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-TITLE OF THE INVENTION

MULTILAYER OPTICAL DISK

BACKGROUND OF THE INVENTION

Field of the Invention

The presénf inveption relates tb a multilayer optical
disk having a multilayer structure consisting of a multiplicity
of iayers for storing information and thus.capable of handling
large—capacity information. | |

Related Background Art

In recent years, the prosperity of so—-called multimedia

results in a necessity of handling large—capacity information,-'

such as a digital movie. Therefo?e,_a“necessity arises in that
large—capacity information of the foreéoing type must be stored
and random—accessed'so as to be reproduced, if need arises.

An_fﬁtical disk is a storage medium permitting rgndom
.access, éxhibi£iﬁg a large capacity and capable of being ejected .
(being removable) from a regenefating apparatus. Therefore, the
optical disks have begn used in a variety of fields in a large
quant;ty. In order to-enlérge the capacity as described above,
one side of the optical disk must be capable of handling large-—
capacity information.

Under -the forégoing circumstance, the capacity of the
optical disk has been enlarged by a means attempted such that

a multiplicity of layers for storing information. are laminated
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in the direction bf the thickneés of .the optical disk.

"Amultilayer optical disk has a multilayer_structure formed
on one side thereof and consisting of information layers for
storing information, wherein the focal points are made to be
different from one another among the multiple layers sa that
information is read while maintaining random access
‘characteristic add, therefore, large;capacity information is
handled by a large capacity.

Reported and representative multiléyer optical disks will
now be described.

1. A concept for reproducing thg opﬁical disk by making
the positions of the focal points to be different' from one
- another (fefer to, for example, U.S. Patent No. 3,946,367).

2. A method using a multilayér disk having an information
layer formed by laminatiﬁg a plurality.of layers on one side of
" the dis%;so that information is read by means of transmitted
light or reflecteq light (refer to, for example? U.S. Patent No.
4,219,704). |

3. A system for reﬁroducing information from a m;ltilayer
'opticalidisk, the systéem comprising an optical system ha?ing an.
aberration .correction function (refer to U.S. ‘Patent No.
5,202,875).

In order to reproduce the conventional multilayer optical
disk of .the foregoing type, an exclusive apparatus for -

reproducing the optical disk is required. For example, there
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arises a requirement for a reproducing optical system capable of
independently repfodﬁcing a reproduction signal from the first
information storgge layer or the second information storage layer
without mixing. As an alternative to this, a signal ppocessing
system is required which is —capable of distinguishing
reproduction signals from the fir;t iqformation.storage layer and
the second inforhation*storage layer from each other so as to
extract information without confusion.

Therefore, a reproducing apparatus, such as a compact disk
ﬁlayer for reproducing a so-called compact disk (CD) which has
been used widely as a read—-only optical.disk, cannot be used as.

it is.

OBJECT AND SUMMARY OF THE INVENTION

Acéordingiy,_an object of .the present invention is to

.provide a novel multilayer optical disk having an information

— .

'étorage layer, which can as well as be reproduced by a generél-

purpoée reproducing apparatus, such as a compact disk player, and
enabling information to be read from the other infqrmation
storage layers if an exclusive reproducing apbaratus is used.
In order toiachieve the foregoing object, inventors of the
present invention have enérgetically'performed investigations fof
a long time. Thus, the spectroscopic charactefistic of_each

information storage layér is contrived, thus resulting in that

a novel multilayer optical disk being realized which is capable
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of detecting and reading information of an'arbitrary information
storage layer in accordance with the wavelengths of reproducing
light and enabling a usual reproducing apparatus to read a signal
supplied from any information storage ' layer, the usual
feproduéing apparatus being.an apparatus.which has been used
widely.

That is, the multilayer optical disk according to the
present invention has;a structure sgch that the reflection factor
6f one of the plural information storage layers with respect to
a wavelength of 770 nm to 830 nm is made to be
70 % or higher and other information storage layers can be
reproduced with a reproducing light beam having a wavelength
different from the'foregoing wavelength. |

Speéificaily, as shown in Fig. 1 for example, a first
information—-storage layer 2 and a second information—-storage
layer 3 aré formed on a substrate 1. When the outer surface of
the subéz;ate.l is irrgdiated with reproducing light under the
following conditiohs: the first infbrmatioh—storage layer 2 has
a reflection factor Ri of 70 % or higher with resﬁect to a
reproduciné light beam having a wavelength of 770 nm to 836 nm;
and the second information—-storage layer 3 is transparent (has

light transmission properties and has a low reflection factor R2)

‘with respect to a reproducing light beam having the waﬁelength

of 770 nm fo 830 nm, and opague (has low light. transmission

properties and has a high reflection factor R2) with respect to
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another-reproducing light beam having another wavelehgth (a

reproducing light beam having a second wavelength), only the

_firsf information-storage layer 2 can be ~read with the

reproducing light beam having the wavelength of 776 nm to 830 nm.
With the reproducing light Seam having the second wavelength,
only the sécond information-storage layer 3 or both of the first
information—-storage layer 2 and second information—storage.layer
3 can be'fead. Whether the first information—sforage iayer 2 can
be read with the feproduéing light beam having the second
wavelength depends upon the reflection factor R2 and the light
transmission property characteristic of the second information-
storage layer 3 with respect to the light beam having tﬁe second
wavelgngth, the reflection factor .R1 of the first information—.
storage layer 2 with respect to the light beam having the second
wavelength, and the like. ... .

The multilayer optical disk according to the preéent
— .

'invention may, as well as the foregoing laminated structure

(structure in.which the information storage layers are laminated
and formed on the substrate 1) employ, for example, a bonding
structure. If the bonding structure is employed, image signal
portions for the respective informatién'étordgefiayers caﬁ ge
forﬁed by'injection molding in place of fhe 2P method. Thus, an
advéntage can be obtained in manufacturing.

When the multilayer optical disk Having the foregoing

structure is manufactured, the sequential laminaffng order of the
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information Storage layer (the first information~storage layer
having the reflection factor of R1) having the reflection factor
of 70 % or higher with respect to. the wavelength of 770 nm to 830.
nm and the.information storage layer (the second information—
storagé layer having the reflection factor of R2) which can be
read with the second wavelength of the 1light beam may be
determined arbitrarily. If the first information—-storage layer
is formed adjacent to the substrate-(adjacent to the portion
irradiated with the reprodﬁcing light beam), also the first
information—storage layer is required to have the spectroscopic
characterisiic and somewhat light transmission properties with
respect to the second wavelength of the reproducing beam. .If the
first information-storage layer is formed in the rear of the
second informatipn—storage layer, only the reflection factor with
respect touthe waveleﬁgth of 770 nm to 830 nm is required to be
conside{id. Therefo?e, a metal film, such as an AL film, having
a high reflection factor may be employed.

Since the first information—storage layer is an information
storage layer having.a compatibilify with the compact disk, it
is preferable that the first information—-storage Igyer be formed
at a position about 1.2 mm ‘apart from the surface to be
irradiated with the peproducing light beam in order to attain-t@e
optical <Ttompatibility. Therefore, whep the respective
inforﬁation. storage layérs are formed on, for'example, the

substrate 1, it 1is preferable that the thickness of each
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information storage layer be about 1.2 mm.
On the other hand, the second'information—storage'layer-must'
have the spectroscopic characteristic as described above.
Therefore, for example, a dielectric'multilayef film or a film
having a band gap near 700 nm and made of a semiconductor laser
material may be employed. The semicohdﬁcfor laser material is
exemplified by AlxGa(l-x)As, GaAs(1-x)Px and ZnxCd(1-x)Se.

A spacer layer for optically _séparating the foregoing
information storage layers from oné dﬁother may be formed between
£he respective information storage layers. It is preferable that
the spacer layer bé formed by a material having .light
transmissioﬁ properties. In order to reliably perform the
foreéoing optical separation, it is preferable that tﬁe thickness
of the spacer layer be 30 mm or thicker.

" To rgad information signals recorded on the multilayer

optical disk, a reproducing light beam having the wavelength of

'780 nm is employed as the first reproducing light beam and a

.reproducing light beam having another wavelength is employed as

the second reproducing light beam. The wavelength of the second
reprodﬁcing light beam may be de{:ermined arbitrarily if the
wavelength is different from that of the fifst reproducing liéht
beam. To #ttain the foregoing selectivity, it is preferable that
the wavelengths be différent from each other to a certain extent.
If an advantage is required in practical use,.it is preferable

that a reproducing light beam having a wavelength of about
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635 + 20 nm be employed. In the .case where the second
reproducing light Beam is used.to read information signals from
both of the first information—-storage layer and second
information—stérage layer, the positions of the focal points of
the information storage layers are requi}ed to be made to be-
different from oﬁé another so as to read the information signals
from the respective information storage layers.

The multilayer 'optical disk according- to the present
invention éomprising the plural information storage layers has
a structure such that one of the information storage layers has
the reflection factor of 70 % or higher with respect to the
waveléngth of 770lnm to 830 .nm which is the first wavelength of
the reproducing light beam.

Therefore, the foregoing information storage layer has a
compatibi}ity with so—callgd compact disks (music compact disks
and Roqjdisks for computers, that ié, CD-ROMs) . Also the
ihforma;ion signals reéorded on the foregoing information storage
layer can be reproduced by a reproduciné apparatus, such as a
compact disk player.

On the other hand, the seéond wavelength of the ;eproducing
beam which is different from the' first wavelength of the
reproducing beam is able to reproduce information signéis
recorded on only the second information-storage layer or
information signals from both of the first infOrmétion—storage-

layer and second information—-storage layer.
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That is, according to the present invention, information
from the first informaticn—storage layer and second information-
storage layer can be selected by changing the wavelength of the -
reprdducing light beam so that informétion is stored in a large

capacity. -

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view showing the basic structure of
a multilayer optical disk acccrding to the present invention;.

Fig. 2 is a schematic cross secticnal view showing
essential portions of an example of the'structuce of the
multilayer optical disk according to the present invention;

Fig. 3 'is a- graph showing the sﬁectroscopic
characteristic of the reflection factor of the mﬁltiiayer
optical disk shown in Fig. 2; | :

Fi%} 4 is a graph showing the spectroscopic
.characteristic of the reflection factor of a multilayer
optical disk having a second information—-storage layer formed
“into a triple-layer structure;

Fig. 5 is a graph showing_the spectroscopic
characteristic of the reflection factor of a muiti}ayef
optical disk having a second information—stofage layer formed
into a semiconcuctor layer haterial film;

Fig. 6 is &a schematic cross éectional view shoﬁing

essential portions of an example of a multilayer.optical disk
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having a structure comprising two substrates bonded to each
other;

Fig. 7 is a schematic cross sectional view showing

-éssential portioﬁs of another.examble of Fhe multilayer
optical disk having a structure comprising two substrates
bonded to. each other;

Fig. 8 is a schematic cross sectional view showing
esseétial poptions of a multilayer optical Qisk having.a first
information-storage layer formed adjacenf to the substrate and
formed by a triple—layer structure film;

Fig. 9 is a graph showing the spectroscopic
characteristic of the reflection factor of the multilayer
optical disk shown in'Fig: 7; and

Fig. 10 is a graph Showing the spectroscopic
characteristic of the reflection factor of a multilayer
optical_gisk having two informatiqn storage layefs which are

Si films.

DESéRIPTION OF THE. PREFERRED EMBODIMENTS

" Preferred embodiments of the_présent invention will now
be described in deﬁdil with reference to the drawings.
First Embodiment |

As shown in Fig. 2,;a multilayer optical disk according
to this embodiment has a structure such that a second

information-storage layer 13, a spacer layer 14 and a first
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information-storage layer 12 are, in this'sequential order,
formed on a substrate 11.

The subgtrate 11 is made of, for example, polycarbonate
or glass. If the substrate 11 is made of polycarbdnate) a so-
called 2P method is employed in such a manner thqt a
préjection and pit pattern, such as recording pits, is formed
as information td be exclusively reproduced.' In this
embodiment, a polycarbonate substrate having a thickness of
1.2 mm and made by injection molding is employed.

The second information-storage layer 13 is formed along
the projection and pit pattern of the substrate 11.to refleqt
a portion of light beams made incident upon the substrate 11
and perpit a-portion of the light beam to transmit
therethrough. Thus, the second informatioﬁ—storage layer 13
serves as a reflecting film for reading information in the
form of_Eﬁe projection and pit pattern to be exciusively
'reproduééd.

The spacer layer 14 is formed to optically separate the
second 1nformat10n—storage layer 13 and the first 1nformat1on—
storage layer 12 from_each other. Therefore, the spacer layer
14 must have a certain thickness. Specifically, it is
preferable that the spacer layer 14 be 30 mm or thickep. If
the spacer layer 14 is too.thin, light reflected by the first
'informationfstorage Iayer 12 and that reflected by the second

information—-storage layer 13 cannot sufficiently'be separated
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from each other and, therefore, accurate detection cannot
easily be performed. If.the spacer-layer 14 is too thick,
spherical aberration and the like take place. Therefore, the
thickness must be determined appropriately to prevent the
foregoing problems. .

The firét information—-storage layer 12 formed on the
second information-storage layer 13 through the spacer layer
14 is made of a material having a high reflection factor. The
reflection factor of the first information-storage layer 12 is
70 % or higher with respect to the wavelength of 770 nm to 830
nm; | |

To manufactﬁre the fqregoing.multilayer opticaf disk, the
substrate 11 is prepared initially, the substrate 11 having
the projection and pit pattern, such as pits, formed to
corresbond to information signals to be read from the second
informa?ion—storage layer 13. The substrate 11 may be made of
either glass or p1astic such as polycarbonate plastic. 1In the
case where the glass substrate.is employed,

a sd—called 2P (Photo Polymerization)-mefhod or the like-is
performed with which photosetting reéin is enclosed between
the glass substrate and a disk stamper, and then the
-photosetting reéin is irradiated with light from a pdsition on
the outside_of the glasé substrate so that the projection dnd
pit pattern is formed. Also in.fhe case of the plastic

substrate, the prdjection and pit pattern may bé formed by the
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2P method. However, an injection molding method using a

stamper is generally employed to form the projectiorn and pit
pattern:

Thg second information-storage layer 13 is, on the
substrate 11;;formed by a vacuum evaporation method or a
sputterihg_method.

Then, the spacer layer 14 is formed on the second
information-storage layer 13. Since the spacef layer 14 must
have é certain thickness, for example, a thickness of 30 um or
more, the spacer layer:14.is formed by applying ultraviolet-
curing resin or the like by a spin coating method. The spacer
. layer 14 may be formed into a laminated shape by plural times
of the laminating processes in each of which a layer having a
thiqkness of pm to 10 pym is - formed. The spacer layer 14 may
be formed by bonding a transpgrent shest.

Also lhe-spacer layer 14 must have pits or the like
formed'£§ correspond to‘the information signals to be recorded
on the first information—-storage layer 12. 'The foregoing pits
can‘be formed by the 2P method similar.to fhe foregoing
'projection and pit paftern.

After the spﬁcer layer 14 has been formed, thé'first
information-storage layer 12 is formed on the spacer layer 14.
Then, if necessary, a protect;ve film 15 is formed by
ultraviolet—curing resin or the like.

In this embodiment, the second information—étorage layer
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13 on the substrate 11 is in the form of a five-layer
structure fiim consisting of Si3N4/ Si02/ Si3N4/
'SiOZ/Si3N41ayérs. The five layers respectively have
thicknesses of64 nm/90 nm/64 nm/S0 nm/64 nm.

The refractive index n of Si3N4 is 2;0 and the extinction
coefficient k of the same is 0, while the refractive index n
of 8i02 is 1.5 and the extinction coefficient k of the same is
0. As a matter of course, materials having similar optical
characteristics may be employed to obtain a similar
chapacteristic.

The first information—storage layer 12 is an Al film
having a thickness of 100 nm. |

In the thus—-structured multilayer optical disk, the
reflection factor R2 of _the second information—étorage layer
13 (the f;ve—layer structure film) has a spectroscopic
charactigistic #s shown in Fig..3 such that the reflection
factqr R2 is 34 % with respect to light having a wavelength of
635 nm; and the reflection factor Rzlis substantially zero
with respect to light having the wavelength of 780 nm. That
is,-thé second information—-storage layef 13 has ngewhat
refractivity with respect to light having the wavgiength of
635 nm and permits light having the wavelength of 780 nm to
substantially transmit_theréthrough.

On the other hand, -the first information—-storage layer 12

(the Al film) has a reflection factor of 80 % or higher with
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respect to both of light beams which have penetrated the

second information-storage layer'13. Therefore, the
reflection factor RI1 of the first information—storage layer 12
with respect to the reproducing light beam is about 84 % Qith
respect to light having the Wavelength of 780 nm which |
substantially penetrates-fﬁe second information¥storage layer
I3 and about 38 % with respect.to light having the wavelength
of 635 nm which ﬁas somewhat penetrated the second
information—storage_layer i3.

"With the multilayer optical disk having the foregoing
structure, use of the reproducing light beam having the
wavelength of 780 nm enables reflected ‘light to be obtained
from only the first information—-storage layer 12 so that
information signals'recorded on the_first information—storage
layer 12 are read. Since the reproducing light beam having
the waveleﬁgth of 780 nm is used in the cdgpact disk player
'and the-Tike,.the information siénals recorded on the first
inforﬁafion—stor&ge layer 12 can as well as be reproduced by
the foregoing general—purpose reproducing apparﬁtus.

Since both of the first infqrmation—storage“layer 12 and
the second information—-storage layer 13 héve the reflecti&n
factor of about 30 % with respect to the reproducing light
beam having the wavelength of 635 nm, information sigpals can
be obtained. from theltwo layers 12 and 13. Thus, the

positions of the focal points of the reproducing light beams
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are made to be different from each other so that information
.is read from both of the first information-storage layer 12
and the second information—-storage layer 13.
Second Embodiment

A multilayer optical disk was manufactu;ed whiéh
comprised a second information-storage layer 13 in the form of
a triple-layer structuré-film and other layers respectively
having structures similar to those of the first embodiment.
Note that the second informatién—storage layer 13 was'in the
form of a triple—layer structure film, the triple layers
respectively being made of SixN(1-x)(n = 2.8 and k = 0)/Si3N4
(n = 2 and k = 0)/SixN(1-x)(n = 2.8 and
k = 0). The thicknesses of the respective layers were 40
nm/73 nm/40 nm.

Also;in this embodiment, the reflection factor Rl of the
first ieformation—storage layer 12 and the reflection factor
R2 of the second information-storage layer 13 have the
speqtroscopic characteristics as shown in Fig. 4. With the
reproducing light beam having the wavelength of 780 nm, only
the information signals recorded on the first information-
stofagé layer 12 caﬁ be read. With the reproducing light beam
~having the wavelength‘of 635 nm, information signals can be
read from both of the first information—-storage layer 12 and

the second information-storage layer 13.
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Third Embodiment

In this embodiment, the second information—storage
layer 13 is made of AlxGa(l-x)As which is a semiconductor
laser material and which has a thickness of 120 nm.

The first'informatjon—storage,layer 12 is an Al film
having a thickness of 100 pm. The other structures are the
same as those according to the first embodiment.

In the multilayer optical disk structured as described
above,'fhe reflection factor R2 of the second information-
storage layer 13 has a épectroscopic characteristic as shown
in Fig. 5 such that the reflection factor is about 32 % Qith
respect'to light having the wavelength of-635 nm and
substantially zero with respectlto light havihg the wavelength
of 780 nm. That is, the second information—-storage layer 13
has somewhat refractivity with respect‘to light haviné the
wavelengtﬁ of 635 nm'aﬁd permits light having the wavelength
"of 780 ;; to substantially transﬁit therethrough;l

On the other hand, the first information—storége léyer 12
(the Al film).has a reflection factor of 80 % or higher with
respect to both of the light beams which have penetrated the
second information—-storage layer 13. Therefore, the
reflection factor Rl of the first information~storage layer 12
with respect to light having the wavelength of 780 nm which
substantiélly penetrates the second info}mation-storage layer

13 is about 84 % and the refleétion factor R1 is about 36 %



is
with fespeét.to light héving the wavelength of 635 nm which
has substantially penetrated the second information-storage
layer 13. _

With the multilayer optical disk having ﬁhe foregoing
structure, use of the reproducing light béam having the
wavelength of 780 nm enables reflected light to be obtained
from only the first informatioh—storage layer 12 so that'
information signals are read from only the first information-
storage layer 12. On the other hand, since Both of the first
information—storage layer 12 and the second information-
storage layer 13 have the reflection factor of 30 % or higher
with respect to the reprodﬁcing light beam having the
anelengfh of 635 nm, information signals can be obtained from
both of the layérs 12 and 13. By making the posi;iqns of the
focal points of the reproducing lighf beams to be different
from eagg other, information can be read from the two layers‘
12 and 13.

Fourth Embodiment

As shown in Fig. 6, this embodiment has a structure such
that a secénd information¥storage layer 23 is fprmed on a
substrate 21 having ﬁ thickness of 0.6 mm; and a first'
informafion—storage'layér 22 is formed on a second substrate
31 having a thickness of 0.6 mm, the tWo substrates Zl-and 31

'being then bonded to each other through a bonding adhesive

layer 24 having light transmission propertiés;~ Thus, &
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multilayer optical disk according to this embodiment is
constituted.

Each of ﬁhe substrates 21 and 31 is a polycarbonate
substrate obtained by injectién mﬁlding or a glass substrate
manufactured by thé-ZP method. The structures of the
information storage layers 22 and 23 are similar to those
according to the first embodiment. A protective:film 25 is
fbrmed on the first information-storage layer 22.

Also with the multilayer optical disk having the
fofegoing structure, similar to the first embodiment,
reflected light was obfained from only the first information-
storage layer 22 with respect to the reproducing light beam
having the wavelength of 780 nm. With respect to the
reproducing liéht beam haying the wavelength of 635 nm,
reflected_light was obtained from the first information-.
storage_&ayer 22'aﬁd the second information—storage layer 23.

This embodiment may have another structure formed such
that the first subsfrate #nd the second substrate are bonded
'to each other with.tﬁe bonding adhesive layer 24 in such.a
manner that the first informatioh—storage layer 22 and the
sécond informétiqn—storage layer 23 face each other. -

Fifth ‘Embodiment

As shown in Fig. 7, this embodiment has a structure
arranged such that a second information—storage layer 43 is

formed on a first substrate 41 having a thickness of 1.2 mm, a
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first information—-storage layer 42 is formed on a second
substrate 51 having'a thickness of 0.6 mm, and the first and
second substrates 41 aﬁd 51 are, by a bonding adhesive layer
44, bonded to each othér in such a manner that the-
information-storage layers 42 and 43 face'each other.

Each of the substrates 41 and 51 is'a polycarbonate
substrate formed by injecfion molding. The structure .of each
of the information storage layers 42 and 43 is similar to that
of the first.embodiment. |

-Also with the multilayer 6ptical disk having.the

foregoing structuré, similar to the first embodiment,
reflected light was obtained from only the first information-
storage lgyer'42 with respect to the reproducing light beam
having the wa;elength of 780 nm. With respect to the
reproducing light béam having the wavelength of 635 nm,
reflected light was obtained from both of the first

J= .

information—-storage layer 42 and_second,information—storage
layer 43.

Since this embodiment has.the structure such that the
-first information—storage layer 42 ahd the second information-—
storage layer.43 are formed on the corresponding substrates 41
and 51, which are the polycarbonate substrates obfained by
injecﬁion molding, a technique, such as the 2P method, is nbt
required. Théréfore,'the mu?tilayér opticél disk according to

this embodiment can significantly easily be manufactured.
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Sixth Embodiment

As shown in Fig. 8, this embodiment has the structure
arranged such that a firsp information—storage layer 62 was
formed adjacent to a substrate 61: and then a second
information-storage layer 63 was fofmed on the first
information-storage layer 62 through a spacer layer 64.

The first information-storage layer 62 consjsts of three
. layers which respectively are made of SixN(1l-x)(n = 3.5 and
k = 0)/8i02(n = 1.5 and k = 0)/SixN(1-x)(n = 3.5 and k = Q)
respectively having thicknesses of 45 nm/195 nm/45 nm.

The second information-storage layer was an Al film.

Also the multilayer optical diék having the foregoing
structure enabled a spectroscopic characteristic of the
reflection factor as shown in Fig. 9 to be obtained. With
respect tq the reproducing light beam having the.waveléngth of
780 nm,_feflected light was obtaingd from only the first
.information—storage layer 62 as indicated by symbol R1 shown
-in Fig. 9. With respect to the reproduciné light beam having
the wavelength of 635 nm; the firsf information-storage layer
had the light transmission_properties so that reflected_light
" was obtained-frqm the second information—-storage layer 63 és
indicated by symbol R2 shown in Fig. 9.

Comparative Example
A multilayer dptical disk was manufactured which

comprised a Si films each having a thickness of 14 nm, the Si
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films being formed into the first and second information
storage layerg. Then, the spectroscopic characteristic of the
reflection factor of each Si film was measured.

As a result, the reflection faétor_of each Si layer
had no dependency upﬁn the wavelength as éhown in Fig. 10.
Since the.reflection factor is, in particular, low with
respect ﬁo light having the waveleﬁgth of 780 nm, the
compatibility with the compact disk and the like cannot be
maintained. -

Note that the present invention has the structure such
that the information storage ;ayer corresponding to the light
beam haﬁing the wavelength of 780 nm is formed in a CD format
thgt can be reproduced by a compact disk blayer. On the other
hand, the information storage layer corresponding to only the
light beam having the wavelength of 635 nm is recorded at a
density hiéher than, for example, fhat of the CD format.

—

Although the invention has been described in its
preferred form with a certain degree of particularity, it is
ﬁnderstood,that the present disclosure of the prefefred_form
can be changed in the details of construction and in the
combination and arrangement of parts without departing from
fhe spirit and the scope of the invention as hereinafter

claimed.



WHAT IS CLAIMED IS:

2s IOV
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1. A m&ltilayer optical disk comprising:

a plurality of information storage layeré, wherein one of
said blural informétion storage layers has a reflectién factor
of 70 % or higher with respect to a wavelength of 770 nm to
830 nm which is a first wavelength of reproducing light, and

other information storage iayers are reproduced with
reproducing light having a ;ecqnd wavelength which is

different from said first Wavelength of reproducing light.

2. A multilayer optical disk according.to'CIaim 1,
wherein each of said other information storage layers has a
reflection factor of 20 % or higher with respect to said
second wavelength of repréducing light.

3. A multilayer optical disk according to Claim 2,
— .
wherein said second wavelength of reproducing light is 615 nm

to 655 nm.

4. A multilayer optical disk aécording to Claim 1,
wherein a first'ﬁnformation—storage layer which is reprdduced
with reproducing light having said first wavelength and a .
second information—stordge layer which is reproduced with
: reprodgcing light having said second wavelength_are formed on.

a substrate.
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5. A multilayer optical disk according to Claim 1,
wherein a first substrate on which a first information—stérage
layer is formed which i; reproduced with reproducing light
having said first wavelength and a secohd substrate on which a
secoﬁd information-storage layer is formea which is'reproduced
with reproducing light having said second wavelength are

bonded to each other.

6. A multilayér,optical disk according to Claim 4.or 5,
wherein both of aﬁ information'signal recorded 6n said first
inforhation—storqge layer and an information signal recorded
on said second information—storage layer are reproduced with

reproducing light having said second wavelength.

7. A multilayer optical disk according to Claim 4 or 5,
wherein only an information signal recorded on said second
information-storage layer is reproduced with reproducing light

having said second wavelength.

8. A multilayer optical disk according to Claim 4.or 5,
wherein said second information-storage iayer is formed by a

dielectric multilayer film.

9. A multilayer optical disk according to Ciaim 4 or 5,

wherein said second information—-storage layer is made-of a



.

semiconductor material having a band gap near a wavelength of

25

700 nm.

10. A multilayer optical disk according to Claim 4,
wherein said first information-storage layer and said second
information—-storage layer are laminated through a spacer layer

having light trénsmission properties.

11. A multilayer optical disk according to Claim 4,
wherein said first informationfstorage layer and said second
information—-storage layer are, in this seduential order,

laminated on said substrate.

12. A multilayer optical disk according to Claim 4,
wherein said second information-storage layer and said first
—

information—storage layer are, in this sequential order,

iahinated on said substrate.

13. A multilaYef optical disk compfising a plurality‘df
information storage layers on a substrate,
| séid plurality of information storage layers_comprising
. a first information storage layer capable of transmitting
bne part of a first liéhﬁ beam having a wavelength of 615 to
655nm anq reflecting another parf of said first light beam;

a light-transmitting layer formed on said first
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information storage layer; and
a second 'information storage layer formed on said light-
transmitting laYer and haQing a reflection factor of 70% or
higher with respect to a second light beam having a wavelength

of 770 nm to 830 nm.

14. A multilayer obtical.disk according to claim 13,

wherein said first information storage layer contains SiN.



