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1 MJLTI - LAYER OPTI CAL DI SK BACKGROUND OF THE I NVENTION 1. Field of the
t'nvention The present invention relates to a lti-layer optical disk, in
whi ch information nmenory |ayer for storﬁﬁ@”ﬂﬁggﬂgﬁfﬁgﬁ S Eonstituted in a
formof a nmulti-layer and which can process a |large capacity of information
by changing a focal point of a read light to thereby reproduce the
information fromeach of the information nenory |ayers. Mor e
particularly, the present invention rielates to inprovenent in order to
reserve conpatibility to two types of the read lights having different wave
| engths.. 2. Description of the Related Art Recently, in conjunction with
devel opment of so-called MULTI-LAYER OPTICAL DISK

BACKGROUND OF THE INVENTION

1.Field of the Invention

The present invention relafes to a mﬁlti—layer optical disk,
in which information memory layer for storing information |is
constituted in a form of a multi-layer and which can process a
large capacity of information by changing a focal point of a read
light to thereby reproduce the information from each of the
information memory lgyers. More particulafly, the present
invention relates to improvement in order to reserve compatibility
to two types_of the read lights having different wave lengths. .

2. Description of the Related Art

Recently, in :conjunction with develoﬁment of so-called
multi-media, it has ‘been strongly required to store a largé
capacity of informﬁtion, suqh-as digital animation, carry out a
random-access and reproduce as necessary.

An'optical disk, for example a compact disk'gnd the like, is
an information memory medium having features that it can carry out
the random-access; has a large capacity and is removable. Although

" the optical disk is used widely in various fields, if is required
to process larger information on one surface of the disk than that
-of a conventional type because of the above menti&ned necessity.

In view of the above mentioned circumstance, a multi-layer
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multi-nmedia, it has been strongly required to store a |arge capacity of
information, such-as digital animation, carry out a random access and
reproduce as necessary. An optical disk, for exanple a conpact disk and the
like, is an informati on nenory nedi um having features that it can carry out
the random access, has a |large capacity and is renovable. Al though the
optical disk is used wdely in various Eields, It is-required to process

| arger information on one surface of thée disk than that of a conventi onal
type becapigcafi kh%kaQQNQnﬂthHQR%QmBQ@EEZh&Mor}nl&&é%%Ofoihﬁuﬁhﬁﬁﬁthe

mentioned circunstance, a nulti-layer

information are laminated in a thickness direction in a form of the
multi-layer is proposed in order to expand a capacity of the
optical disk. This multi-layer optical disk makes the information
memory layer in a form of the multi-layer to extremely increase the
amount of information that can be read out from the one surface of
the disk. Also this multi-layer optical disk can process a large
capacity of information, without losing the random—access function,
by changing the focal point of the read light.on the basis of each
of the information memory layers.

| The followingé are typical reports with respect to the
multi-layer disk:

(1) a concept of reproducing a multi—layer disk by changing
a focal point (U.S.A. Patent No;3946367);

(2) a method of-reading out by means of transmission light
or reflection light by using a multi-layer optical disk having
information memory layers laminated in a form of several layers on
one surface of a substrate (U.S.A. Patent No.4218704); and

(3) A reproducing system for a multi-layer optical disk
having an aberration correcting function within an’optical system
(U.S.A. Patent No.5202875). _

The followings are actual configurations of the multi-layer
optical disk:

(1) a dedicated reproduction two-layer optical disk (w.Imaio,

H.J.Rosen, K.A.Rubin, T.S.Strand, and M.E.Best,  Proc, SPIE



optical disk in which information nenory |ayers for storing the information
are lamnated in a thickness direction in a formof the nulti-layer is
proposed in order to expand a capacity of the optical disk. This

mul ti-layer optical disk makes the information nenory layer in a form of
the multi-layer to extrenely increase the anount of information that can be
read out fromthe one surface of the dislk Al'so this nmulti-layer optical

di sk can process a large capacity of information, w'thout |osing the

random ageess3 $8iNcdp Ok a byDohwrrgiorg giehe Dhaaabo pat Nt 1994 thie 2s@aadsbi) ghtnen

the basis of each of the information nenory |ayers. The follow ngs are

typical report{€)wi td weipecbnte ttiy@emtiwoi-llaager opitdkcal( 8)isk dEndeptboh, -

reproducing a multi-layer disk by changing a focal point (U S A Patent

No. 3946387y .Rosen, W.W.Tang, W.Imaio, and T.S.Strand, Proc. SPIE vol.2338,
Optical Data Storaée, Dana Point, 1994 pp.247-253).

In all of the above mentioned disks, the disk is designed in
such a way that the information memory layer has construction of
a multi-layer, that translucent material having a high ligﬁt
transmittance, such as dielectric film or dye, 1is used as
configuration material df a record layer near the substrate (a
first information memory layer), and that a reflectivity R: from
the first information memory layer is hearly equal to a final
reflectivity.TﬁRz from a second information memory layer. Here, R
is the reflectivity of the first information memory layer, T: is
the transmittance of the first information memory layer, and R; is
the reflectivity of the segond information memory layer.

The reproduction performance of the multi-layer optical disk
is mainly determined on the basis of the reflectivity and the
transmittance in the first information memory layer formed on an
incident side of the read light. However, these items depends on
spectral characteristics (a refractive index n and an extinction
coefficient k) of the translucent‘film material used in the first
information memory layer, and a film thickness thereof.

However, in general, there is wave length dependency in

optical constants, such as the refractive index n, the extinction

coefficient k¥ and the like. Therefore, selection of the material



(2) a nethod of reading out by neans of transmission light or reflection
tight by using a nulti-layer optical disk having informtion-nmenory |ayers
|am nated in a formof several |ayers on one surface of a substrate (U S. A
Pat ent No. 4219704); and (3) A reproducing systemfor a nulti-I|ayer
optical disk having an aberration corregting function wthin an optical
system (U. S. A Pat'ent No.5202875). The followi ngs are actual configurations
of the nulti-Ilayer optical disk: (ig_ a dedi cat ed .reproduction two-1|ayer
optical f s¥e \wreratvcent figgserovidingas APtimun gepsrducing ndigése;

Proc, SRLF a disk construction such.as a film thickness and the like are
varied on the basis of a wave length of a used read light, for
example, a semiconductor laser. Thus, for example, in a case of
a multi-layer optical disk adjusted for the read light having the
wave length of 635 nm, the reproduction is not always carried out
under a correct condition, and it is necessary to prepare a disk
adjusted separatefy, in the other read light wave length of, for
example, 480 nm. Thus, there is a defect in so-called
compatibility and the like.

Especially, since making the wave length of the read light
shorter is an indispensable technical subject in makihg the
capacity of the optical disk larger, it is very important to solve

the above problem of compatibility.

SUMMARY OF THE INVENTION

It is therefdre an object-of the-present invention to provide
a multi—layef optical disk, in which even if the wave length of the
read light is changed at a time of reproducing, both of
reproduction signals from a first information memory layer and a
second'infprmation memory layer have sufficient levéls.

The inventofs of the present invention have researched for
long'in order to attain the above_mentioned object. As a result,
it is discovered that the reflectivity froﬁ the respective layers

in the second read light wave length can be nearly equal to each

rd



3 vol . 2338, Optical Data Storage, Dana Point, 1994 pp.254-259); and (2) a
Wwite once type two-layer optical disk (K A Rubin, H J.Rosen, WW Tang,
Wlmaio, and T.S. Strand, Proc. SPIE vol.2338, Optical Data Storage, Dana
Poi nt, 1994 pp.247-253). In all of the above nentioned disks, the disk is
designed in such a way that the information menory | ayer has construction
of a multi-layer, that translucent materdal having.a high |ight
transmittance, such as dielectric filmor dye, is used as configuration
mat eri al othear r espr dekaysg mbar siphe tydhstomiracteariststsi Mithematifeacrensry
| ayer), and that, a reflectivity [err] fromthe first information nenory
| ayer is indgxl p andiathe @xtinhctapnredd ffdtciientyk)epf] the ofi zs Sdadiedmation
information nmenory |layer. Here, [err] is the reflectivity of the first
infornati"éﬂi“‘?ﬂmwy?éyéf’, zTe?QTrq%t range in the first read light wave

length. Further, the multi-layer optical disk having an actual
reflection coefficient can be implemented. Accordingly, the
present invention can be completed.

Namely, the present invention is gharacterized by a
multi—layef optical disk, in which a first information memory layer
and a second information memory layer are sequentially film—-formed
on a substrate and.information recorded on the firsé information
memory layer and'the second inférmétion memory layer are reproduced
by irradiating the reéd light from a substrate side,

wherein the fifst information memory layer and the second
information memory layer can be reproduced by a first read light.
and a second read light which is shorter in wave length than the
first read light, and

wherein the first information memory layer is made of material
in-which the refractive index n ahd the extinction coefficient k

in a wave length area of the first read light meet the following

conditions:
0 <k < 0.25
n=oa- k.+ 2.8
(where « is a constant and 0.15 : «  0.45)
The above mentioned conditions are represented by the slant

line area in Fig.l, when the refractive index n is indicated on a



the transmttance of the first information nenory |ayer, and [err] is the
teflectivity of the second information nenory |ayer. The reproduction
performance of the nmulti-layer optical disk is mainly determ ned on the
basis of the reflectivity and the transmttance in the first information
menory. |l ayer formed on an incident side of the read |ight. However, these
I tems depends on spectral characteristics (a refractive index n and an
extinction coefficient k) of the translucent filmmterial used in the
first infaorakzioananeariy hayethe agwl nddildh tchiedltiesent hrr of i ndydRedr onl N
general, there is wave | ength dependency in optical constants, such as the
refracti ve veaéxcal thbsextinction coefficient k and the |ike. Therefore,
sel ection of the materi al

The film can be constituted in which both of the reflectivity
from the first information memory layer and the second information .
memory layer are-sufficiently large, in both the read light wave
lengths of, for example, 635 nm and 480 nm, by selecting
translucent film material of the first information memory layer so
as to meet the above conditions. It is possible to arbitrarily
switch the information between the first information memory layer
and the second information memory layer to thereby reproduce, by
changing the focal point to reproduce. That is, it is possible to
implement a large capacity of a multi-layer optical disk having two
wave length compatibility.

However, if the spectral characteristic of the first informa-
tion memory layer is too largely varied in the second read light
wave length, an area in which the above compatibility can be
attained becomes narfow, and at last such an area does not exist.
Thus, it is desirable that a difference .k between an extinction
coefficient in a wave length area of the first read light of the
first information memory layer and an extinction coefficient in a
wave length area of the second read light is equal to or less than
0.3.

As the translucent film material which meets the above

- mentioned conditions, there is, for example, Si system material

including hydrogen and at least one of nitride and oxygen, such as



4 of the translucent filmproviding an opti numreproducing condition, or a
Hi sk construction such as a filmthickness and the like are varied on the -
basis of a wave length of a used read |ight, for exanple, a sem conductor

| aser. Thus, for exanple, in a case of a multi-layer optical disk adjusted
for the read |ight having the wave length of 635 nm the reproduction is
not always carried out under a correct copdition, and it is necessary to
prepare a di sk adjusted separately, in the other read |light wave | ength of,

for exanp§e-n-¢#8Csi W0y, silu®-u bH&M Enel Pixd defect in so-called

conpatibility and the like. Especially, since naking the wave | ength of the

read |ight shorhermistanlayéh spefiscall @ilsRChni a3kofHRhE6t wi th Mkd NErd Gt
invention is constituted in such a way that the first information
memory layer and the second inférmation memory layer which meets
the above mentioned conditions are sequentially film-formed on the
substrate. Here, the film thicknesses of the .respective.
information memory layers are arbitrary. However, in order to
reserve the two wave length compatibility, it is desirable that the
film thickness of the first information memory layer is between 40
nm and 60 nm. |

In the multi-layer optical disk having the above mentioned
configuration, it is desirable to dispose a spacer layer between.
the first information memory layer and the second information
memory layer, in order to sﬁrely separate the focal points in the
'respective infqrmation memory layers. It is also desirable that
this spacer.iayér is made of optically transparent material and a
fhickness thereof is equal to or more fhan 30 um.

In the present invention, it is possible to arbitrari;y set
the wave length of the first fead light and the wﬁve length of the
second réad light. However, the wave length area of the first read
light is selected between 630 nm and 690 nm,.for example 635 nm,
for utilization. . On the other hand, the wave length area of the
second read light is assumed té.be shorter than that of the first
read light, and selected between 450 nm and 830 nm, for example 480

nm.



capacity of the optical disk larger, it is very inportant to solve the
above problem of conpatibility. SUMVARY OF THE INVENTION It is therefore an
obj ect of the present invention to provide a nulti-Ilayer optical disk, in
whi ch even if the wave length of the read light is changed at a tine
of reproducing, ‘both of reproduction gignals froma first information
menory | ayer and a second information nenory | ayer have sufficient |evels.
The inventors of the present invention have researched for -long in order to
attain the aboaecomnitnigonedtbbd|grdsenAs iaversibi jhavinigs tHe Seoves atkritianhekhe
reflectivity fromthe respective layers in the second read |ight wave

| engt h casebllgwratipneqtia¢ tef legdhon coefficients from the first informa-

tion memory layer and the second information memory layer can be
made nearly equal to each other and practical. As a result, it is
possible to implement the multi-layer optical disk having the
compatibility to the two wave length read lights.

Furthér objects and advantages of the present invention will
be apparent from the following description of the preferred
embodiments of the invention as illustrated in the accompanying

drawings.

'BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 is a characteristic graph indicating a correct range
between a refractive index n and an extinction coefficient k in a
first information memory layer;

Fig.2 is a section view that schematically -shows a main
portion_of bne configuration example of a multi—lé&er opticai disk
to.which the present invention is applied; .

Fig.3 is a section view that schematically shows a main
portion and illustrates other configuration example of a
multi-layer optical disk to which the present invention is applied;

Fig.4 is a diagrammatic view showing reflection light from
respective inform;tion memory layers;

Fig.5A is a- characteristic graph indicatiné reflection

coefficient Ry, R:, and Rv in a case of a wave length of 635 nm .
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5 other, by setting the spectral characteristics (the refractive index n
and the extinction coefficient k) of the first information nmenory |ayer to
a correct range in the first read |ight wave | ength. Further, the
multi-layer optical disk having an actual reflection coefficient can be
I mpl enent ed. Accordingly, the present invention can be conpleted.
Nanely, the present invention is charact 8rized by a multi-layer optical
disk, in which a first information nmenory | ayer and a second information
menory | a{sererzr.e redqaettival indéx| msF or8rechdor xa isubsbnat ee fifitk i exftorkwdt.ioan
recorded on the first information nenory |ayer and the second information
menory | adere dridne &fr ddgc¥@vBy lppebli at§3Hy nMs read |ight froma substrate
si de, L

Fig.5B is a characteristic graph indicating Ri, R:, and Ry in
a case of a wave length of 480 nm (where, n=3.32 and k=0.18 at a
time of the wave length = 480 nﬁ);

Fig.6A is a characteristic graph indicating R:, R:, and Ry in
a case of a wave length of 635 nm (where, n=2.95 and k=0.22 at a
time of the wave length = 635 nm);

Fig.6B is a characteristic graph indicating Ri, R:, and Ru in
a case of a wave length of 480 nm (where, n=3.28 andlk=0.33'at a.
time of the wave length = 480 nm);

Fig.7A is a characteristic graph indicating R:, R:, and Rv in
a case of a wave length of 635 nm (where, n=2.91 and k=0.06 at a
time of. the wave length = 635 nm); |

" Fig.8A is a characteristic graph indicating Ri, R:, and Ry in

a case of a wave length of 635 nm (where, n=3.18 and k=0.17 at a
time of the wave length = 635 nm);

Fig.8B is a characteristic éraph indicating Ri, R:, and Ry in
a case of a wave length of 480 nm (where, n=3.4 and k=0.286 at 4
time of the wave length = 480. nm);

Fig.9A is a characteristic graph indicating Ri:, R:, and Rv in
a case of a wave length of 635 nm (where, n=2.81 and k=0.24 at a
time of the wave length = 635 nm);

Fig.9B is a characteristic graph indicating Ri, R:, and Ru in

a case of a wave length of 480 nm (where, n=3.1 and k=0.43 at a
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wherein the first information nenory |ayer and the second information
Trenory | ayer can be reproduced by a first read |ight and a second read
i ght which is shorter in wave |length than the first read Iight, and
wherein the first information nmenory |layer is nade of material in which the
refractive index n and the extinction coefficient k in a wave |length area
of the first read |light meet the follow A% conditions: 0 <k 0.25 n =
[err] - k + 2.8 (where a is a constant and 0. 15 O [err] 0.45) The
above nentimened epadvivéONserdth re@sesamyed by the slant line area in Fig. 1,
when the refractive index n is indicated on a
Fig.10A is a characteristic graph indicating Ry, Rz, and R¢ in
a case of a wave length of 635 nm {where, n=2.96 and k=0.02 at a
time of the wave length = 635 nm);
Fig.10B is a characteristic graph indicating Ri, Rz, and Ry in
a case of a wave length of 480 nm (where, n=3.22 and k=0.19 at a
time of the wave length = 480 nm);
Fig.1l1A is a characteristic graph indicating Ri, R:, and Rv in
a case of a wave length of 635 nm.(where, n=2.98 and k=0.24 at a
time of the wave Iength = 635 nm);
Fig.11B is a characteristic graph indicating Ri, Rz, and Ru in
a case of a wave length of 480 nm (where, n=3.31 and k=0.38 at a
time of the wave length = 480 nm);
Fig.12A is a characteristic graph indicating Ri, Rz, and Ry in
a case of a wave length of 635 nm (where, n=2.90 and k=0.12 at a
time of the wave length = 635 nm) ;
Fig.12B is a characteristic graph indicating Ri, Rz, and Rv in
a case of a wave length of 480 nm (where, n=3.28 and k=0;28 at a
time of the wave length = 480 nm);
Fig.13A is a characteristic graph indicating Ri, R:, and Rv in
a case of a wave length of 635 nm (where, n=2.82 and k=0.14 at a
time of the wave length = 635 nm);
Fig.14A is a characteristic graph indicating Ri, R:, and Rv in

a case.of a2 wave length of 635~nm (where, n=3.056 and k=0.02 at a

time of the wave length = 635 nm);
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6 horizontal axis and the extinction coefficient k is indicated on a
Vertical axis. The filmcan be constituted in which both of the
reflectivity fromthe first informati on nenory |ayer and the second
i nformati on nenory | ayer are sufficiently large, in both the read |ight
wave | engths of, for exanple, 635 nmand 480 nm by selecting translucent
filmmterial of the first information né&nry | ayer so as to neet the above
condi tions. It is possible to arbitrarily switch the information between
the first infdrigatudnisreaorhadaxteriandc tdwepedoddcant ognid,i @2, nEatDR kayer
to thereby reproduce, by changing the focal point to reproduce. That is, it
i s possit® ecase of a wave length of 480 nm (where, n=3.35 and k=0.16 at a
time of the wave length = 480 nm);
Fig.15A is a‘'characteristic graph indicating Ri, Rz, and Ry in
a case'of a wave length of 635 nm (where, n=2.90 and k=0.05 at a
time of the wave length = 635 nm); -
Fig.16A is a characteristic graph indicating Ri, R:, and Ry in
a case of a wave length of 635 nm (where, n=3.01 and k=0.04 at a
time of the wave length = 635 nm); .
Fig.16B is a characteristic graph indicating Ri, R:, and Rv in
a case of a wave length of 480 nm (where, n=3.28 and k=0.17 at a
time of the wave length = 480 nm);
Fig.17A is a characteristic graph indicating Ri, Rz, and Ry in
a case of a wave length of 635 nm (where, n=3.24 and k=0.05 at a
time of the wave length = 635 nm);
Fig.17B is a characteristic graph indicating Ri, R:, and Rv in
a case of a wave length of 480 nm (where, n=3.43 and k=0.17 at a
time of the wave length = 480 nm) ;
Fig.18A is a characteristic graph indicating Ri, R:, and Ry in
a case of a wave length of 635 nm (where, n=3.08 and k=0.15 at a
time of the wave length = 635 nm);
Fig.18B is a characteristic graph indicating Ri, R:, and Ru in
a case of a wave length of 480 nm (where, n=3.38 and k=0.27 at a

time of the wave length = 480 nm);

Fig.19A is a characteristic graph indicating R:, Rz, and Ru in
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inplenment a |arge capacity of a nulti-layer optical disk having tw wave
length conpatibility. However, if the spectral characteristic of the first
informa- tion nmenory layer is too largely varied in the second read |ight
wave | ength, an area in which the above conpatibility can be attained
becones narrow, and at |ast such an area does not exist. Thus, it is
desirable that a difference [err] betmeeq_ n extinction coefficient in a
wave length area of the first read |ight 'of the first information nenory

| ayer and,ag, gxt,pchi QQVQOFJJM IH 633 AmQURe ENGRDs A LA RS K-e15egend
read light 1s equal to or less than 0.3. As the translucent filmmateri al

whi ch neet smé her ahiw erdRNtlieaRed €068l thapns, there is, for exanple, S
-system material including hydrogen and at l.east one of nitride and oxygen,
such as Fig.19B is a characteristic graph indicating Ri, Rz, and Ry in
a case of a wave length of 480 nm (where, n=3.42 and k=0.26 at a
‘time of the wave length = 480 nm);
Fig.20A is a characteristic graph indicating Ri, R:, and Ry in
a case of a.wave length of 635 nm (where, n=3.08 and k=0.18 at a
time of the wave length = 635 nm); ‘
Fig.20B is a characteristic.graph indicating Ri, R:,, and Ruv in
a Ease of a wave length of 480 nm (where, n=3.4 and k=0.3 at a time
of the wave length = 480 nm);
Fig.21A is a characteristic graph indicating Ri, Rz, and Ry in
a case of a wave length of 635 nm (where, n=3.05 and k=0.12 at a
-time of the wave length = 635'nm);
Fig.21Blis,a characteristic graph indicating Ri, R:, and Ru in
a case of a wave length of 480'nm_(where; n=3.33 and k=b.25 at a
time of the wave length = 480 nm);
Fig.22A is a characteristic graph indicating Ri, Rz, and Ru in
a case of a wave length'of 636 nm (wﬁere, n=2.90 and k=0.16 at a
time of the wave length = 635'nm);
Fig.22B is a characteristic graph indicating Ri, R:, and Ry in
a case of a wave length of 480 nm (whére, n=3.25 and k=0.29 at a
time of. the wave length = 480 nm);

Fig.23A is a characteristic graph indicating Ri, Rz, and Rv in

a case of a wave length of 635 nm (where, n=3.10 and k=0.14 at a
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7 Si-NH Si-OH, Si-NNOHand the like. The nulti-layer optical disk in
accordance with the present invention is constituted in such a way that the
~first information nenory |ayer and the second information nmenory | ayer

whi ch neets the above nentioned conditions are sequentially filmfornmed on
t he substrate. Here, the film thicknesses of the respective.

I nformati on nenory |ayers are arbitrary. 13 However, in order to reserve
the two wave length conpatibility, it is desirable that the filmthickness
of the fi¢sShe IJ¥ WnERtdaQR TERREN Layes hs) petween 40 nmand 60 nm

Fig.23B is a characteristic graph indicating R:., Rz, and Ry in
.a case of a wave length of 480 nm {(where, n=3.35 and k=0.26 at a
time of the wave length = 480 nm);

Fig.24A is a characteristic graph indicating_R;, R:, and Ru in
a case of a wave length of 635 nm (where, n=2.85 and k=0.22 at a-
time of the wave length = 635 nm);

Fig.24B is a characteristic graph indicating Ri, Rz, and Ry in
a case of a wave length of 480 nm (where, n=3.15 and k=0.35 at a
time of the wave length = 480 nm) ;

Fig.25A is a characteristic graph indicating Ri, R:, and Ry in
a case of a wave length of 635 nm (where, ﬁ=3.¥7 and k=0.145. at a
time of the wave length = 635 nm);

Fig.25B is a characteristic graph indicating Ri, Re, and'Ru in
a case of a wave length of 480 nm (where, n=3.45 and k=0.3 at a
time of the wave length = 480 nm); -

DESCRIPTION OF THE PREFERRED EMBODIMENTS

ﬁext,'an actual configuration example of a multi-layer optical
disk to which the present iﬁvention is applied will be explained
in detail with reference to the drawings. As shown in Fig.2, the
multi-layer optical disk in accordahce'with the present invention
is cénstituted in.such a way that a first information memory layer
2 dedicated to reproduce, a spacer layer 3 and a second information
"memory layer 4 dedicated to reproduce afe sequentially film-formed

on a substrate 1. Further, a protective layer 5 made of
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In the nmulti-layer optical disk having the above nmentioned configuration,
it is desirable to dispose a spacer |ayer between. the first information
menory | ayer and the second information nenory |layer, in order to surely
separate the focal points in the respective information nenory |ayers. It
Is also desirable that this spacer |ayer is nade of optically transparent
material and a thickness thereof is eq to or nore than 30 [err]. In the
present invention, it is possible to arbitrarily set the wave | ength of the

first regdebbhofbiapd)§pey VRYPihENBEL; Of afdietRECODEeT €80 £birlBY - sEOWRVRL, the
wave | ength area of the first read light is selected between 630 nm and 690
nm for exasplend&d5 nm for utilization. On the other -hand, the wave |ength
area of the second read light is assuned to be shorter than that of the
first read |i@he,swnxkragleett may Dot wade 4f 590lawn ardh68D pol yher pbestpleg 480

such as poly—earbonate and the like. A first information is
recorded as a concave and convex pit, by means of a 2P (photo
polymerization) method and the like in a -case of the glass
substrate, or an injection molding method and the like in a case
of the high polymer plastic such as the poly-carbonate and the
like.

The first information ﬁemory layer 2 is film—formed on the
concave and convex pit of the substrate 1 by a predetermined film
thickness by using a vacuum evaporation method, or a spattering
method and the like, and defined as a dedicated reproduction layer.

Further, the spacer layer 3 is formed thereon. It is desired
that the spacer layer 3 has a thickness equal to or more than 30
pm. Thus, the spacer layer 3 is formed, for example, by ceating
with the ultraviolet light curing resin by means of a spin coating
method. |

And, a second information is recorded on a surface of the
spacer layer 3 as the conceve and convex pit, for example, by using
the ZP method and the like. Further,. the second information memory
layer 4 is film-formed thereon. In this embodiment,'since the
second information memory layer 4 is also defined as-the dedicated
reproduction Layer. an alum;num film with a thickness of 100 nm is

film—formed. Other materials can be used as configuratipn material



nm 8 According to the present invention having the above nenti oned
tonfiguration, the reflection coefficients fromthe first informa- tion
menory | ayer and the second i nformation nenory |ayer can be nade nearly
equal to each other and practical. As a result, it is possible to inplenent
the multi-layer optical disk having the npatibility to the two wave

| ength read |ights. Further objects and a@dvantages of the present invention
wi-ll be apparent fromthe follow ng description of the preferred

enbodi mené 5. dfhd heekbreNt ivfomfatildnustageed 4,0 tibe RECAUHEIANYi Nhfficient

-reflectivity in a used wave length area.  Further, the film
thickness is not limited to 100 nm. .Fﬁrther, a recording function
can be added as the second 'informatiOn layer 4 by using a
rewritable material represented by a magneto-optic material, a
prhase changeable material and the like of a write once type
ma;erial.

Various information memory layers are formed by using the
laminating technique in this embodiment. It is also possible, for
example, to stick two sheets of the substrate on which the various
informatién layers are formed to thereby.define the multi-layer
optical disk.

Fig.3 shows a multi-layer optical disk in which two sheets of
the substrate are stuck to each other. A first information and a
second information are respectively recorded as the concave and
convex pits on a first substrate 11 and a second substrate 12 made
of the high polymer plastic, such as the glass, .or the
poly—cafbonaté and the like, by means of the injection molding and
the like.

A translucent film, such as SiN, SiO: #nd the like, is formed
on the concave and convex pit of the firsf substrate by means of
thé evaporation, the spattering and the like, and thereby the first.
information memory layer 12 is formed.

An Al evaporation film is formed on the concave and convex pit

of the second substrate, and thereby the second information ﬁemory
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draw ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig.1 is a characteristic graph
Indicating a correct range between a refractive index n and an extinction
coefficient k in a first information nmenory layer; Fig.2 is a section view
that schematically shows a main portion of one configuration exanple of a , -
multi-layer optical disk to which the present invention is applied; Fig.3
Is a section view that schematically shd®s a main portion and illustrates
~other configuration exanple of a nulti-layer optical disk to which the
present i nygedion isS fyMRlelded; Fig.4 is.a diagrammtic view show ng
reflection light fromrespective information nenory |layers; Fig.5A is a
characteristicThgriptst isntiscatitagll red |wicitdhorthe first information memory
layer 12 is formed and a second substrate 13 on which a second
information memory layer 14 is formed are jointed to each other
through a transparent layer 15. The transparent layer 15 is cured,
.for example, by putting an ultraviolet 1light curing type of
transparent resin, which is a photo—curing type of transparent
resin, between both the substrates, and by compressing both of them
and irradiating ulY%raviolet 1light from a side of the first
"transparent substrate 11. .
In the multi-layer optical disk having the above mentioned
configuration;,in order to read out the information of the two
information memory layers from a surface of one information memory
layer, it is necessary that signals_from the first information
memory layer 2 and the second information memory layer 4 are
sufficiently large when read iight is irradiated from the a surface
of one information layer. In other words, this means that a
reflectivity R: of the first information memory layer 2 and a
reflectivity R: of the second information memory layer 4 shown in

Fig.4 are sufficiently large. It is desirable that the

reflectivity are 20 ¥ or more and 40 % or less to obtain a correct
reproduction signal.
Since it is necessary to adjust the signal amounts and make

them uniform at a time of reproducing the signals and a circuit

configuration become complicated, it is undesirable that the amount
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coefficient [err] [err] and [err] in a case of a wave |length of 635 nm 9
{where, refractive index n=3.18 and extinction coefficient k=0.04 at a time
of the wave length = 635 nm; Fig.5B is a characteristic graph indicating
[err], and [err] in a case of a wave length of 480 nm (where, n=3.32 and
k=0.18 at a tinme of the wave length = 48¢@7nm; Fig.6A is a characteristic
graph indicating [err], and [err]. in a case of a wave |ength of 635 nm
(where, n=2.95 and k=0.22 at a tine of the wave length = 635 nn); Fig.6Bis

a charact efi Stiigaagr glom neCati it [ AAfdrmat1@n] MenlordyN layer 2 is largely

different from that of signal from the second information memory
layer 4..

As a result, it is necessary that a difference between the
reflectivity R: of thé first information memory layer 2 and the
reflectivity R: of the second information memory layer 4 is small.
For example, in a case of setting Ru represented by a following
formula, it is desi;able that a value of Ry is 0.2 or iess in order

to obtain the correct reproduction signal.

LB Y®)
® R )

The fnventor of the present invention paid attention to the
material used in the first information memory layer 2 which is
assumed to have much influence on the above mentioned conditions
in order to develop a multi-layer optical disk which meets the
above conditions in both cases of the wave lengths of 635 nm and

-480 nm. They examined various materials having the differént
refractive. index n and different extinction coefficient k, and came
to the conclusion described below.

(1) The refractive index n and the extinction coefficient k
are limited which meet the conditions to function as the

multi-layer optical disk in both the wave lengths of 635 nm and 480
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a case of a wave length of 480 nm (where, n=3.28 and k=0.33 at a. tine of

t he .wave length = 480 nm; Fig.7A is a characteristic graph indicating
[err], and Ru in a case of a wave length of 635 nm (where, n=2.91 and
k:0.06 at atime of.the wave length = 635 nn); Fig.8Ais a characteristic
graph indicating [err], and [err] in a case of a wave |ength of 635 nim
(where, n=3.18 and k=0.17 at a tinme of tige wave length = 635 nm; Fig.8Bis
a characteristic graph indicating [err] and [err] in a case of a wave

| ength of 4801 éMNEIe _Ng3, -4, @”@ k=0 zgoﬁgt§n£ hé'NQJQaY@nkeﬂgﬁp

480. nm); Fig. 9A s a characteristic graph ndlca |ng err and [err

case of aakayf.| eAGhdveXf, &3 sNTs( MBI Ced NG dhl sae@ kndiddtad ®y td N Qf .
wave |l ength = 635 nn);

< 0.45 and 0 s k ¢« 0.25 (refer to Fig.1).

in a
t he

However, when considering an allowable film thickness range,
the range 0.25 : « s 0.35 is moré desirable.

(2) It is desirable that the amounts of change of the
refractive index n and the extinction coefficient k are small in
bdth the wave lengths. _Especially, iﬂ is desirable that the amoﬁnt
of change sk of the extinction coefficient k is 0.3 or less.

Incidentally, values of the refractive index n and the
extinction coefficient k in the material dépends on conditions for
generating (the conditions for film-forming, such as gas pressure
at a time of spattering, the spattering speed and_the like). The
values can be also adjusted by adding the othér element.

There are several materials which can meet the above mentioned
conditions in the wave length of 635 mm. A table 1 shows the
refractive indexes n and the extinction coefficients k, in the wave'
lengths of 635 nm and 480 nm, of the material, to which copper
oxide (Cu-0), silicon (Si), silicon nitride (Si-N), hydrogen-addi-
tion silicon nitride (Si-N-H) or hydrogen addition silicon oxide
(Si-0-H) .that are adjusted as the first information memory layer
of'the multi-layer optiéal disk for the read light wave length of
635 nm is added, and the values of the reflectivity Ri, Rz.and_Ru
when constituting the multi-layer optical disk having the above

mentioned construction.
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Fig.9B is a characteristic graph indicating [err], and [err] in a case of a
wave | ength of 480 nm (where, n=3.1 and k=0.43 at a 10 time of the wave
|l ength = 480 nm; Fig.1l0A is a characteristic graph indicating {err], and
[err] in a case of a wave length of 635 nm (where, n=2.96 and k=0.02 at a
time of the wave length = 635 nm; Fig.lOB is a characteristic graph
indicating [err], and [err] in a case ¥ a wave | ength of 480 nm (where,
n=3.22 and k=0.19 at a tinme of the wave length = 480 nm; Fig. 11Ais a
characteristic graph indicating [errlablend [err] in

Material | Film 635nm

Thickness

(nm) n k R: R Ry
Cu-0 58 2.98 0.11 30 32 0.06
Si 15 4.20 0.40 . 27 27 0
SI-N 60 . 2.85 0.16 - 28 30. . 0.07
Si-0-H ‘ 51 3.01 0.02 34 36 0.08
Si-N-H(1) 54 3.01 0.04 33 34 0.05
Si-N-H(2) 50 . 3.05 0.02 55 35 . 0.01

'Table_lfcontinued'

Material 480nm
ak
n 1 k R, R: Ru

Cu-0 3.10 | 0.44 16 16 0.01 0.33
si 4.49 1.28 36 7 1< 0.08
SI-N 3.00 0.51 13 12 0.08 0.35
Si-0-H 3.42 0.22 25 25 0.01 0.20
Si-N- 3.30 0.34 20 20 0.01 0.30
H(1)
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a case of a wave length of 635 nm (where, n=2.98 and k=0.24 at a tine of
the wave length = 635 nm; Fig. 11B is d characteristic graph indicating
[err], and [err] in a case of a wave length of 480 nm (where, n=3.31 and
k=0.38 at a tinme of the wave length = 480 nm; Fig.12A is a characteristic
graph indicating [err], and Ru in a case®f a wave |ength of 635 nm (where,
n=2.90 and k=0.12 at a tinme of the wave length = 635 nn); Fig.12Bis a
characteristic graph indicating [err], and.[err] in a case of a wave |ength
of 480 nigm{where, N¥3. 28 ang K=0. 28Jart a (I of The[fwave | =

nm; Fig.jl38it8-a chdra®t®Fi gtie. g aph dandicatiagg [erf] ., 0.@1d |
case of wHY &)l ength of 635{nm (wheje, n=2.82 and k=p. 14 at a[ tine of ||t he
wave | endth = 636 nnmi:

All of the materials.indicated in the table 1 can sufficientlf
obtain the reflectivity for.the first information memory layer 2
and the second information memory layer 4 in the wave length of 635
nm. Further, a difference between the reflectivity of the first
information memory layer 2 and that of the second information
memory layer 4 is sufficiently small. That is, it ié understood
that if using the materials desqribed in the table 1, the
multi—-layer optical disk can be constituted in the read light wave
léngth'of 635 nm.

However, when the same materials are constituted under the
same film thickness, a correct signal performance is not always
obtained and some of the above mentioned conditions areé not met,
in a case of using as the read light wave length of 480 nm.

| .For example, in a case of using the copper oxide, wﬁen using
the wave length of 635 nm, R: is 30 %, R: is 32 % and Rv is 0.06,
which are sufficiently small. Thus, it is possible to constitute
the multi—layer-optical disk- On the other hand, although'the
reflectivity of both thé information memory layers are uniform in
an area of the wave length of 480 nm, both of them are 16 %, which
is low. As a result, this material is not suitable for the
multi-layer 6ptica1 disk.

In a case of using Si, the multi-layer optical disk can be



Fig.14A is a characteristic graph indicating [err], and [err] in a case of
a wave |length of 635 i nm (where, n=3.05 and k=0.02 at a tine of the wave
| ength = 635 nm; Fig.14B is a characteristic graph indicating [err],
and Ru in a-case of a wave length of 480 nm (where, n=3.35 and k=0.16 at a
time of the wave length = 480 nm; Fig.13A is a characteristic graph
indicating [err], and [err] in a case of a wave |length of 635 nm (where,
n=2.90 and k=0.05 at a tinme of the wave length = 635 nm; Fig.16Ais a
char act erdogtsitd tgrregh inndncatesgo f evlid ,waaned llmgith afcase mh. a.qu@wé:enghh of
635 nm (where, n=3.01 and k=0.04 at a _
a case of using the same configuration of Si, in the wave length
of 480 nm, the difference between the reflectivity of both the
information memory layers becomes large. Thus, it is found that
this material is not suitable fpr the multi-layer optical disk.

In contrast with this, both of the hydrogen addition silicon
oxide (Si-O-H) and the hydrogen addition silicon nitride (Si—-N-H;
the amounts of the added hydrogen are different from each other in
(1) and (2) of the table.) comply with the performance as the
multi-layer optical disk in both the wave lengths of 635 nm and 480
nm. Further, an optical disk having a large capacity is completed
which can process both the information in the first information
memory layef 2 and the second information memory layer 4, and the
compatibility can_be reserved under the two types of the wave
lengths.

Next, in a case of the hydrogen addition silicon nitride, the
amount of the added hydrogen, the film forming condition and the
like are changed. Then, the first information memory layer 2.
having various refractive indexes n and the extinction coefficients
k are film-formed, so that the film thickness dependencies of R:,
R: and Ry are measured in both the wave lengths of 635 nm and 480
nm.

The results are shown ih Figs.5 to 25. The figure A in each

figure indicates the results of the film thickness dependencies

which are measured at the wave length of 635 nm, and the figure B
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time of the wave length = 635 nm; Fig.16B is a characteristic graph
indicating [err], and [err] in a case of a wave |length of 480 nm (where,
n=3.28 and k=0.17 at a tinme of the wave length = 480 nn); Fig.1l7A is a
characteristic graph indicating [err], and [err] in a casé of a wave |ength
.of 635 nm (where, n=3.24 and k=0.05 at a2rinme of the wave length = 635 nm;
Fig.17B is a characteristic graph indicating [err], and [err] in a case of
a wave length of 480 nm (where, n=3.43 and k=0.17 at a time of the wave

length =i480c063s i mbBAuredarehal acd ©rinet waver aphgithdo£ad8 0t er R], i and
[err] in a case of a wave length of 635 nm (where, n=3.08 and k=0.15 at a
time of trepreaeatbdngyha=s6Bbdrline. FiRy. i8Bresrasahtadidiyera doittedr hje .
indicating [err], and [err] in _ :
R: is represented by a broken line. A horizontal axis in a graph
indicates the film thickness (nm) of the layer, and a vertical axis
indicates the reflectivity with respect to R: and R:, and the ratio
on.the basis of R and Rz'wiéh respect to Ru. Incidentally, the
figure B is omitted in a case that there is no film thickness area
in which Ry complies with the value equal to or less than 0.2 under
the wave length of 635 nm.

Each measurement shown in Fig.5 to 25 has been conducted under
conditions corresponding to each point plotted in Fig.l. That is,
at the points plotted by the refractive index n and the extinction
coefficient k which_lie within a slant line area shown in Fig.1,
the first infofmation memory layer can have the common overlapped
film thickness ranges, which satisfy the requirements that the
reflectioﬁ'coefficient R: of the first information memory iayer 2
is equal to or more than 20 %, the reflection coefficient R: of the
second information memory_layer 4 is equal to 6r more than 20 % and
Ru is equal to or less than 0.2, with respect to both the read
lights having wavelength of 685 nm and 480 nm.

As a result, it is possible to.constitute the mulpi—layer
optical disk having the compatibility between the two wave lengths
of 635 ﬁm and 480 nm. |

On the other hand, in a sample departing from the slant line

area in Fig.1l, the above mentioned film thickness ranges do not



a case of a wave length of 480 nm (where, n=3.38 and k=0.27 at a tinme of

ihe wave | ength = 480 nn); Fig.19A is a characteristic graph indicating
[err], and [err] in 12 a case of a wave length of 635 nm (where, n=3.21
and k=0.11 at a tine of the wave length = 635 nn); Fig.19B is a _
characteristic graph indicating [err], gd [err] in a case of a wave length
of 480 nm (where, n=3.42 and k=0.26 at time of the wave |ength = 480 nm;

Fig.20A is a characteristic graph indicating [err], and [err] in a case of
a wave | RYREIRPOMIgEs respedfiete, thesres anighid=(havdngt the wave lengths of

635 nm and 480 nm. Thus, it is not possible to implement the
multi-layer optical disk having the two wave length compatibility.
In any samples, a condition in which the compatibility can be
reserved between the two wave lengths is limited to a case in which
- the film thickness of the first information memory layer 2 is close
to 50 nm. For this reason, it ié understood that the thickness of
the first information memory layer 2 is desirable to be within a
range from 40 nm to 60 nm. |
Many widely different embodiments of the present invention may
be constructed without'departing.from the spirit and scope of the
present invention. It should be understood that the present inven-
tion is not limited to fhe specific embodiments described in the

specification, except as defined in the appended claims.
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time of the wave length = 635 nm); Fig.20B is a characteristic graph
Indicating [err], and [err] in a case of a wave |ength of 480 nm (where,

n=3.4 and k=0.3 at a tine of the wave Iength = 480%
characteristic graph indicating [err], and [err] in case of a wave Teng th
of 635 nm (where, n=3.05 and k=0.12 at a time of th umj ”mm 5 nn)
Fig.21B is a characteristic graph indicatigng [err], se of
a wave |length of 480 nm (where, n=3.33 and k=0.25 at a ti'ms of the Wwave
| ength = 4@@a1mms doAgMEDAISS a characteristic graph indicating [err], and
[err] in aTase of—awavetength of 635 nm (where, n=2.90 and k=0.16 at a
time of the wakemudngthayeBb3spuipplFidisk2B irs whidlar act@mss:tlm@rmhmn
indicating [err], and Jerr] in
memory laver and a second information memory layer are sequentially
film-formed on a substrate and information recorded on the first
information memory layer and the second information memory layer
are reproduced by irradiating read light from a substrate side,
wherein said first information memory layer and said second
information memory layer can be reproduced by a first read light
and a second read light which is shorter in wave length than this
firét read light, and
wherein the first information memory layer is made of material
in which a refractive index n and an extinction coefficient k in
a wave length area of - said first read light comply with the
following conditions:
0 < k < 0.25
n=¢«¢-%+ 2.8
(where « is a constant and 0.15 < « < 0.45)
2. A multi-layer optical disk according to Claim 1, wherein a
difference sk between an extinction coefficient in a wave length
~area of the first read light of the first information memory layer
and an extinction coefficient in a wave length area of the second
read light is 0.3 or less.

3. A multi-layer optical disk according to Claim 1, wherein the

. wave length area of the first read light is between 8630 nm and 690

nm.
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a case of a wave length of 480 nm (where, n=3.25 and k=0.29 at a tinme of.
the wave length = 480 nm; Fig.23A is a characteristic

[err], and [err] in a case of a wave |length of 635 nm(amumlll "ﬂmmuml
k=0.14 at a 13 tinme of the wave length = 635 nm; Fig.*2 is a* s
characteristic graph indicating [err], and [err] in a case of a wave |l ength
of 480 nm (where, n=3.35 and k=0.26 at aziime of the wave length = 480 nm;

Fig.24A is a characteristic graph indicating [err], and [err] in a case of
a wave | dngt hAohub85- rememivartd,carl=2.i8% andokdn@2tatClaim 1, wherein the

first information memory layer is made of Si-system material having
hydrogen and at least one of nitride .and oxygen.

5. A multi-layer optical disk according to Claim 1, wherein a
film thickness of the first information memory layer is between 40
nm and 60 nm. |

6. A multi-layer optical disk according to Claim 1, wherein a
-spacer layer is formed between the first information memory layer

and the second information memory layer.
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time of the wave length = 635 nm; Fig.24B is a characteristic graph
i'ndicating [err], and [err] in a case of a wave |length of 480 nm (where,
n=3. 15 and k=0.35 at a tinme of the wave length = 480 nm; Fig.25A is a

characteristic graph indicating [err], agg [err] in a case of a wave length
of 635 nm (where, n=3.17 and k=0. 145 at time of the wave | ength = 635

nm; Fig.25B is a characteristic %hggh indicating Lerr], and [err] in a
case of a wave |ength of 488UKHIC 8 OREZCAE BfEKK=0.3 at a tine of the

wave | engt S%Ri%% B%)THBEﬁ E égkbCF THE PREFERRED ENBCDLNENTS Next, an

act ual cpﬁELgupaqua4auqu§§i§E4L4nnt|-Iayer optical disk to which the

pT oS gé:nt' ?ﬁg\%gﬂ:un?ﬁéémzi!on?%ggwbéé Ngdmit 1d86gel ¥bthed £igsdNCqnt 0
which even if a wave length of read light is changed at a_time of
reproducing, both of reproduction signals from a first information
memory layer and a second information memory layer have sufficient
levels.

In a multi-layer optical disk, in which a first information
memory layer and a second information memory layer are seqﬁentiélly
filﬁ—formed on a substrate and information.recorded on the first
information memory layer and the second information memory.layer
are reproduced by irradiating read light from a substrate side,

the first information memory layer and the second information
memory layer can be reproduced by a first read light and a second
read light which is shorter in wave lgngth thgn this first read
light, and

the first information memory layef is made of material in-

which a refractive index n and an extinction coefficient k in a

wave length area of the first read light comply with the following

conditions:
0 <k < 0.256
n=«-%k+ 2.8

(where « is a constant and 0.15 < « < 0.45)

Figure 2,3.



nul ti-layer optical disk in accordance with the present invention is
constituted in such a way that a first information menory | ayer 2 dedi cated
to reproduce, a spacer |layer 3 and a second infornmation nenory |ayer 4

dedi cated to reproduce are sequentially filmformed on a substrate 1.
Further, a protective layer 5 nmade of 14 ultraviolet light curing
resin and the like is forned so as to cover them The substrate 1 nmay be
made of gl ass or high polyner plastic, such as poly-carbonate and the

like. A first information is recordéd24s a concave and convex pit, by
means of a 2P (photo
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Jbolynerization) method and the like in a -case-of the glass
substrate, or an injection nolding nmethod and the like in a case of the

hi gh pol yner plastic such as the poly-carbonate and the like. The first
informati on nenory layer 2 is filmformed on the concave and convex pit of
the substrate 1 by a predetermined filmthickness by using a vacuum
evaporation nethod, or a spattering nethod and the |ike, and defined as a
dedi cat ed reproduction layer. Further, the spacer layer 3 is forned
thereon. It is desired that the space?/?ﬁyer 3 has a thickness equal to or
nore than 30 [err]. Thus, the spacer layer 3 is formed, for exanple, by
coating with the ultraviolet light curing resin by nmeans of a spin coating
met hod. And, a second information is recorded.on a surface of the .




spacer |ayer 3 as the concave and convex pit, for exanple, by using the 2P
nmet hod and the |ike. Further,.the second information nenory |ayer 4 is
filmforned thereon. In this enbodi ment, since the second information
-menory |layer 4 is also defined as the dedicated reproduction |ayer, an -
alumnumfilmw th a thickness of 100 nmis filmfornmed. Oher materials
can be used as configuration materi al 15 of. the second information
layer 4, if it has a sufficient reflectivity in a used wave |ength
area. Further, the filmthickness i3/&bt linmited to 100 nm Further, a
recording function can be added as the second information | ayer 4 by using
a .

R2 R1
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rewitable material represented by a magneto-optic material, a phase
¢hangeabl e material and the like or a wite once type material. Various
informati on nmenory | ayers are forned by using the | am nating technique in
this enbodinent. It is also possible, for exanple, to stick two sheets of

t he substrate on which the various information |ayers are forned to thereby
define the nulti-layer optical disk. Fig.3 shows a nmulti-layer optical disk
in which two sheets of the substrate are stuck to each other. A first

i nformati on and a second informati on & /A24 espectively recorded as the
concave and convex pits on a first substrate 11 and a second substrate 12
made of the high polyner plastic, such as the glass, or the poly-carbonate
and the like, by nmeans of the injection nolding and

(SiN : H2, A = 635, n = 3.18, k = 0.04)
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the like. Atranslucent film such as SiN, [err] and the like, is formed on
t he concave and convex pit of the first substrate by neans of the
evaporation, the spattering and the |like, and thereby the first information
menory layer 12 is forned. An Al evaporation filmis fornmed on the concave
and convex pit of the second substrate, and thereby the second information
menory 16 layer 14 is forned. The first substrate 11 on which the first

i nformati on nmenory |layer 12 is forned ?QQ a second substrate 13 on which a
second o3

(SiN : H2, A = 635, n = 2.95, k = 0.22)
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information nmenory layer 14 is fornmed are jointed to each other through a
transparent |ayer 15. The transparent |layer 15 is cured, for exanple, by
putting an ultraviolet light curing type of transparent resin, which is a
phot o-curing type of transparent resin, between both the substrates, and by
conpressing both of themand irradiating ultraviolet light froma side of
the first transparent substrate 11. In the nmulti-layer optical disk having
the above nentioned configuration, in ogggy to read out the information of
the two information nmenory |ayers froma surface of one information menory
| ayer, it is necessary that signals fromthe first informati on nenory | ayer
2 and the'second information nenory |ayer 4 are sufficiently |arge when
read light is irradiated fromthe a surface of one information |ayer. In
other words, this means that a :

(SiN : H2, A = 635, n = 2.91, k = 0.06)

0.5
\\ \ / //
\\\ R2 Z/

LI ]
L L L

0.4f

0.3

/
/
}
, -
‘/
+
\
\

” / ~
0.2t - N 1.:
0f Ay ]
0[

20 30 40 50 60 70 80 (nm)



reflectivity [err] of the first information nenory |ayer 2 and a
reflectivity [err] of the second information nmenory |ayer 4 shown in Fig.4
are sufficiently |arge. It is desirable that the reflectivity are
20 % or nore and 40 %or less to obtain a correct reproduction signal.
Since it is necessary to adjust the signal ampunts and nake them uniform at
a time of reproducing the signals and a circuit configuration becone
conplicated, it is undesirable that the anount 17 of signal fromthe
first information nmenory layer 2 is lardéR¢ different fromthat of signal
fromthe second i nformati on nenory '

(SIN : H2, A = 635, n = 3.18, k = 0.17)
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layer 4. As a result, it is necessary that a difference between the
reflectivity [err] of the first information nenory |ayer 2 and the
‘reflectivity [err] of the second information nenory |ayer 4 is small. For
-exanple, in a case of setting Ru represented by a following forrmula, it is
. desirable that a value of Ruis 0.2 or less in order to obtain the correct
reproduction signal. =2 [err] The inventor of the present invention paid
~attention to the material used in thegdjy st information menory |ayer 2

. which is assuned to have nmuch influence on the above nmentioned conditions
in order to develop a multi-layer optical disk which neets the above

. conditions in both cases of the wave | engths of 635 nm and

(SiN : H2, 1. = 635, n = 2.81, k = 0.24)
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480 nm They exam ned various materials having the different refractive
index n and different extinction coefficient k, and came to the concl usion
described below. (1) The refractive index n and the extinction coefficient
k are limted which neet the conditions to function as the nmulti-Ilayer .
optical disk in both the wave | engths of 635 nm and 480 18 run. It isn
= -k + 2.8 ([err] is a constant) in the wave |l ength of 635 nm However,
this is limted to an area indicated hy 15 < 0.45 and 0 < k s 0.25 (refer
to Fig.1l). However, when considering an allowable fil'mthickness range,

(SiN : H2, A = 635, n = 2.96, k = 0.02) _
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,the range 0.25 0.35 is nore desirable. (2) It is desirable that
t he anbunts of change of the refractive index n and the extinction
coefficient k are small in both the wave | engths. Especially, it is
desirabl e that the amount of change [err] of the extinction coefficient k
is 0.3 or less. Incidentally, values of the refractive index n and the
extinction coefficient k in the material depends on conditions for
generating (the conditions for filmformng, such as gas pressure at a tine
of spattering, the spattering speed &Rd2fhe |ike). The val ues can be al so
adj usted by adding the other elenent. There are several materials which can
neet the above nentioned conditions in the wave | ength of 635 nm A table
1 shows the refractive indexes n and the extinction coefficients k, in the
wave | engths of 635 nmand 480 nm of the material, to which copper
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oxide (Cu-O), silicon (Si), silicon nitride (Si-N), hydrogen-addi- tion
silicon nitride (Si-N-H or hydrogen addition silicon oxide (Si-OH that
are adjusted as the first information nmenory |ayer of the nulti-Iayer
optical disk for the read |light wave length of 635 nmis added, and the
values of the reflectivity [err] and [err] when constituting the

mul ti-layer optical disk having the above nentioned construction. 19
Table 1 Materi al Film 635nr?117£l4ckness ' ' :

(SiN:H2,,=635,n=2.9,k=0.12)
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(nm n Kk [err] [err] [err] Cu-0 58
2.98 0.11 30 32 0.06 Si 15 , 4. 20

0. 40 27 27 0 SI-N 60 2.95 0.16 = 28
30 0.07 Si-OH 51 3.01 0. 02 34 36

0.08 Si-N-H(1) 54 3.01 0. 04 33 34 0. 05

Si - N-H(2) 50 3.05 0.02 35 35 0. 01 Table
1-continued Material - . © 480nm n Kk [err]
[err] Cu-0 3. 10 0. 44 1g/24 16 0.01 0. 33
Si 4.49 1.28 36 7 _ 1< 0.08 SI-N
3.00 0.51 13 12 - 0.08 0.35 Si-OH 3.42

0.22 25 25 0.01 0. 20

(SiN : H2, A = 635, n = 2.82, k= 0.14)
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WSi-N 3.30 0.34 20 _ 20 ' 0.01 10.30 H(1)
20 Si - N 3.3 0. 16 . 28 28 0.01 0.14 Al of
the materials indicated in the table 1 can sufficiently obtain the
reflectivity for the first information nenory |ayer 2 and the second
informati on nenory layer 4 in the wave length of 635 nm Further, a
di fference between the reflectivity of the first informati on nmenory | ayer 2
and that of the second infornation'ni 5? | ayer 4 is sufficiently small.
That is, it is understood that if us ﬂg he materials described in the
table 1, the

(SiN : H2, A = 635, n = 3.05, k = 0.02)
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qul ti-layer optical disk can be constituted in the read |light wave |ength
of 635 nm However, when the same materials are constituted under the sane
filmthickness, a correct signal performance is not always obtained and
sone of the above nentioned conditions are not nmet, in a case of using as
the read |ight wave |l ength of 480 nm For exanple, in a case of using the
copper oxi de, when using the wave length of 635 nm [err] is 30 % [err] is
32 %and Ru is 0.06, which are sufficiE?&ky'snall. Thus, it is possible to
constitute the nmulti-layer optical di% ! On the other hand, although the
reflectivity of both the information nmenory |ayers are uniformin an area
of the wave length of 480 nm both of themare 16 % which is |ow As a
result, this material 1is not suitable for the nmulti-layer optical disk.

(SiN : H2, A = 635, n = 2.9, k = 0.05)
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.In a case of using Si, the nulti-layer optical disk can be 21
constituted in an area of the wave |length of 635 nm However, in a case of
usi ng the sane configuration of Si, in the wave |l ength of 480 nm the
di fference between the reflectivity of both the informati on nmenory | ayers
beconmes large. Thus, it is found that this material is not suitable for the
mul ti-layer optical disk. In contrast wwth this, both of the hydrogen
addition silicon oxide (Si-OH and the hydrogen addition silicon nitride
(Si-N-H the ampunts of the added hydPdddn are different fromeach other in
(1) and (2) of the table.) conply with the performance as the

(SiN : H2, . = 635, n = 3.01, k = 0.04)
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mul ti-layer optical disk in both the wave | engths of 635 nm and 480 nm
Further, an optical disk having a |arge capacity is conpleted which can
process both the information in the first information nmenory |ayer 2 and

t he second information menory |layer 4, and the conpatibility can be
reserved under the two types of the wave | engths. Next, in a case of the
hydr ogen addition silicon nitride, the anmbunt of the added hydrogen, the
filmformng condition and the |ike ggg,ghanged. Then, the first

i nformati on nenory | ayer 2. having varlous refractive indexes n and the
extinction coefficients k are filmfornmed, so that the filmthickness
dependencies of RL, R2 and Ru are neasured in both the wave | engths of 635
nm and 480 nm The results are shown in Figs.5 to 25. The figure A in each

(SIN : H2, A = 635, n = 3.24, k = 0.05)
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figure indicates the results of the filmthickness dependencies which are
neasured at the wave 1ength of 635 nm and the figure B 22 indicates the
nmeasured result at the wave length of 480 nm Ru is represented by a solid
line. [err] is represented by a dotted line. Rz is represented by a broken
line. A horizontal axis in a graph indicates the filmthickness (nm of
the layer, and a vertical axis indicates the reflectivity wth respect to
[err] and [err], and the ratio on the basis of [err] and [err] with respect
to Ru. Incidentally, the figure B id7d@%ted in a case. that there is no
filmthickness area in which Ru conplies with the value equal to or |ess
than 0.2 under '

(SN : H2, A = 635, n = 3.08, k = 0.15)
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the wave length of 635 nm Each nmeasurement shown in Fig.5 to 25 has been
‘conduct ed under conditions corresponding to each point plotted in Fig.l.
That is, at the points plotted by the refractive index n and the extinction.
coefficient k which lie within a slant line area shown in Fig.l, the first
information menory | ayer can have the common overl apped fil mthickness
ranges, which satisfy the requirenents that the reflection coefficient
[err] of the first information nenorﬁhggxer 2 is equal to or nore than 20
% the reflection coefficient R2 of t second information nenory.|ayer 4
is equal to or nore than 20 % and Ru is equal to or less than 0.2, wth
respect to both the read |ights having wavel ength of 695 nm and 480 nm As
aresult, it is possible to constitute the nulti-layer optical disk having
the conpatibility between the two wave | engths

. (SiN:H2,1.=635,n=3.21,k=0.11)
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Qf 635 nmand 480 nm On the other hand, in a sanple departing fromthe

slant line area in Fig.l, the above nentioned filmthickness ranges do not
23 overlap with respect to the read | i ght having the wave | engths of 635 nm
and 480 nm Thus, it is not possible to inplenment the nmulti-Iayer

optical disk having the two wave | ength conpatibility. In any sanples, a
condition in which the conpatlblllty can be reserved between the tw wave
lengths is limited to a case in which the filmthickness of the first
information nenory layer 2 is close toX3)y2#4m For this reason, it is
understood that the thickness of

(SiN : H2, A = 635, h = 3.08, k = 0.18)
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the first information nmenory layer 2 is desirable to be within a range from
40 nmto 60 nm Many widely different enbodi nents of the present invention
may be constructed without departing fromthe spirit and scope of the
present invention. It should be understood that the present inven- tion is
not limted to the specific enbodi ments described in the specification,
except as defined in the appended. cl ai ns. WHAT IS CLAIMED IS: . A

mul ti-layer optical disk, in which a/first information nmenory |ayer and a
second information nenory |ayer are sggdéatially filmformed on a substrate
and information recorded on the first

(SIN : H2, A = 635, n = 3.05, k = 0.12)
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Jnformation nmenory | ayer and the second information nenory |ayer are
reproduced by irradiating read light froma substrate side, wherein said
first information menory | ayer and said second information nenory | ayer can
be reproduced by a first read light and a second read light whichis
shorter in wave length than this first read Iight, and wherein the first

I nformation nenory layer is made of material in which a refractive index n
and an extinction coefficient k in a | ength area of said first read
l'ight comply with the follow ng cond?ﬁ?éﬁs 0 <k<0.25n = -k +28
(where [err] is a constant and 0.15 < X 0.45) 2. A multi-layer optical

di sk according-to Claim1l, wherein a _
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difference [err] between an extinction coefficient in a wave |length area of
the first read light of the first information nenory | ayer and an
extinction coefficient in a wave 1ength area of the second read light is
0.3 or less. 3. A multi-layer optical disk according to Claim1l, wherein
the wave length area of the first read light is between 630 nm and 690 nm
25 4. A multi-layer optical disk according to Caiml1, wherein the first
i nformati on nmenory | ayer is nade of Si-%ysten1naterial havi ng hydrogen and
at | east one of nitride and oxygen. 22/24
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L3

5. A multi-layer optical disk according to Caim1l, wherein afilm-
“thickness of the first infornmation menory |ayer is between 40 nmand 60 nm
6. A multi-layer optical disk according to Claim1l, wherein a spacer
.layer is fornmed between the flrst i nformati on nenory | ayer and the second
information nenory | ayer.
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