N  ratio are decreased. These results show  that the
amount of elements other than Te, Ge and Sb is preferably 1 to 30 % in
terms of the number of atoms, that is, 0.01[err] z [err]  0.3 in formula
(1). In the case of sample disks (s) to (u), the Irradiation with a laser
beam by changing its intensity between 15  the amorphizing  intensity  and
the crystallizing  intensity  i.e. overwriting  of the recording  layer can
be performed. ~26 40 45 50 55 15    EP 0 294 932 B1 0 0 .    .    0     +'
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I      Y)     L 1. A recording medium comprising a substrate having a
recording layer superimposed thereon, the recording layer being capable of
reversibly converting between an amorphous phase and a crystalline phase,
the reversible conversion being effective for recording and erasing
inforrmation, the recording 56     layer being composed of Sb, Te and Ge,
and characterised in that it further comprises at least one 



element selected from Pb, Bi, In, Sn and TI. 16    EP 0 294 932 B1 0 0
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1. A recording medium comprising a substrate having a recording layer
superimposed thereon, the recording layer being capable of reversibly
converting between an amorphous phase and a crystalline phase, the
reversible conversion being effective for recording and erasing
information, the recording 55     layer being composed of Sb, Te and Ge,
and characterised in that it further comprises at least one element
selected from Pb, Bi, In, Sn and TI.    EP 0 294 932 B1 2. A recording
medium according to Claim 1, characterised in that the crystallization of
said recording layer is effective for recording information on said
recording layer and the amorphization of said 



recording layer is effective for erasing information recorded on said
recording layer. 5  3. A recording medium according to Claim 1
characterised in that the crystallization of said recording layer is
effective for erasing information recorded on said recording layer and the
amorphization of said recording layer is effective for recording
information on said recording layer.        . . 4. A recording medium
according to any one of Claims 1 to 3, characterised in that Sb, Te, Ge and
said 10       element selected from the group consisting of Pb, Bi, In, Sn
and TI, are present in said recording layer in atomic ratios represented by
the formula: [err] 15         wherein M is at least one element selected
from the group consisting of Pb, Bi, In, Sn and TI, and [err] 5. A
recording medium according to Claim 3, characterised in that M is Pb. 20
6. A recording medium according to Claim 3, characterised in that M is TI.
7.  A method for recording and erasing information comprising irradiating
the recording layer of a recording medium according to any one of Claims 1
to 6 with a single laser beam at two different intensities to cause the
reversible conversion between the amorphous and crystalline phases
respectively, thereby .25    forming amorphous areas and crystalline areas
in the recording layer to correspond to predetermined information.
Patentansprilche -o9  1. Aufzeichnungsmedium, welches ein Substrat mit
einer auf diesem abgelagerten Aufzeichnungsschicht  - - umfalt, wobei die
Aufzeichnungsschicht zum reversiblen Obergang zwischen einer amorphen Phase
-und elner kristallinen Phase befahigt ist und der reversible Obergang das
Aufnehmen und Ldschen von Informationen bewirkt, und wobei die
Aufzeichnungsschicht aus Sb, Te und Ge und mindestens einem unter Pb, Bi,
Sn und Ti ausgewahlten Element besteht. 35. 2. Aufzeichnungsmedium gemrB
Anspruch 1, dadurch gekennzeichnet, daB die Kristallisation der Auf-
zeichnungsschicht die Aufzeichnung von Informationen auf der
Aufzeichnungsschicht bewirkt und daB die Umwandlung in die amorphe Phase
der Aufzelchnungsschicht das Ldschen der auf dieser Aufzeichnungsschicht
aufgezeichneten Informationen bewirkt. .....40 ...... 3.
Aufzeichnungsmedium gemaB Anspruch 1, dadurch gekennzeichnet, daB die
Kristallisation der Auf- zeichnungsschicht das LWschen von auf dieser
Aufzeichnungsschicht aufgezeichneten Informationen bewirkt und daB die
Umwandlung in die amorphe Phase der Aufzeichnungsschicht das Aufzeichnen
von Informationen auf dieser Aufzeichnungsschicht bewirkt. 45 4.
Aufzeichnungsmedium gemAB einem der AnsprOche 1 bis 3, dadurch
gekennzeichnet, daB Sb, Te, Ge und das aus der Gruppe aus Pb, BI, Sn. und
Ti ausgewthlte Element in dieser Aufzelchnungsschicht in AtomverhAltnissen
vorhanden sind, die durch die Formel so     (TeeeySb1-X-Y)1-ZMZ dargestellt
sind, worin M mindestens ein aus der Gruppe bestehend aus Pb, Bi, Sn und TI
ausgewahites Element ist und 0,3 5 x S 0,7, 0,1 5 y, 0,01 S z S 0,3 und x +
y < 1 gilt. 55  5. Aufzeichnungsmedium gemafB Anspruch 3, dadurch
gekennzeichnet, daB M fOr Pb steht. 6. Aufzeichnungsmedium gemaB Anspruch
3, dadurch gekennzeichnet, daB M fUr TI steht. ~~~~~~~~~~._ ........  |17.
EP 0 294 921                                                       . ....
7. Verfahren zum Aufzeichnen und Loschen von Informationen, das darin
besteht, daB die Aufzeichnungs- 



schicht eines Aufzeichnungsmediums gemrB einem der Ansprrache 1 bis 6 mit
einem einzelnen --Laserstrahl mit jeweils zwei uiterschiedlichen
Intensit~ten bestrahit wird, wodurch der reversible.    - Obergang zwischen
der amorphen und der kristallinen Phase verursacht wird und dadurch amorphe
5    .. Bereiche und krlstalline Bereiche in der Aufzelchnungsschicht
ausgebildet werden, die der vorbestimm- ten Information entsprechen.
Revendicatlons 10  1. Support d'enregistrement comprenant un substrat sur
lequel est appliqu~e une couche d'enregistre- ment, la couche
d'enregistrement etant susceptible de se transformer ndversiblement entre
une phase amrorphe et une phase cristalline, la transformation reversible
permettant d'enregistrer et d'effacer des informations, la couche
d'enregistrement consistant-en Sb, Te et Ge, et en au moins un 6lment
choisi parmi Pb, Bi, Sn et TI. 15 2. Support d'enregistroment suivant la
revendication 1, caractdrisd en ce que la cristallisation de la couche
d'enregistrement permet d'enregistrer des informations sur la couche
d'enregistrement et le passage a l'6tat amorphe de la couche
d'enregistrement permet d'effacer des informations enregistr~es sur la
couche d'enregistrement. 3  Support d'enregistrement suivant la
revendication 1, caract*ris4 en ce que la cristallisation de la couche
d'enregistrement permet d'effacer des informations enregistrees sur la
couche d'enregistrement et le passage a l'Ntat amorphe de la couche
d'enregistrement permet d'enregistrer des informations sur la couche
d'enregistrement. 25 4. Support d'enregistrement suivant I'une quelconque
des revendications 1 A 3, caract~rls6 en ce que Sb, Te, Ce et ledit 6lment
choisi parmi Pb, 81, Sn et TI sont presents dans la couche d'enregistrement
en des rapports atomiques repr6sentds par la formule: 30    -TeeSb-,
-y)1-.M. dans laquelle M est au moins un 4lment choisi parmi Pb, Bi, Sn et
Tl, et 0 3 S x S 0,7, 0,1 S y, 0,01 S zSO,3etx + y<1. 35  5. Support
d'enregistrement suivant la revendicatlon 3-caracteris6 en ce que M est Pb.
6. Support d'enregistrement suivant la revendication 3, caract6ris6 en ce
que M est TI. 7. Proc6dd d'enregistrement et d'effacement d'informations,
qui consiste a exposer la couche d'enregis- 40     trement d'un support
d'enregistrement suivant l'une quelconque des revendications 1 a 6 a un
faisceau laser unique a deux intensitds difffrentes pour provoquer la
transformation r6versible entre les phases amorphes et cristalline
respectivement, de manibre a former des surfaces amorphes et des surfaces
crlstallines dans la couche d'enregistrement qui correspondent a des
informations prescrites. 45 50 56 18              11111,1111il113111 ill,
111111    


