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TITLE OF THE INVENTION

OPTICAL RECORDING MEDIUM

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an optical record-
ing medium(-and more particularly, to an optical record-
ing medium comprising a recording layer containing a dye,
a reflective layer and a protective layer, and capable of
recording a large volume of information and playable by
commercially available compact disc players.

Description of the Related Art

As an information-ériented society has recently de-
veloped rapidly, optical recording mediums have been
widely utilized and fesearched which can make a remark-
ablf high density recording as compared with magnetic
recording mediums.

As optical recording mediums, there are known a
reéd—only-medium in which information has been recorded
in advance and only reproduction is possible, a writable
medium in which information can be reéorded by users and

reproduced, and a rewritable medium in which information

can be recorded therein and the information thus recorded

can be reproduced or erased.

Among them, the writable medium is generally inex-
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pensive and excellent in durability as compared with the
rewritable medium. Therefore, the writable medium has
been widely used as a medium for storing a large volume
of data.

The optically writable medium may have a metal layer
of Te, Bi or the like or a dye layer of cyanine dyes,
phthalocyanine dyes or the like as a recording layer on
a substrate.

Information can be recorded in the recording layer
by irradiating a laser beam to cause a physical or chemi-
cal change (pits formation) in the layer.

The pits are read out with a laser beam which is
sufficiently weaker than that used for recording and
thereby the information can be reproduced.

Among the optically writable mediums,.there have
recently been developed and spread some mediums capable
of reading out by commercially available compact disc
(CD) playefs. .

The writable mediums which can be reproduced by CD
players are proposed in Optical Data Storage 1989 Techni-
cal Digest Series Vol. 1, 45 (1989), EP - 353393 and the
like. The mediums are of a single plate type comprising
a recording layer composed of an organic dye, a metal
reflective ;ayer and a protective layer. However, a

cyanine dye is used in the recording layer so that there
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recording medium and nore particularly,

to

recordi ng medi um conprising a recording | ayer—eentaining a_dye,
a reflective layer and a protective |ayer, and capabl e Of'ﬁ@%ﬁwg%m%mn
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‘are problems as to poor light resistance and poor heat
and humidity resistance.

Further, EP - 0373643 discloses a writable medium
comprising a recording layer composed of phthalocyanine
type dye which is excellent in light resistance and
humidity and heat resistance and can‘be reproduced by a
CD player.

When an optical disc is manufactured which has a
pit and a track in a rugged form, the molding shrinkage
varies in the radial direction depending on a material
used for forming a substrate and molding conditions.

For the purpose of solving this problem, Japanese Patent
Application Laid-open No. 131654/1985 proposes to brooden
the width of pits in the inner area of a stamper taking
the molding shrinkage into consideration.

Further, optica; discs of CAV (constant angular
velocity) mode such as video disc and the like have a
drawback that reflection conditions upon recording differ.
In order to eliminate the drawback, Japanese Patent Ap-
plication Laid-open No. 282758/1989 proposes that the
depth of pits at the inner area of a substrate is made
deeper than that at the outer peripheral area.

In the case of the above-mentioned medium having a
recording layer composed of a dye, the recording layer

is usually formed by coating an organic dye solution, in
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particular, a spin-coating method is generally used since

the film forming is easy and the method is economical.
_However, when a recording layer is formed by a spin-
coating method, the present inveﬁtors have found that it

5 is very difficult to coat uniformly a recording layer on
a substrate having a gfoove; In particular, the thick-
ness of the recording layer on a groove and that on a
land (a portion between adjacent grooves) vary from the
center portion of the substrate toward the outer peri-

10 phery of the substrate, and the characteristics such as
reflectivify, push-pull signal, radial contrast and the
like are disadvantageously non-uniform in the direction
from the center portion of the substrate to the outer
periphery thereof, since such characteristics depend on

15 the thickness of the recording layer on a groove and that
on a land.

The preseqt inventors have intensively made research-
es for solving the above-mentioned problems. As a result,
they have found that the above-mentioned characteristics

20 largely depend on the surface shape of the recording layer
and the shape of the groove and completed the present

invention.

25
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SUMMARY OF THE INVENTION

It is an object.of the preéent invention to provide
an optical recording medium having uniform characteristics
over the whole surface of the medium at least partly with
respect to reflectivity, radial contrast signal, and push-
pull signal.

According to the present invention, there is provided
an optical'recording medium of a single plate type com-
prising a substrate having a groove, a recording layer
containing .a dye overlying the substrate, a reflective
layer overlying the recording layer and a protective layer
overlying the reflective layer, wherein the recording
layer is formed by a spin-coating method and the dimen-
sion of the groove varies from the center portion of the

substrate toward the outer periphery thereof.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1, (a), (b), (c), (d) and (e) show diagram-
matically examples of the mode of varying demension of

the groove according to the present invent;on.
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medi for storing a | arge volune of data. The optically witable

nmedi ‘may have a netal |ayer of Te, Bi or " tThe Ti'ke or a dye | ayer of
cyanijne dyes, phthal o- cyani ne dyes gr_the IThk(ShasHaaBmcRepldedqg | ayer on a
substjr at e. I nforration can be recorded [ g layer by

irradi ating a | aser beamto cause a physical B ange (pits
forngtion) in the |ayer. The pits are re a | aser beam whi ch

is syfficiently weaker than that used for recordlng and t hereby the

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As a substrate of the present invention, for example,

a transparent injection moldable substrate, there may be
used any material capable of transmitting substantially

5 a semiconductor laser beam and usable for ordinary opti-
cal recording mediums.

Exemplary suitable materials for the substrate in-
clude polymers such as polycarbonate resins, acrylic
resins, polystyrene resins, polyvinyl chloride resins,

10 gpoky resins, polyester resins, amorphous polyolefin
resins and the like, .and inorganic materials such as
glass and the like.

If necessary, these materials are formed into a sub-
strate having a groove by means of injection molding or

15 by a method using a photopolyﬁer.

Among these resin substrates, from the standpoints
of mechanical strengﬁh of substrate, easy formation of
grooves and pits, injection molded resin substrates made
of polycarbonate resins, acrylic resins, or polyoclefin

20 resins are preferable, and polycarboﬁate resin substrates
are most preferable.

The shape of the substrate may be in the form of
plate or film, or disc or card. The surface of the sub-
strate is provided with at least a groove for controll-

25 ing the recording position. The surface may have pits

and the like for information.
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Such grooves and pits are preferably formed when
the substrate is fabricated by injection molding, com-
pression mélding or cast molding. However, grooves and
pits may be produced by coating an ultraviolet ray cur-
able resin on the substrate and a Stamper is superposed

thereon followed by irradiation with ultraviolet ray.

The depth of a groove of the substrate of the present
invention is usually 500 - 2500 A, and the width of the
groove is uéually 0.3 - 0.8 pm.

Accordirnig to the present invention, the optical re-
cording medium comprises a recording layer containing a
dye, a reflective layer and a protective layer subsequent-
ly superposed on the substrate having a groove.

The dyes used in the recording layer may be dyes
having abSbrption in the wavelength region of oscillation
of semiconductor laser.

Exemplary suitable dyes include:
phthalocyanine dye,
naphthalocyanine dye,

porphyrin dye,

cyanine dye,

squarylium dye,

pyrylium dye,

thiopyrylium dye,

azulene dye,
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I cal
t he nol di ng shrinkage varies in the radial
used for formng a substrate and nol ding conditions.

disc is manufactured whicch has a pit and a track in a rugged
di rection depending on a
For the

naphthogquinone dye,
anthraquinone dye,

dithiol metal complex dye,

indophenol dye,

triphenylmethane dye,
xanthene dye,
indanthrene dye,
indigo dye,

merocyanine dye,

‘and azo dye.

These dyes maf have various substituents so as to
control the solubility of the dye in a solvent or ob-
tain desirable recording characteristics. The dyes may
be used alone or in combination.

Among the dyes, phthalocyanine dye, naphthalocyanine
dye and porphyrin dye are preferable from the standpoints
of light résistance'and humidity and heat resistance.

In particular, phthalocyanine dye is most preperaable
from the standpoint of absorption characteristic of dye.

As phthalocyanine dyes there may be mentioned, for
example,
alkyl substituted phthalocyanine,
alkoxy substituted phthalocyanine,
alkylthio substituted phthalocyanine,
trialkylsilyl sibstituted phthalocyanine,

This Sheet Has Been Replaced
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In order to elimnate the dragback, Japanese Patent Application
open No. 282758/ 1989 proposes that the depth of pits at the inner
f a substrate is made deeper than that at the outer peripheral area.

halogenated phthalocyanine derived from the above-
mentioned substituted phthalocyanine,
and the like.

More particular substituted phthalocyanine dyes as
described in the above-mentioned EP - 033720§ and EP -
0373643 are preferable which are incorprated by reference.

According to the present invention, the recording
layer containing a dye can be usually formed by a coating
method such as spin coating, dipping, bar coating and the
like, because of easy film formation. Among them, a

spin coating method is preferable.

Formation of a recording layer by a spin coating
method may be carried out by dissolving the above-
mentioned ‘dye in a solVent, dropping the resulting solu-
tion onto a substrate, rotating the substrate to spread
the dye solution_over the whole surface of the substrate
and drying the spread solution.

Exemplary suitable solvents used for dissolving the
dye includeg
aliphatic hydrocarbon solvenﬁs such as
n-hexane,
n-octane,
isooctane,

cyclohexane,

methylcyclohexane, This Sheet Has Been Replaced

AMIE
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Japan§¥se Patent Application No. 1 315 042 published on 20.12.1989 di scl oses
an opdical information nedium and proposes that the groove parts intruding
into §he substrate are gradually decreased fromthe peripheral part of the
Substfate toward the extreme end part so that the quantity of the dye
failipg into the groove parts at the-tlidre- of form ng the recording | ayer,
decrepases at the outer peripheral parts. In the case of the

abovej} menti oned nedi um having a recording | ayer conposed of a dye, the
recor¢ging layer is usually fornmed by coating an organi ¢ dye solution, in
particular, a spin-coating nethod is generally used since the film:

ethylcyclohexane,
dimethylcyclohexane,
cyclooétane,
and the like;

5 ether solvents such as
diethylether,
diisopropyl ether,
dibutyl ether,
dioxane,

10 and the like;
alcohol solvents such as
methanol,
ethanol,
isopropyl alcohol,

15 butyl alcohol,
and the like;
cellosolve solvents such as
methyl celiosolve,
ethyl cellosolve,

20 and the like;
halogen containing solvents such as
carbon tetrachloride,
2,2,3,3-tetrafluoropropanocl
and the like;

25 toluene,.

eet Has Been Replaced _
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g is easy and the nmethod is econom cal . However, when a recording
Is formed by a spin-coating nethod, the present inventors have found
it is very difficult to coat unifornmly a recording |ayer on a

subsfrate having a groove. In particular, the thickness of the recording

| aye
vary
t he
si gn
t he

on a groove and that on a | and &a portion between adjacent grooves)
fromthe center portion of the $libstrate toward the outer periphery of
substrate, and the characteristics such as reflectivity, push-pul

Al , radial contrast and the |ike are di sadvantageously non-uniformin
di rection fromthe center portion of the substrate

xylene,

cyclohexanone,

methyl isobutyl ketone,
ethyl acetate,

5 butyl acetate,
and the like.

These organic solvents may be used alone or in combina-
tion.

When using such solvent, it is preferable to select

10 a solvent which can dissolve a material (e.g. dye, resin-
ous binder and additives) used for a recording layer and
further, does not adversely affect the substrate. 1In
general, the thickness of the recording layer is prefer-
ably about 500 - 2000 A.

15 According to the present.inventors' investigation,
when the above-mentioned dye solution is coated on a sub-
‘strate by a spin coating method to form a recording layer,
the substrate is ;otated to spread the dye solution over
the whole surface of the substrate by means of centrifugal

20 force.

The solution spreads by the centrifugal force from
the inner peripheral portion to the outer peripheral por-
tion of the substrate having a groove while the solvent
evaporates. The cetrifugal force at the inner peripheral

25 portion of the substrate is different from that at the

outer peripheral portion. -

This Sheet Has Been Replaced
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Therefore, there is a difference.between the coating con-
ditions at the inner peripheral portion and those at the
outer peripheral portion.

Therefore, for example, when a substrate having a
groove of a uniform shape, the thickness of the record-
ing layer thus spread on a.groove and a land is different
from the inner peripheral portion toward the outer peri-
pheral portion. Such phehomena.do not occur in the case
where the recording layer is formed by vapor deposition
or sputtering.

Owing to the préblems attributable to a spin coating
method, various characteristics of the medium such as
reflectivity, radial contrast signal, push-pull signal,
recording sensitivity and the like are liable to become
nonuniform, that is, vary from the inner peripheral por-
tion to the outer peripheral portion.

It is demanded to suppress such nonuniformity of
characteristics to within 15 %. According to the study

of the préSent inventors, the problems can be solved to

.some extent by selecting appropriately the type of solvent,

dropping method of a dye solution and method of rotation,
but have not yet been coméletely eliminated.

According to the.present invention, in order to solve
the problems, the dimension or shape of the groove of the

substrate is changed gradually from the inner peripheral

portion to the outer peripheral portion. [ —
This Sheet Has Been Replaced
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The difference in the shape of groove may be formed
as to the depth, the width or both of them.

When the difference in the depth of groove is formed,
the difference is usually 50 - 500 ﬁ, preferably 100 -
300 A.

In the case of difference in the width, the dif-
ference is preferably 0.02 - 0.1 um.

Naturally, when it is contemplated to vary the depth,
the width is liable to change simultaneously, but as far
as the difference in the width is within the above-men-
tioned range, there is no problem.

On the other hand, a difference in the width of
groove can‘be.formed without forming a difference in the
depth. However, as far as the difference in the depth is
within the above-mentioned range, the difference in the
depth may be formed._ )

When the difference in the depth exceeds 500 3 or
that in the width exceeds 0.1 pm,.signal characteristics
such as reflectivity, push—puil, radial contrast and the
like and recording sensitivity are liable to become non-
uniform, and therefore, it is preferable that the dif-
ferences do not exceed such limits.

On the other hand, when the difference in the depth
is less thén 50 3 or that in the width is less than 0.02

pm, it is not always easy to control uniformly the above-
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The present inventors have intensively nade researches for solving

t he apove-nenti oned problens. As a result, they have found that the
above-mnentioned characteristics largely depend on the surface shape of the

recorjdi ng | ayer
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mentioned signal characteristics, and further, fabrica-
tion of a substrate having such dimension is not so easy.

'With respect to the depth, the manner of imparting
the difference in the groove shape of a substrate is pref-
erably to make the depth deeper from the inner peripheral
portion to the outer peripheral portion,

With respect to the width, it is preferable to increase
the width from the inner periphery to the outer peri-
pheral portion. |

The typical patterns of the variations are shown in
FIG. 1. (a) shows a gradual (or linear) pattern, (b)
shows a stepwise pattern, and (¢} - (e) show some modifi-
cations orjmixed modes thereof. Further, the (c) - (e)
patterns may be changed to stepwise patterns along the
continuous lines of (c) - (e)'patterns. The numbers of
steps are in the range of 2 - 512 (steps). There is a
difference in the moiding shrinkage of a resin between
the inner peripheral portion and the outer peripheral
portion by about 0.05 % and therefore, it is advisable to
take the difference into consideration.

In order to make the above-mentioned various charac-
teristics of the medium uniform, it is easier to use a
substrate having the_difference in depth of groove than
using a substrate having the difference in width of groove _
though it depends on the method of coating the dye solution.

The difference formed in the shape of groove is
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OF THH | NVENTI ON It is an object of the present invention to provide
an optfi cal recordi ng nedi um havi ng uni form characteristics over the whole
Surfade of the nediumat |least partly with respect to reflectivity, radial
contrgst signal, and push-pull signalts -

and t* shape of the groove and conpleted the present invention. . SUWARY

preferably gradual or stepwise from the inner peripheral

portion to the outer peripheral portion.
According to the present invention, a difference in
the shape of groove of the substrate from the inner peri-
5 pheral portion to the outer peripheral portion can be
formed by molding the substrate using a stamper having a
groove with a difference in shape.
Such stamper may be fabricated by using a photo-
resist having a film thickness varying from the inner
10 peripherai portion to the outer peripheral portion, or
by varying the laser beam power irradiating the resist
from the inner peripheral portion to_the outer peripheral
portion.
For example, the thicker the resist.film, or the
15 higher the laser beam power, the deeper the depth of
groove of the substrate can be. On the other hand, the
width of groove of the substrate can be widened by in-
creasing the power of laser beam upon exposure.
Further,'the groove shape of the substrate of the
20 present invention can be fabricated by selecting appro-
priately the molding conditions of the substrate so as
to change the transferring rate of groove'shape of a
stamper from the inner peripheral portion to the outer
peripheral portion.

25 Further, the groove shape may be decreased from the
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Accord

ng to the present invention, there is- provitett—rrmgimmee .

recordeg medi um of a single plate type com prising a substrate having a
groove,| a recording |ayer containing a dye overlying the substrate, a

refl ect
overlyi
spi n- cg
and/ or

i ve—lLayer—over=—Tyrmg the recording |ayer and a protective |ayer
ng thg . r&lt BGBed@Repayer, wherein the recording layer is formed by a

ating racteri zed=i hbt Rat the depth of the groove
t he V\n\ﬂ“ H x\ﬁ ove increases fromthe center portion of the
substrate to peri phery thereof and the degree of increase of

t he depth of groove fromthe center portion of the substrate towards the
outer periphery thereof is 50-500[err] and/or the degree of increase

inner side to the outer side depending on the coating
conditions. In such a case, the pattern is an inverse
pattern of FIG. 1.
Various patterns may be produced by ﬁsing, for
5 example, a plurality of nozzles are used for coating, and
changing the dropping amounts of the dye solution of the
nozzles from one another.

When a recording layer containing a dye is prepared,
in addition to the above-mentioned dye, there may be

10 used resinous binders such as nitrocellulose, ethylcel-
lulose, acrylic resins, polystyrene resins, urethane
.resins and the like, and additives such as leveling agents,
defoaming agent, coupling agent and the like.

When large amounts of the binder and the additive

15 are added, the recording sensitivity and reflectivity are
lowered.

In view of such fact as above, the amount of the
binder and the additive is usuaily less ﬁhan 20 % by
weight, preferably 10 % by weight or less, more pref-

20 erably 5 % by weight or less. _

In other words, the amount of the above-mentioned
dye in the recording layer is usually at least 80 % by
weight, preferably 90 - 100 % by weight, more preferably
95 - 100 % by weight.

25 In order to improve the resistance to a coating sol-
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of thefwidth of the groove fromthe center portion of the substrate towards
the outfer periphery thereof is 0.05-0.10 [err]mand recording by |aser beam
is madg i.n the groove. BRI EF DESCRI PTION OF-THEDRAWNG ~~  FIG 1, (a),

(b), (¢), (d) and (e) show di agrammatical |y exghhesHaBednlReplerntie of varyi ng

derension of e grooe 7 [

vent and recording characteristics and prevent deteriora-

tion of the recording layer, there may be formed an in-
termediate layer between the substrate and the recording
layer.

5 Exemplary suitable materials for the intermediate
layer include high polymers such as polycarbonate resins,
acrylic resins, polyurethane resin, epoxy resins, phenolic

resins, ultraviolet ray curable resins and the like, and

inorganic substances such as silicon oxide, aluminum

10 oxide, silicon nitride, aluminum nitride and the like.
The intermediate layer may.be a single layer cf a multi-
layer.

Accordiﬁg to the present invention, a reflective
layer is formed on a recroding layer. A material for

15 forming the reflective layer is preferably that having
a sufficiehtly high reflectivity to a semiconductor laser
beam, and for example, there is used a thin film of a
metal such as Au, Ag, Al, Cu, Cr, Ni, Pf and the like
and a thin film of an alloy containing the metal as main
20 component.

Further, there may be used a multi-layér film pro-
duced by lgminating alternatively a low refractive index
material layer and a high reffactive index material layer.

Among the above-mentioned matériais, Au, Al and the

25 like or films containing such metal as a main component
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EMBCDI MENTS ~~ As a substrate of the present invention, for exanple, a
transpafent injection mldable substrate, there may be used any nmateri al

capabl e| of ‘transmit1ing substantially a semiconductor |aser beam and usable
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are preferable since such material can give a high re-
flectivity and the film formation is easy.

These reflective films can be formed by sputtering,

vapor deposition, ion plating or the like. The thickness

5 of the reflective layer is preferably about 500 - 2000 A.
In order to improve adhesion and recording charac-
teristics and enhance feflectivity, there may be provided
an intermediaﬁe layer between the recording layer and the
reflective layer.

10 As materials for this intermediate layer, there may
be used the above-mentioned materials used for the in-
termediate layer between the substrate and the recording
layer, silane coupiing agent, titanaté type coupling
agent and the like.

15 Accbrding to the present invention, there is provided
a protective layer on the reflective layer so as to pro-
tect the recording layer and the reflective layer.

The protective layer may be usually made of a high
polymer such as polycarbonate resins, acrylic resins,

20 epoxy resins, urethaﬂe resins, polyester resins, poly-
siloxane résins, silicone resins and the like or an in-
organic substance such as silicone oxide, aluminum oxide,
silicon nitride, aluminum nitride and the like.

Among them, ultraviolet'ray-curable acrylic resins

_25 and epoxy resins are preferable since these materials



™
recordifng medi ums. Exenplary suitable materials for the substrate
I ncl ud¢ pol yners such as pol ycarbonate resins, acrylic resins, pol-
ystyrepe,resins, polyvinyl chloride resins, epoxy resins, polyester resins,
anmor phpus pol yolefin resins and the like, and inorganic materials such as
gl ass gnd the Iike. | f necessary, these materials are forned into a
substrhte having a groove by neans of 1i%j-ecti on nol ding or by a method
usi ng a phot opol yner. '

can be easily formed into a film. '

The above-mentioned materials may be used alone or

in combination. The protective layer may be formed of a

i single layer or laminated two or more layers. The thick-

?5 ness of the protective layer is preferably about 2 - 15 pm.

The optical recording medium of the present inven-
tion is irradiated with a laser beam through the substrate
to record signals or read out the information. Wavelength
of the laser beam is preferably 640 - 860 nm. Semicon-

10 ductor laser having an oscillatory wavelength of such
range as abové is preferably used. For recording, the
laser output is made about 5 -~ 15 mW on the recording
film while rotating the ‘medium, and for readout, the laser
output is made about 1/10 times that for recording.

15 'Printing may be made on the protective layer of the
optical recording medium of the present invention.

The optical recording medium of the present inven-
tion can record a large volume of information and is play-
able by commercially available compact disc players.

20 Partiéularly, the optical recording medium has uni-
form characteristics over the whole surface of the medium,

and the characteristics are at least one of reflectivity,

radial contrast signal and push-pull signal.

25
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Anong¥t hese resin substrates, fromthe standpoints of nmechanical strength
of sulpstrate, easy formation of grooves and pits, injection nolded resin
subst f at es made of pol ycarbonate resins, acrylic resins, or pofyotefin———
resing are pref- erable, and polycarbonate resin substrat eshiasheet BSHeen Replaced
pref ef abl e. The shape of the subgtrate may be in the for’__mmaw
film}or disc or card. The surface of the substrate is provi mﬂy”m

| eastja groove for controlling the recording position. The s ve
pits and the like for infor- nmation.

The present invention is explained mofe in detail
in the following examples, but the embodiments of the

present invention is not limited thereto.

‘5 Example 1

A S5 wt}.% solution of a brominated (average 3.6 atoms
per molecule) Pd-tetra-(1,2-dimethylpropoxy)-phthalo-
cyanine in dibutyl ether was dropped on the inner peri-
pheral portion of an injection molded polycarbonate resin

10 éubstrate of 1.2 mm thick and 120 mm in diameter, having
a spiral groove (0.48 pum in width, 1530 5 in depth at
the inner peripheral portion and 0.50 pm in width, 1730

z in depth at the outer peripheral portion, the dif-
ference being present in depth at 100 steps; 1.6 um in

15 pitch). Then the resin substrate was rotated at a speed
of 900 rpm for 30 sec. The resin substrate was dried at
40°C for 1 hour in vacuo and a recording layer substantia-
lly composed of a phthalocyanine dye was formed on a resin
substrate.

;20 On the recording layer was fdrmed a gold thin film
of 80 nm tﬁick as a reflective layer by means of sputter-
ing, and further, as a protective layer, an ultraviolet
ray-cured resin layer of 5 um thick was formed on a re-
flective layer to produce an optical recording medium.

i25 While the resulting optical recording medium was

rotated at a linear speed of 1.4 m/s, there was used an



Such ooves and pits are preferably formed when the substrate is
fabridated by injection nolding, conpression nolding or cast nol ding.
Howevgr,, grooves and pits nmay be produced by —coatimgan-ultraviolet ray
curablfe resin on the substrate and a stanper ThisstpRS PesRglatdder eon fol | owed

by irrfadiation wth ultraviolet ray. The ve of the
substrjate of the present invention isysuall yjmmmmammﬂfr] , and the
wi dt h Jof the groove is usually 0.3 - 0.8 [err] ng to the

present invention, the optical recording nmediumconprises a recording |ayer

cont ailning a dye, a

optical disc recording apparatus provided with an optical

head carrying a semiconductor laser having an oscillation

wavelength of 780 nm and a laser beam was controlled such

that the laser beam focused on the recording layer through

5 the resin substrate. Thus there were measured reflectivi-

ty (Rg) on the groove and radial contrast signal (RCb) at
. the unrecorded portion with a laser output of 1 mW on the
recording surface.
Then, the laser output was changed to 7 mW to record
10 an EFM modulation signal in the groove and the laser out-
put was changed again to 1 mW to determine the maximum
reflectivity (R top) and push-pull signal (P/Pa) at the
recorded pprtion. _
These procedures were_effected at the inner peri-
15 pheral portion (25 nm|¢), the middle circlar portion (40
mm¢) and the outer peripheral portion (55 mm¢).
The :esulté are shown in Table 1.
In th; following examples and comparative examples,

similar evaluation procedures were conducted.

20
Example 2
- The procedure_of Example 1 was repeated except that
the depth of groove of the substrate varied from 1550 ;
at the inger peripheral portion to 1680 ; at 32 mm in
25 radius at 20 steps and is 1700 Z from 32 mm in radius to

the outer peripheral portion and the rotation ﬁpon coat-




. e st R iy
refleqgive | ayer and a protectlve Iayer subsequently super posed on the

substrfat e havi ng a groove. The dyes used in the recording | ayer may be
dyes havi,ng absorption in the wavel ength region of oscillation of
sem copductor | aser. Exenplary suitable dyes include: pht hal ocyani ne
dye,

- 22 -

' ing the dye solution was 1200 rpm, and a medium was

bPrepared and evaluated. Table 1 shows the result.

Example 3

5 The procedure of Example 1 was repeated except that

in the substrate the depth of groove was 1400 A and the

width of groove varied from 0.46 um at the inner perl-
pheral portion to 0.53 pm at the outer peripheral portion
at 100 steps and the rotation upon coating the dye solu-

10 tion was 1000 rpm, and a medium was prépared and evaluated.

Table 1 shows the result.

é Example 4

| The procedure of Example 1 was repeated.except that
15 in the substrate the depth and width of groove were varied
from 1200 ﬁ; 0.51/pm at the inner peripheral portion to
1500 i, 0;55 jm at the outer peripheral portion at 100
steps and the rotation upon coating the dye solution was
1200 rpm, and a medium was prepared and evaluated. The

20 result is shown in Table 1.

Example 5 .

The procedure of Example 1 was repeated except that
the depth and width of groove of the substrate varied

25 from 1400 i, 0.45/pm at the inner peripheral portion to

aet Has Been Replaced
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naphﬁhalocyanine dye, por phyr+rm—eye; Ccyantme-dye; - squaryl i um
dye, pyrylium dye, t hi opyrylium dye,

- 23 -

q ° .
2000 a, 0.47 jm at the outer peripheral portion at 100

steps, and a medium was prepared and evaluated. The

result is shown in Table 1.

;s Comparative Example 1

| The procedure of Example 1 was repeaied except that
the width of groove was 0.51 pm and the depth.of groove
of the substrate was 1250 i at the inner peripheral por-
tion and 1280 K at the outer peripheral portion, that is,

10 there is substantially no difference in depth of groove

between the inner and the outer peripheral portions, and

a medium was prepared and evaluated. The result is shown

in Table 1.

15 Example 6

The procedure of Example 3 was repeated except that
the depth of groove waé 1500 g and the widthiof groove
of the substrate varied from 0.60 pm at the inner peri-
pheral porﬁion'to 0.44 um at the outer peripheral portion,
20 at 100 stegs, and a medium was prepared and evaluated.

The result is shown in Table 1.

cet Has Been Replaced
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Rg : Reflectivity of groove at unrecorded portion
RCb : Radial contrast signal at unreacted portion

Rtop : Maximum reflectivity at recorded portion

P/Pa : Push-pull signal at recorded portion
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anthraq’ none dye, dithiol netal conplex dye, i rdophenol dye, ;

]

20
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M/3660.2

What is claimed is:

1. An optical recording medium of a single plate
type comprising a substrate having a groove, a record-
ing layer containing a dye overlying the substrate, a
reflective layér overlying the recording layer and a
protective layer overlying the reflective layer, wherein
the recording layer is formed by a spin-coating method
and the dimension of the groove varies from the center
portion of the substrate toward the outer peripherf

thereof.

2. The optical recording medium according to claim
1 in which the depth of the groove varies from the center
portion of the substrate toward the outer periphery there-

of.

3. The opticai recording medium according to claim
1 in which the width of the groove varies from the center
portion of the substrate toward the odter periphery

thereof.

4, The optical recording medium according to claim
2 in which the degree of variation of the depth of groove
from the center portion of the substrate toward the outer

periphery thereof is 50 - 500 a.

HIIIIII IIIIII IIIIl ||||I ll lII|
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dye,

10

15

20

5

nmer ocyani ne dye, and azo dye.

h’yl net hane dye, xant hene dye, I ndant hr ene dye, I ndi go
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5. The optical recording medium according to claim
4 in which the degree of variation of the depth of groove
from the center portion of the substrate toward the outer

periphery thereof is 100 - 300 i.

6; The optical recording medium according to any
one of claims 2,3,4 and 5 in which the degree of varia-
tion of the_width of groove from the center portion of
the substrate toward the outer periphery thereof is

0005 - 0.1 ).Im-

7. The optical recording medium according to claim

1 in which the dye is a phthalocyanine type dye.

8. A substrate having a groove for an optical re-
cording medium of a single plate type comprising the
substrate, a recording layer containing a dye overlying
the substrate, a reflective layer overlying the record-
ing layer and a protective layer overlying the reflec-
tive layer,.wherein the recording layer is formed by a
.spin-coating method, said substrate having the dimension
of the groove which varies from the center portion of
the substrate toward the outer periphery thereof, such
that the degree of variation of the depth of groove from

the center portion of the substrate toward the outer

A



Thesegdyes may have various substituents so as to control the solubility of
the dfye in a solvent or obtain desirable recording characteristics. The
dyes y be used al one or in conbination. ———Anmng-the-dyes.

pht halfocyani ne dye, napht hal ocyani ne dye a re preferable
fron1ﬁhe st andpoi nts of |ight resistance a QmB ﬁ%nﬁy? gat resi st ance.
In panticular, phthal ocyani ne dye i s nost pr the st andpoi nt
of absorption characteristic of dye28 - :

periphery thereof is 50 - 500 A and/or the degree of
variation of the width of groove from the center por-
tion of the substrate toward the outer periphery there-

of is 0.05 - 0.1 pm.

9. The substrate according to claim 8 wherein the
degree of variation of the depth of groove from the
center portion of the substrate toward the outer peri-
phery thereof is 100 - 300 A.

10

10. A stamper having a groove for forming the sub-
strate of the claim 8 wherein the degreé of variation
of the depth of groove from the center portion of the
substrate toward the outer periphery thereof is 50 -

15 500 A and/or the degree of variation of the width of
groove from the center portion of the substrate toward

the outer periphery thereof is 0.05 - 0.1 pm.

20

25
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substi§ut ed pht hal ocyani ne, al koxy substituted phthal ocyani ne,
al kyl tfii o substituted phthal ocyani ne, trialkylsilyl sibstituted
pht hal ocyani ne,

As phkgajocyanine dyes there may be nentioned, for exanple, al kyl
i

- 29 -

M/3660.2

ABSTRACT OF THE DISCLOSURE

An optical recording medium of a single plate type
comprises a substrate having a groove, a recording layer
containing a dye overlying the substrate, a reflective

5 layer overlying the recording layer and a protective layer
overlying the reflective layer, wherein the recording
layer is formed by a spin-coating method and the dimen-

) sion of the groove varies from the center portion of the
substrate toward the outer periphery thereof.

10

15

20
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hal og¥at ed pht hal ocyani ne derived fromthe above-nentioned substituted

pht hal gcyani ne, and the |ike. More particul ar substituted é
pht hal gcyani ne dyes as described in the above-nentioned EP - 0337209 and E

- 0373443 are preferable which are incorprated by.referenge. .. Accor di ng

to theipresent invention, the recording Iay]eﬂ-eont a| n| ng a. dye can be

usual ly fornmed by a coating nethod DL . e o et

FI1G.1

(@)

(b)

(d)

DEPTH OR WIDTH OF GROOVES

(e)

Inner Outer
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such as spin coating,. di pping, bar coating and the |ike, because o#“@%§§“’
f|In1fornat|on Among them a spin coating nmethod is preferable.
ok & T ecatdipg tayer- byqa spin coating.meth e carried out
9., the aboye,nentfoned dye in a solvent, ‘droppin

‘ " dtgtrng the1substratev(o spread. the}qye
ole ‘SbitFace-of the substrate and:d Ihe , spreat
“abt-e- solvents used for d+ solvi ng - th “g“f -----

TITLE OF THE INVENTION

OPTICAL RECORDING MEDIUM

BACKGROUND OF THE INVENTION

Field of the Invention.

The present inventiPn relates to an optical record-
ing mediumq-and more particularly, to an optical record-
ing medium comprising a recording layer containing a dye,
a reflective layer and a protective layer, and capable of
;ecording a large volume of information and playable by
commercially available compact disc players.

Description of the Related Art

As an information-oriented society has recently de-
veloped rapidly, optical recording mediums have been
widely utilized and fgsearched which can make a remark-
ably high density recording as compared with magnetic
recording mediums.

As optical recording mediums, there are known a
read-only-medium in which information has been recorded .
in advance and only reproduction is possible, a writable
medium in which information can be recorded by users and
reproduced, and a rewritable medium in which informafion
can be recorded the;ein and the information thus recorded .
can be reproduced or erased.

Among.them, the writable medium is generally inéx-
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al i;zphati c hydrocarbon sol vents such as n- hexane,
| sooct ane, cycl ohexane,

n- oct ane,

pensive and excellent in durability as compared with the
rewritable medium. Therefore, the writable medium has
been widely used as a medium for storing a large volume
of data.

The optically writable medium may have a metal layer
of Te, Bi or the like or a dye layer of cyanine dyes,
phthalocyahine dyes or the-like.as a recording layer on
a substrate.

Information can be recorded in the recording layer

- by irradiating a laser beam to cause a physical.or chemi-
cal change (pits formation) in the layer.

The pits are read out with a laser beam which is
sufficiently weaker than that used for recording and
thereby the information can be reproduced.
| Among the optically writable mediums,'there have
recently'been developed and spfead some médiums capable
of reading out by commercially available compact disc
{CD) playefs.

The writable mediums which can be reproduced by CD
players are proposed in Optical Data Storage 1989 Techni-
cal Digest Series Vol. 1, 45 (1989), EP - 353393 and the
like. The mediums are of a single plate type comprising
a recording.layer composed of an organic dyé, a metal
reflective ;ayer and a protective layer. However, a

cyanine dye is used in the recording layer so that there

heet Has Been Replaced
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met.hyl'cycl ohexane, et hyl cycl ohexane, di et hyl cycl ohexane,
cycl coct ane, and the |ike; et her sol vents such as diethyl et her,

%

.are problems as to poor light resistance and poor heat
and humidity resistance. .

Further, EP - 0373643 discloses a writable medium
comprising a recording layer composed of phthalocyanine'
type dye which is excellent in light resistance and
humidity and heat resistance and can be reproduced by a
CD player.

When an optical disc is manufactured which has a
pit and a track in a rugged form, the molding shrinkage
varies in the radial direction depending on a material
used for forming a substrate and molding conditions.

For the purpose of solving this problem, Japanese Patent
Application Laid-open No. 131654/1985 proposes to - brooden
the width 6f pits in the inner.area of a stamper taking
the molding ‘shrinkage into consideration.

Further, optica; discs of CAV (constant angular
velocity) mode such as-vidgo disc and the like have a
drawbaék that reflection conditions upon recording differ.
In order to eiiminate the drawback, Japanese Patent Ap-
plication Laid-open No. 282758/1989 proposes that the
depth of pits at the inner area of a substrate is made
deeper than that at the outer peripheral area.

In the case of the above-mentioned medium having a
recording layer composed of a dye, the recording layer

is usually formed by coating an organic dye solution, in

cet Has Been Replaced
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di i;sopropyl ether, di butyl ether, di oxane, and the |ike;
al cohol. sol vents such as net hanol, et hanol ,

particular, a spin-coating method is generally used since
the film forming is easy and the method is economical.
However, when a recording layer is formed by a spin-
coating method, the present inventors have found that it
is very difficult to coat uniformly a recording layer on
a substrate having a groove. In particular, the thick-
ness of the recording layer on a groove and that on a
land (a portion between adjacent grboves) vary from the
center portion of the substrate toward the outer peri-
phery 6féfﬁé“sﬁ5§tféte, and the characteristics such as
reflectiviéy, push-pull signal, radial contrast and the
like are disadvantageously non-uniform in the direction
from the center portion of the substrate to the outer
periphery thereof, since such characteristics depend on
the thickness of the récording layer on a groove and that

on a land.

The present inventors have intensively made research-
es for solving the above-mentioned problems. As a result,
they have fdund that the above-mentioned characteristics
largely depend on the surface shape of the recording layer
and the shape of the grooQ; and completed the present -

invention.
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.1 sopropyl al cohol, butyl al cohol, and the |ike; cel l osol ve
sol vents such as nethyl cellosolve, et hyl cel |l osol ve, and the |ike;

SUMMARY OF THE INVENTION

It is an object of the present invention to provide
an optical recording medium having uniform characteristics
over the whole surface of the medium at least partly with
respect to reflectivity, radial contrast signal, and push-
pull signal.

According to the present invention, there is provided
an optical'IECOrding medium of a single plate type com-
prising a substrate having a groove, a recording layer
containing .a dye overlying the substrate, a reflective
layer overlying the recording layer and a ﬁrotective layer
overlying the reflective layer, wherein the recording
layer is formed by a spin-coating method and the dimen-
sion of the groove varies from the center portion of the

substrate toward the outer periphery thereof.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1, {a), (b}, (c), (d) and (e)'show diagram-
matically examples of the mode of varying demension of

the groove according to the present invent;on.
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hal.ogen cont ai ni ng sol vents such as carbon tetrachl ori de,

, This Sheet Has Been Rep
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

As a substrate of the present invention, for example,
a transparént injection moldable subétrate, there may be
used any material capable of transmitting substantially
a semiconductér laser beam and usable for ordinary opti-

cal recording mediums.

Exeméiary suitable materials for the substrate in-
clude polymers such as polycarbonate resins, acrylic
résins, po;ystyrene:resins, polyvihyi chloride resins,
epoxy resins, poiyesﬁer resins, amorphous polyolefin
resins and the like, and inorganic materials such as
glass and the like.

If necessary, these materials are formed into a sub-
strate having a groove by means of injection molding or

by a method using a photopolymer.

Among these resin substrates, from the standpoints
of mechanical strength of substrate, easy formation of
grooves and pits, injection molded resin substrates made
of polycarbonate fesins, acrylid resins, or polyolefin
resins are preférable, and polycarbohate reéin substrates
are most preferable.

The shape of.the substrate may be in the form of
plate or film, or disc or card. The surface of the sub-
strate is provided with at least a groove for controll-
-ing the recording position. The surface may have pits

and the like for information.
Thig i the rapiacement chesi
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Such grooves and pits are preferably formed when
the substrate is fabricated by injection molding, com-
pression méiding or cast molding. However, grooves and
pits may be produced by coat;ng an ultraviolet ray cur-
able resin on the substrate and a stamper is superposed

thereon followed by irradiation with ultraviolet ray.

The depth of a groove of the substrate of the present
invention is usually 500 - 2500 i, and the width of the
groove is uéually 0.3 - 0.8 pm.

Accbrding to the present invention; the optical re-
cording medium comprises a recording layer containing a
dye, a reflective layer and a protective layer subsequent-
ly superposed on the substrate having a groove.

The dyes used in the'recording layer may be dyes
having absﬁrﬁtion in the waveiength region of oscillatién
of semiconductor laser.

Exemplary suitable dyes include:
phthalocyanine dye,
naphthalocyanine dye,

porphyrin dye,

cyanine dye,

squarylium dye,

pyrylium dye,

thiopyrylium dye,

azulene dye,
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2:2,3,3-tetrafl uoropropanol and the like; t ol uene.

naphthoguinone dye,
anthraquinone dye,

dithiol metal complex dye,
indophenol dye, '
triphenylmethane dye,

xanthene dye,

indanthrene dye,

indigo dye,

merocyanine dye,

and azo dye. - e

These ayes may have various substituents so as to
control the solubility of the dye in a solvent or ob-
tain desirable recording characteristics. The dyes may
be used alpne or in combination.

Among the dyes, phthalocyanine dye, naphthalocyanine
dye and porphyrin dye are preferable from the standpoints
of iight fésistance.and humiditf and heat resistance.

In pafticular, phthalocyanine dye is. most preperaable
from the standpoint of absorption characteristic of dye.

As phthalocyanine dyes there may be mentioned, for
example,. |
alkyl substituted phthalocyanine,
alkoky substituted phthalocyanine,
alkylthio substituted phthalocyanine,

trialkylsilyl sibstituted phthalocyanine,
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xyl ene, cycl ohexanone, met hyl isobutyl ketone, ethyl acetate,
butyl acetate, and the [|ike. ' -

halogenated phthalocyanine derived from the above-
mentioned substituted phthalocyanine,
and the like.

More particular substituted phthalocyanine dyes as
described in the above-mentioned EP - 033720§ and EP -
0373643 are preferable which are incorprated by reference.

According to the present invention, the recording
layer containing a dye can be usually formed by a coating
method such as spin coating, dipping, bar coating and the
like, because of easy film formation. Among them, a
spin coating method is preferable.

Formation of a recording layer by a spin coating
method may be carried out by dissolving the above-
mentioned 'dye in a solvent, dropping the resulting solu-
tion onto a substraté, rotating the substrate to spread
the dye soluﬁion over the whole surface of the substrate
and drying the spread solution. |

Exemplary suitable solvents used for dissolving the
dye include;.
aliphatic hydrocarbon solvents such as
n-hexane,
n-octane,
isooctane,
cyclohexane,

methylcyclohexane,

This Sheet Has Been Replaced “rig 6 the canlaoement shes:
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These ‘organi ¢ solvents nmay be used al one or in conbination. When usi ng
such solvent, it is preferable to select a solvent which can dissolve a
material (e.g. dye, resinous binder and additives) used for a recording
layer and further, does not adversely affect the substrate. In general, the

t hi ckness of the recording layer is pref rably about 500 --2000 [err].
According to the present inventors' i nvest gation, when the above-nentioned

dye solution is coated on a substrate by a spin coating nethod to forma
recording layer, the substrate is rotated to spread the dye solution over

t he whol e

ethylcyclohexane,
dimethylcyclohexane,
cyclooctané,

and the like;

ether solvents such as
diethylether,

diisopropyl ether,

dibutyl ether,

dioxane,

and the like;

alcohol solvents such as
methanol,

ethanol,

isopropyl aicchol,

butyl alcohol,

and the like:;

cellosolve solvents such as
methyl celiosdlve,

ethyl cellosolve,

and the like;

halogen containing solQents such as
carbon tetrachloride,
2,2,3,3-tetrafluoropropanol
and the like;

toluene,
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is Sheet Has Been Rep . This is tha replacement sheet

\\II T

@ager v NUY Wy



surface of the substrate by neans of centrifugal force. The sol ution
spreads by the centrifugal force fromthe inner peripheral portion to the
out er peripheral portion of the substrate having a groove while the sol vent
evaporates. The cetrifugal force at the inner peripheral portion of the
substrate is different fromthat at %he outer peripheral portion.
Therefore, there is a difference between the coating conditions at the
i nner peripheral portion and those at the outer peripheral portion.
Therefore, for exanple, when a substrate having a groove of a unlform
shape, the thickness of the recording |ayer

xylene,

cyclohexanone,

methyl isobutyl ketone,

ethyl acetate,

butyl acetate,

and the like.

These organic solvents may be used aléne or in combina-
tion.

When using such solvent, it is preferable to select
a solvent which can dissolve a material (e.g. dye, resin-
.ous binder and additives) used for a recording layer and
further, does not adversely affect the substrate. 1In
general, the thickness of the recording layer is prefer-
ably about 500 - 2000 A.

According to the present inventors' investigation,
when the above-mentioned dye solution is coated on a sub-
strate by a spin coating method to form a recording layer,
the substrate is rotated to spread the dye solutlon over
the whole surface of the substrate by means of centrlfugal
force.

The solution spreads by the centrifugal force from
the inner peripheral portion to the outgr peripheral por-
tion of the substrate haviné a groove while the solvent
evaporates. The cetrifugal force at the inner peripheral
portion of the substrate is different from that at the

outer peripheral portion.
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thus spread on a groove and a land is different fromthe inner peripheral
portion toward the outer peripheral portion. Such phenonmena do not occur in
the case where the recording layer is forned by vapor deposition or
sputtering. Oning to the problens attributable to a spin coating

met hod, various characteristics of the,gediumsuch as reflec- tivity,

radi al contrast signal. push-pull signal, recording sensitivity and the
|like are liable to beconme nonuniform that is, vary fromthe inner

peri pheral portion to the outer peripheral portion. It is denmanded to
suppress such nonuniformty of characteristics to within 15 % According to

the study of %Qgrefore, there is a difference between the coating con-
ditions at the inner peripheral portion and those at the
outer peripheral portion. H

Therefore, for example, when a substrate having a
groove of a uniform shape, thé thickness of the record-
ing layer thus spread on a.groove and a land is different
f;om the inner peripheral portion toward the outer peri-
pheral portion. Such phenomena do not occur in the case
where the recording layer is formed by vapor deposition
or sputtering. e

Owing to the problems attributable to a spin coating
method, various characteristics of the medium such as
reflectivity, radial contrast signal, push—pull signal,
recording sensitivity and the like are liable to become
nonuniform, that is, vary from the inner peripheral por-
tion to the outer peripheral portion.

It is demanded to suppress such nonuniformity of
characteristics to within 15 %. According to the study
of the prééent inventors, the problems can be solved to
some extent by selecting appropriately the type of solvent,
dropping method of a dye solution and method of rotation,
but have not yet been completely eliminated.

According to the.present invention, in order to solve
the problems, the dimension or shape of the groove of the
substrate is changed gradually from the inner peripheral

portion to the outer peripheral portion.
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present inventors, the problens can be solved to sone extent by selecting
appropriately the type of solvent, dropping nethod of a dye solution and

nmet hod" of rotation, but have not yet been conpletely elimnated.

‘According to the present invention, in order to solve the problens, the

~di mension or shape of the groove of the substrate is changed gradually from

the inner peripheral portion to the-older peripheral portion. The
difference in the shape of groove nay be fornmed as to the depth, the width
or both of them Wth respect to the depth, the manner of inparting the

difference in the groove shape of a substrate is preferably

The difference in the shape of groove may be formed
as to the depth, the width or both of them.

When the difference in the depth of groove is formed,
the difference is usually 50 - 500 ﬁ, preferably 100 -
300 A.

In the case of difference in the width, the dif-
ference is preferably 0.02 - 0.1 um.

Naturally, when it is contemplated to vary the depth,
the width is liable to change simultaneously, but as far
as the difference in the width is within the above-men-
tioned rangé, there is no problem.

On the other hand, a difference in the width of
groove can be formed without forminé a difference in the
depth, However, as far as the difference in the depth is
within the above-mentioned rénge, the difference in the
depth may be formed..

When the difference in the depth exceeds 500 R or
that in the width exceeds 0.1 pm,.signal characteristics
such as reflectivity, push-pull, 'radial contrast and the
like and recording sensitivity are liable to become non-
uniform, and therefore, it is preferable that the dif-
ferences do not exceed such limits.

On the other hand, when the difference in the depth
is less than 50 i or that in the width is less than 0.02

pm, it is not always easy to control uniformly the above-
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to make the depth deeper fromthe inner peripheral portion toward the outer
peri pheral portion, and the difference in the depth is usually 50 - 500
[err], preferably 100 - 300 [err]. Wth respect to the width, it is
preferable to increase the width fromthe inner periphery toward the outer
peri pheral portion, and the difference is preferably 0.02 - 0.1 [err]m
width is liable to change sinultaneousfyr but as far as the difference in
the width is within the above-nentioned range, there is no problem

mentioned signal characteristics, and further, fabrica-
tion of a substrate having such dimension is not so easy.

With respect to the depth, the manner of ;mparting
the difference in the groove shape of a substrate is pref-
erabiy to.make the depth deeper from the inner peripheral
portion to the outer peripheral portion.

With respect to the width, it is preferable to increase
the width from the inner periphery to the outer peri-
pheral portion.

The typical patterns of the variations are shown' in
FIG. 1. (a) shows a gradual (or linear) pattern, (b)
shows a stepwise pattern, and (c) - (e) show some modifi-
cations or.mixed modes thereof. Further, the (c) - (e)
patterns may be changed to.stepwise patterns along the
continuous lines of (c¢) - (e) patterns. The numbers of

.steps are in thé range of 2 - 512 (steps). There is a
difference in the molding shrinkage of a resin between
the inner peripheral portion and the outer peripheral
portion by about 0.05 % and therefore, it is advisable to
take the diffe;ence into consideration. |

In order to maké.the above-mentioned various charac-
teristics of the medium uniform, it is easier to use a
substrate having the difference in depth of groove_than
using a substrate having the difference in width of groove
though it depends on the method of coating the dye solution.

The difference formed in the shape of groove is
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On. the other hand, a difference in the width of groove can be forned
wi'thout formng a difference in the depth. However, as far as the
difference in the depth is within the above-nentioned range, the difference

in the depth may be forned. Wien the difference in the depth exceeds
500 [err] or that in the width exceeds 0.1 [err]m signal characteristics
such as reflectivity, push-pull, radil® —contrast and the |ike and recording

sensitivity are liable to beconme non-uniform and therefore, it is
preferable that the differences do not exceed such limts.

preferably gradual or stepwise from the inner peripheral
portion to the outer peripheral portion.

According to the present invention, a difference in
the shape of groove of the substrate from the inner peri-
pheral portion to the outer peripheral portion can be
formed by molding the substrate using a stamper having a
groove with é difference in shape.

Such stamper may be fabricated by using a photo-
resist having é film thickness varying from the inner
peripherai portion to the outer peripheral portion, or
by varying the laser beam power irradiating the resist
from the inner peripheral portion to the outer peripheral
portion.

For example, the thicker the resist-film, or the
higher the laser beam power, the deeper the depth of
groove of the substrate can be. On the other hand, the
width of groove of the substrate can be widened by in-
creasiné the power of laser beam upon expésure.

Furthér,'the groove shape of the substrate of the
present invention can be fabricated by selecting appro-
priately the molding conditions of the substrate so as
to change the transferring rate of groove'shape of a
stamper from the inner peripheral portion to the outer
peripheral portion. |

Further, the groove shape may be decreased from the
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On.the other hand, when the difference in the depth is |less than 50 A or
that in the width is less than 0.02 [err]m it is not always easy to
control .uniformy the above-nentioned signal characteristics, and further,
fabrication of a substrate having such dinension is not so easy. The
typical patterns of the variations are showmn in FIG 1. (a) shows a gradua
(or linear) pattern, (b) shows a stepWi%e pattern, and (c) - (e) show some
nodi fications or m xed nodes thereof. Further, the (c) - (e) patterns may
be changed to stepw se patterns along the continuous lines of (c) - (e)
patterns. The nunbers of steps are in the range
inner side to the outer side depending on the coating
conditions. In such a case, the pattern is an inverse
pattern of FIG. 1.
Various patterns may be produced by using, for
example, a plurality of nozzles are used for coating, and
changing the dropping amounts of the dye solution ¢f the
nozzles from one another.
When a recording layer containing a dye is prepared,
in addition to the above-mentioned dye, there may be
used resinous binders such as nitrocellulose, ethylcel-
lulose, acrylic resins, polystyrene resins, urethane
resins.and the like, and additives such as leveling agents,
defoaming agent, coupling agent and th; like.
When large amounts of the binder and the additive
are added, the recording sensitivity and reflectivity are
lowered.
In view of such fact as above, the amount of the
binder and the additive is usually less fhan 20 % by
weight, preferably 10 % by weight or less, more pref-
erably 5 % by weight or less.
In sther words, the amount of the above-mentioned
dye in the recording layer is usually at least 80 % by
weight, preferably 90 - 100 % by weight, more preferably
95 - 100 % by weight.

In order to improve the resistance to a coating sol-.
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of -2 -~ 512 (steps). There is a difference in the nolding shrinkage of a
resin between the inner peripheral portion and the outer peripheral portion
by about 0.05 % and therefore, it is advisable to take the difference into
consi derati on. In order to make t e, above-menti oned various
characteristics of the mediumuniform it is easier to use a substrate
having the difference in depth of groove than using a substrate having the
difference in width of groove though it depends on the nmethod of coating
t he dye sol ution. The difference fornmed in the shape of groove is
preferably gradual or stepw se fromthe inner peripheral portion -

vent and recording characteristics and prevent deteriora-

tion of the recording layer, there may be formed an in-
termediate layer between the substrate and the recording
layer. |

i Exemplary suitable materials for the intermediate
layer include high polymers such as polycarbonate resins,

| acrylic resins, polyurethane resin,.epoxy resins, phenolic

resins, uléraviolet ray curable resins and the like, and
inorganic substances such as silicon oxide, aluminum
oxide, silicon nitride, aluminum nitride and the like.
The intermediate layer may be a single~layer of a multi-
layer.

Accordiﬁg to the present invention, a reflective
layer is formed on a recroding layer. A material for
forming tHe reflective layer is preferably that having
a sufficiehtly high reflectivity to a semiconductor laser
beam, and for example, there is used a thin film of a
metal such as Au, Ag, Al, Cu, Cr, Ni, Pt and the like
and a thin film of an alloy containing the metal as main
component. . |

Further, there may be used a multi—layér_film pro-
duced by lgminating alternatively a low refractive index
material layer and a high réffactive index material layer.

Among the above-mentioned matérials, Au, Al and the

like or films containing such metal as a main component

This Sheet Has Been Replaced

MR

This is tha replacement shest

| 2 9 NOV 1998

[P
Dc:l@:




to-the outer peripheral portion. According to the present invention, a
difference in the shape of groove of the substrate fromthe inner

peri pheral

- 18 -

are preferable since such material can give a high re-
flectivity and the film formation is easy.
These ‘reflective films can be formed by sputtering,

vapor deposition, ion plating or the like. The thickness

of the reflective layer is preferably about 500 - 2000 A.

. In order to improve adhesion and recording charac-
teristics and enhance reflectivity, there may be provided
an intermediafe layer between the recording layer and the
reflective layer.

As materials for this intermediate layer, there may
be used the above-mentioned materials used fof the in-
termediate layer between the subs;rate and the recording
" layer, silane coupiing agent, titanate type coupling
agent and the like.

According to the present invention, fhere is provided
a protective layer on the reflective layer so as to pro-
tect the recording layer and the reflective layer.

The protective layer may be usually made of a high
polymer such as polycarbonate resins, acrylic resins,
epoxy resins, urethane resins, polyester resins, poly-
siloxane fésins, silicone resins and the like or an in-
organic substance such as silicone oxide, aluminum oxide,
silicon nitride, aluminum nitride and the like.

Among them, ultraviolet ray-curable acrylic resins

and epoxy resins are preferable since these materials
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- 19 -

can be easily formed into a film.

The above-mentioned materials may be used alone or
in combination. The protective layer may be formed of a
single layer or laminated two or more layers. The thick-
ness of the protective layer is preferably about 2 - 15 ym.

The optical recording medium of the present inven-
tion is irradiated with a laser beam through the substrate
to record signals or read out the information. Wavelength
of the laser beam is preferably 640 - 860 nm. Semicon-
ductor laser having an oscillatory wavelength of such
range as abové is preferably used. For recording, the
laser output is made about 5 - 15 mW on the recording
film while_rotating the medium, and for readout, the laser '
output is made about 1/10 times that for recording.

Printing may be made on the protective layer of the
optical reco;ding medium of the present invention.

The optical recording medium of the present inven-
tion can record a large volume of information and is play-
able by commercially available compact disc players.

Partiéularly, the optical recording medium has uni-
form characteristics over the whole surface of the medium,

and the characteristics are at least one of reflectivity,

radial contrast signal and push-pull signal.
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portion to the outer peripheral portion can be fornmed by nol ding the
substrate using a stanper having a groove with a difference in shape.
Such stanper may be fabricated by using a photoresist having a film

t hi ckness varying fromthe inner peripheral
- 20 -

The present invention is explained more in detail
in the following examples, but the embodiments of the

present invention is not limited thereto.

Example 1

A 5 wt. % solution of a brominated (average 3.6 atoms
per molecule) Pa-tetra—(1,Z—dimethylpropoxy)—phthalo-
cyanine in dibutyl ether was dropped on the inner peri-
pheral portion of an injection molded polycarbonate resin
substrate of 1.2 mm thick and 120 mm in diameter, having
a spiral groove (0.48 um in width, 1530 i in depth at
the inner peripheral portion and 0.50 uym in width, 1730
z in depth at the outer peripheral portion, the dif-
ference being present in depth at 100 steps; 1.6 pum in
pitch). Then the resin substrate was rotated at a speed
of 900 rpm for 30 sec. The resin substrate was dried at
40°C for 1 hour in vacuo and a recording layer substantia-
lly composed of a phthalocyanine dye was formed on a resin
substrate.

On the recording layer was formed a gold thin film .
of 80 nm tﬁick as a reflective layer by means of sputter-
ing, and further,‘as a protective layer, an ultraviolet
ray-cured resin layer of 5 pm thick was formed on a re-
flective layer to produce an optical recording medium.

While the resulting optical recording medium was

rotated at a linear speed of 1.4 m/s, there was-used an

is Sheet Has Been Replaced

[

This is the roapiacement shest

29 NoV 1995




portion to the outer peripheral portion, or by varying the |aser beam power
irradiating the resist fromthe inner peripheral portion to the outer
peri.pheral portion. For exanple, the thicker the resist film or the
hi gher the | aser beam power, the deeper the depth of groove of the
substrate can be. On the other hand, the width of groove of the substrate
can be w dened by increasing the powe?1 of |aser beam upon exposure.
Further, the groove shape of the substrate of the present invention can be

fabricated by selecting appropriately

optical disc recording apparatus provided with an optical
head carrying a semiconductor laser having an oscillation
wavelength of 780 nm and a laser beam was céntrolled such
that the laser beam éocused on the recording layer.through
the resin substrate. Thus there were measured reflectivi-
ty (Rg) on the groove and radial contrast signal (RCb) at
the unrecorded portion with a laser output of 1 mW on fhe

recording surface.

Then, the laser output was changed to 7 mW to record
an EFM mo@ulation éignal in the groove and the lager out-
put was changed again to i mW to determine the maximum
reflectivity (R top) and push-pull signal (P/Pa) at the
recorded portion. t

These procedures were effected at the inner peri-
pheral portion (23 mm ¢), the middle circular portion (32
mm @ ) and the outer peripheral portion (57 mmg).

The results are shown in Table 1.

In the following examples and comparative examples,

similar evaluation procedures were conducted.

Example 2

. The procedure of Example 1 was repeated except that
o

the depth of groove of the substrate-varied_from 1550 X
- - o
at the inner peripheral portion to 1680 A at 32 mm in

Q . .
radius at 20 steps and is 1700 A from 32 mm in radius to

the outer peripheral portion and the rotation upon coat-
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the nol ding conditions of the substrate so as to change the transferring
rate of, groove shape of a stanper fromthe inner peripheral portion to the
out.er peripheral portion. When a recording |ayer containing a dye is
prepared, in addition to the above-nentioned dye. there may be used

resi nous binders such as nitrocellul ose, ethylcellul ose, acrylic resins,
pol ystyrene resins, urethane resins_ the like, and additives such as

| evel i ng agents, defoaning agent, coupling agent and the |ike." When

| arge anobunts of the binder and the additive are added, the recording

sensitivity and reflectivity are | owered.

ing the dye solution was 1200 rpm, and a medium was

pPrepared and evaluated. Table 1 shows the result.

Example 3

The p#ocedure of Example 1 was repeated except that
in the substrate the depth of groove was 1400 A and the
width of groove varied from 0.46 pm at the inner peri-
pheral portion to 0.53 jpm at the outer peripheral portion
at 100 steps and the rotation upon coating the dye solu-
tion was 1000 rpm, and a medium was prepared and evaluated.

Table 1 shows the result.

Example 4

The pfocedure of Example 1 was repeated.except that
in the substrate the depth and width of groove were varied
from 1200 i; 0.51‘Pm at the inner peripheral portion to
1500 i, 0;55 Jpm at the outer peripheral portion at 100
steps and the rotation upon coating the dye solution was
1200 rpm, and a medium was prepared and evaluated. The

result is shown in Table 1.

Example 5 .

The procedure of Example 1 was repeated except that
the depth and width of groove of the substrate varied

Q
from 1400 a4, 0.45‘Pm at the inner peripheral portion to

laced .
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In-view of such fact as above, the anount of the binder and the additive is
usual ly less than 20 % by wei ght, preferably 10 % by wei ght or |ess, nore
preferably 5 % by wei ght or |ess. In other words, the anopunt of the
above-nentioned dye in the recording layer is usually at |east 80 % by

wei ght, preferably 90 - 100 % by wei ght, nore preferably 95 - 100 % by

wei ght . In order to inprove the resistance to a coating solvent and
recordi ng characteristics and prevent j&ﬂjarioration'of t he recording | ayer,
there may be formed an internediate | ayer between the substrate and the

recordi ng | ayer.
o
2000 a, 0.47 jpm at the outer peripheral portion at 100
steps, and. 'a medium was prepared and evaluated. The

result is shown in Table 1.

Comparative Example 1

The procedure of Example 1 was repeated except that
the width of groove was 0.51 pri and the depth of groove
of the substrate was 1250 i at the inner peripheral por-
tion and 1280 i at the outer peripheral portion, that is,
there is substantially no difference in depth of groove
between the inner and the outer peripheral -portions, and

a medium was prepared and evaluated. The result is shown

in Table 1.

Example 6

The procedure of Example 3 was repeated except that
thé depth of'groove was 1500 g and the width of;groove
of the substrate varied from 0.44 jm at the inner peri-
pheral portion to 0.60 pm at the outer peripheral porfion,
at 100 steps, and a médiuﬁfwas prepareé and evaluated.

The result is shown in Table 1.
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Exemplary suitable materials for the internediate |ayer include high

pol yners such as pol ycarbonate resins, acrylic resins, polyurethane resin,
epoxy resins, phenolic resins, ultraviolet ray curable resins and the |ike,
and i norgani ¢ substances such as silicon oxide, alum num oxide, silicon
nitride, alumnumnitride and the |ike.2%dhe internediate | ayer may be a
single layer or a multi-Ilayer. According to the present invention, a
reflective layer is fornmed on a recording layer. A material for formng the
reflective mayeo is preferably that having a sufficiently high reflectivity
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.

there is used a thin filmof a netal such as Au, Ag, Al, Cu, G, N, Pt and
the like and a thin filmof an alloy containing the netal as nmain

conmponent . Further, there nmay be used a nulti-layer film produced by
lam nating alternatively a low refractive index material |ayer and a high
refractive index material |ayer. _ #ymng the above-nentioned material s,

Au, Al and the like or filns containing such netal as a nain conponent are
preferable since such material can give a high reflectivity and the film
formation is easy.

Rg : Reflectivity of groove at unrecorded portion
RCb : Radial contrast signal at unreacted portion

Rtop : Maximum reflectivity at recorded portion

P/Pa : Push-pull signal at recorded portion

This Sheet Has Been Replaced

(I

This is the replacement sheet

Date: 29 NV 1R



- These reflective filnms can be fornmed by sputtering, vapor dep05|t|on ion
plating or the like. The thickness of the reflective layer is 6?5 Wy
about 500 % -2000-ferr]... .ln.order to inprove adhesion and recording
charact:"_ tjcs” and Enhance reflectivity, t her e”may " be-proevi-ded..an . .

i nt er nedi’: 1y et\ween the .2ecardi ng | ayer: qu the f1ective Iayer
As mat, ' .-ipﬁternedtalm Iayer there npybe ‘used thet oo - 15,
above-#entionegd materifl.s used for ithelintermediate Iayer betw&én the

substr”ﬁe “and t hezrzecording:. Iayer S|Iane couglgng -agent; tltaﬁate type.'
coupl i{ng: agent .and he Like. .. ST sl e

TITLE OF THE INVENTION

OPTICAL RECORDING MEDIUM

BACKGROUND OF THE INVENTION

Field of the Invention.

The present invention relates to an optical record-
ing mediumf-and more particularly, to an optical record-
ing medium compfising a recording layer containing a dye, .
a reflective layer and a protective layer, and capable of
recording a large volume of information and playable by
éommercially available compact disc players.

Description of the Related Art

As an infdrmation-oriented society has recently de-.
veloped rapidly, optical-recording mediums have been
widely utilized and fgsearched which can maké a remark-
ablf high density recording as';ompared with magnetic
recording mediums.

As optical recording mediums, there are known a
read-only-medium in which information has been recorded .
in advance and only reproduction is possible, a writable
medium in which information can be recordedhby'users and
reproduced, gnd.a rewritable medium in wﬁich ihformaﬁion
can be recorded therein and the informatiéq thus recorded .
can be reproduced or erased.

Among them, the writable medium is generally inex-
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Accoerding to the present invention, there is provided a protective |ayer on
the reflective layer so as to protect the recording |ayer and the
reflective | ayer. The protective |ayer nay be usually nmade of a high
pol ymer such as pol ycarbonate resins, acrylic resins, epoxy resins,

uret hane resins, polyester resins, polysiloxane resins, silicone resins and
the like or an inorganic substance such as silicone oxide, alum num oxide,
silicon nitride, aluminumnitride and the |ike. Anong them ultraviol et
ray-curable acrylic resins and epoxy resins are preferable since these
materials can be

pensive and excellent in durability as compared with the
rewritable medium. Therefore, the writable medium has
been widely used as a medium for storing a large volume

of data.

The optically writable medium may have a metal layer
of Te, Bi or the like or a dye layer of cyanine dye;,
phthalocyahine dyes or the like as a recording layer on
a substrate.

Information can be recorded in the recording layer
by irradiating a laser beam to cause a physical or chemi-
cal change (pits formation) in the layer.

The pits are read out with a laser beam which is
sufficiently weaker than that used for recording and
thereby the information can be reproduced.

Among the optically writable mediums,.there have
recently been developed and spread some médiums capable
of reading out by commercially availablé compact disc
(CD) piaye;é. |

The writdble mediums which can be reproduced by CD
players are proposed in Optical Data Storage 1989 Techni-
cal Digest:Series Vol. 1, 45 (1989), EP - 353393 and the
like. The mediums are of a single plate type comprising
a recording.layer composed of an organic dyé, a metal
reflective layer and a protective lafer. However, a

cyanine dye is used in the recording layer so that there
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easic-ly forned into a film The above-nentioned nmaterials nmay be used
al one or in conbination. The protective |ayer nay be forned of a single
lI'ayer or lam nated two or nore |layers. The thickness of the protective

| ayer is preferably about 2 - 15 [err]m The optical recordi ng nmedi um
of the present invention is irradiated with a | aser beam through the
substrate to record signals or read out the information. Wavel ength of the
| aser beamis preferably 630 - 860 nm 3Seni conductor | aser having an
oscillatory wavel ength of such range as above is preferably used. For
recording, the laser output is

,are problems as to poor light resistance and poor heat
and humidity resistance.

Further, EP - 0373643 discloses a writable medium
comprising a recording layer composed of phthalocyanine’
type dye which is excellent in light resistance and
humidity and heat resistance and can be reproduced by a
CD player.

When an optical disc is manufactured which has a
pit and a track in a rugged form, the molding shrinkage
varies in the radial direction depending on a material
used for forming a substrate and molding conditions.

For the purpose of solving this problem, Japanese Patent
Application Laid-open No. 131654/1985 proposeé to -brooden
the width 6f pits in the inner.area of a stamper taking
-the molding shrinkage into consideration.

. Further, optical discs of CAV (constant angular
velocity) mode such as.video disc and thg like have a
drawbaﬁk that reflection conditions upon recording differ.
In order to eiiminate the drawback, Japanese Patent Ap-
plication Laid-open_Nd. 282758/1989 proposes that the
depth of pits at the inner area of a substrate is made
deeper than that at the outer peripheral area.

In the case of the above-mentioned medium having a
recording layer composed of a dye, the recording layer

is usually formed by coating an organic dye solution, in
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made about 5 -15 mWVon the recording filmwhile rotating the nedium and
for readout, the |aser output is made about 1/10 tinmes that for recording.
Printing nmay be made on the protective |ayer of the optical recording

medi um of the present invention. The optical recording nedium of the
present invention can record a |large volune of information and is playable
by comrercially avail abl e conpact disc pl ayers. Particularly, the

optical recording nmedi um has uniform dharacteristics over the whole surface
of the medium and

particular,'a spin-coating method is generally used since
the film forming is easy and the method is economical.

However, when 5 recording layef is formed by a spin-
coating method, the present inventors have found that it
is very difficult to coat uniformly a recording layer on
a substrate having a groove. In particular, the thick-
ness of the recording layer on a groove and that on a
land (a portion between adjacent grooves) vary from the
center portion of tﬁe substrate toward the outer peri-
phery of the substrate, and the characteristics such as
reflectiviéy, push—pull signal, radial contrast and the
like are disadvantageously non-uniform in the direction
from the center portion of_the'substrate to the outer
periphery thereof, since such characteristics depend on
the thickness of the recording layer on a groove and that
on a land.

The present inventors have intensively made research-
es for solving the above-mentioned prbblems. As a result,
they have fdund that the above-mentioned characteristics
largely depend on the surface shape of the recording layer
and the shape of the groové and completed the present - |

invention.
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the. characteristics are at |east one of reflectivity, radial contrast
si gnal and push-pull signal.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide
an optical recording medium having uniform characteriétics
over the whole surface of the medium at least partly with
reSpect to reflectivity, radial contrast signal, and push-
pull signal.

According to the present invention, there is provided
an optical.recording medium of a single plate type com-
prising a substrate having a groove, a recording layer
containing a dyé overlying the substrate, a reflective
layer overlying the_recording layer and a érotective layer
overlying the reflective layer, wherein the recording
layer is formed by a spin-coating method and the dimen-
sion of the groove varies from the center portion of the

substrate toward the outer periphery thereof.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1, (a), (b), (c), (d) and (e) show diagram-
matically examples of the mode of varying demension of

. the groove according to the present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

As a substrate of the present invention, for example,
a transparent injection moldable substrate, there may be
used any material capable of transmitting substantially
a.semiconductor laser beam and usable for ordinary opti-
cal recording mediums.

Exeméiary suitable materials for the substrate in-
clude polymers such as polycarbonate résins, acrylic
resins, po;ystyrene resins, polyvinyl chloride resins,
epoxy resins, polyester resins, amorphous polyolefin
resins and the like, and inorganic materials such as
glass and the like.

If necessary, these materials are formed into a sub-
strate having a groove by means of injection molding or
by a method using a photopolymer.

Among these resin substrates, from the standpoints
of mechanical strength of substrate, easy formation of
grooves and pits, injection mélded resin substrates made
of polycarbonate resins, acrYlié resins, of polyolefin
resins are preférable, and polycarboﬁate'reéin substrates
are most preferable.

The shape of.the substrate may be in the form of
plate or film, or disc or card. The surface of the sub-
strate is provided with at least a groove for controll-
ing the recording position. The surface may have pits

and the like for information. This i M8 rormanement shest

P e s s
IR S



6 - The present invention is explained nore in detail in the foll ow ng
exanpl es, but the enbodi nents of the present inventionis not limted
t hereto.

Such grooves and pits are preferably formed when
the subst:ate is fabricated by injection molding, com-
pression moiding or cast molding. However, grooves and
pits may be produced by coating an ultraviolet ray cur-
able resin on the substrate and a stamper is superposed

thereon followed by irradiation with ultraviolet ray.

The depth of a groove of the substrate of the present
invention is usually 500 - 2500 i, and the width of the
groove is uéually 0.3 - 0.8 pm.

According to the present invention, the optical re-
cording medium comprises a recording layer containing a’
dye, a reflective layer and a protective layer subsequent-
ly superposed on the substrate having a groove.

The dyes used in the-recoraing layer may be dyes
having absérption in the wavelength region of oscillation
of semiconductor laser.

Exemplary suitable dyes include:
phthalécyanine dye,
naphthalocyanihe dye,

porphyrin dye,

cyanine dye,

squarylium dye,

pyrjlium dye,

thiopyrylium dye,

azulene dye,
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Exanbl e 1 A5 w. %solution of a brom nated (average 3.6 atons per
nol ecul e) Pd-tetra- (1, 2-di nmet hyl propoxy) - pht hal ocya- nine in dibutyl ether
was dropped on the inner peripheral portion of an injection nolded

pol ycarbonate resin substrate of 1.2mmthick and 120 mmin di aneter, having
a spiral groove (0.48 [err]min width, 1530 [err] in depth at the

i nner peri pheral portion and 0.50 [err]mgin wdth, 1730 Ain depth at the
outer peripheral portion, the difference being present in depth at

naphthoguinone dye,
anthraquinone dye,

dithiol metal complex dye,
indophenol dye,
triphenylmethane dye,
xanthene dye,

indanthrene dye,

indigo dye,

merocyanine dye,

and azo dye.

These_ayes may have various substituents so as to
control the solubility of the dye in a solvent or ob-
tain desirable recording characteristics. Tﬁe dyes may
be used algne or in coﬁbihation.

Among the ‘dyes, phﬁhalocyanine dyé, naphthalocyanine
dye and porphyrin dye are preferable from the standpoints
of light fésistance'and humidity and heat resistance. |
In pafticular, phthalocyanine dye is most preperaable
from the standpoint of absorption characteristic of dye.

As phthalocyanine dyes there may be mentioned, for
example,
alkyl substituted phthalocyanine,
alkoky substituted phthalocyanine,
alkylthio substituted phthalocyanine,
trialkylsilyl sibstituted phthalocyanine,

This Sheet Has Been Replaced This is tha repiacement sheet
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100 steps:
speed of 900 rpmfor 30 sec.

1.6 [err]min pitch).

1 hour in vacuo and a recording |layer substantially conposed of a

pht hal ocyani ne dye was formed on a resin substrate.
| ayer was fornmed a gold thin filmof 80 nmthick as a reflective |ayer by

nmeans of sputtering, and further, as aﬁprotectlve | ayer. an ultraviol et

ray-cured resin |layer of 5 [err]n1th|c

produce an optical recording nedi um

halogenated phthalocyanine derived from the above-
mentioned substituted phthalocyanine,
and the like.

More particular substituted phthalocyanine dyes as
described in the above-mentioned EP - 033720§ and EP -
0373643 are preferable which are incorprated by reference.

According to the present invention, the recording
layer containing a dye can be usually formed by a coating
method such as spin coating, dipping, bar coating and the
like, becau;e of easy film formation. Among them, a

spin coating method is preferable.

' Formatibn.of a recording layer by a spin coating
method may be carried out by diséolving the abo%e—
mentioned ‘dye in a solvent, dropping the resulting solu-
tion onto a substrate, rotating the Qubstrate to spread
the dye solution over the whole surface of the substrate
and drying the spread solution.

Exemplary suitable solvents used for dissolving the
dye include;-
aliphatic hydrocarbon solvenfs such as
n-hexane, |
n-octane,
isooctane,
cyclohexane,

methylcyclohexane,
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The resin substrate was dried at 40[err]C for

was formed on a reflective layer to
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VWhile the resulting optical recording nmediumwas rotated at a |inear speed
of 1.4 m's, there was used an optical disc recording apparatus provided
with an optical head carrying a sem conductor |aser having an oscillation
wavel ength of 760 nm and a | aser beam was controll ed such that the |aser
beam f ocused on the recording |layer through the resin substrate. Thus there
were neasured reflectivity (Rg) on the groove and radi al contrast signal
(RCbh) at the unrecorded portion with a raégr'output of 1 nWon the
recordi ng surface. Then, the | aser output was changed to 7 mWto

record an EFM nodul ati on signal in the groove and the |aser

ethylcyclohexane,
dimethylcyclohexane,
cyclooctané,

and the like;

- ether solvents such as
diéthylether,

diisopropyl ether,

dibutyl ether,

dioxane,

and the like;

alcohol sol&ents such as
methanol,

ethanol,

isopropyl aicohol,

butyl alcohol,

and the like;

cellosolve solvents such as
methyl celiosélve,_

ethyl cellosolve,

and the like;

halogen containing solQents such as
carbon tetrachloride,
2,2,3,3—tetrafluoropro§anol
and the like;

toluene,
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out put was changed again to 1 mAWto determne the maxinumreflectivity (R
top) and push-pull signal (P/Pa) at the recorded portion. These
procedures were effected at the inner peripheral portion (23 mm[err]), the
m ddle circular portion (32 mm[err]) and the outer peripheral portion (57
mmlerr]). The results are shown in Table 1. In the foll ow ng
exanpl es and conparative exanpl es,_ giyml ar eval uation procedures were
conduct ed.

xylene,
cyclohexanone,
methyl isobu;yl ketone,
ethyl acetate,
butyl acetate,
and the like.
These organic solvents may be used aléne or in combina-
tion.
When using such solvent, it is preferable to select
a solvent which can dissolve a material (e.g. dye, resin-
' ous binder and additives) used for a recording laye; and
further, does not adversely affect the substrate. 1In
general, the thickness of the recording layer is prefef—
ably about 500 - 2000 A. |
According to the present inventors' investigation(_
when the above-mentioned dye solution is coated on a sub-
strate by a spin coating method to form a recording layer,
the substrate is rotated to spread the dye solutlon over
the whole surface of the substrate by means of centrlfugal
force. | |
The solution spreads by the centrifugal force from
the inner peripheral portlon to the outer perlpheral por-
tion of the substrate having a groove whlle the solvent
evaporates. The'cet:ifugal force at the inner peripheral
portion of the substrate is different from that at the

outer peripheral portion.

This is the replacement shest

19 FEB 1997

This Sheet Has Been Replaced

AR

[RRAM




Exanpl e 2 The procedure of Exanple 1 was repeated except that the
depth of groove of the substrate varied from 1550 [err] at the inner

peri pheral portion to 1680 [err] at 32 mmin radius at 20 steps and is 1700
Afrom32 mmin radius to the outer peripheral portion-and the rotation

upon coating the dye solution was 1200 rpm and a nedlunkﬁagmgggggreg ?nd
een Replaced

B 11111

Therefore, there is a difference between the coating con-

ditions at the inner peripheral portion and those at the
outer peripheral portion.

Therefore, for example, when a substrate having a
groove of a uniform shape, thé thickness of the record-
ing layer thus spread on a‘groove and a land is different
from the inner peripheral portion toward the outer peri-
pheral portion. Such phenomena do not occur in the case
where the recording layer is formed by vapor deposition
or sputtering.

Owing to the problems attributable to a spin coating
method, various characteristics of the medium such as
reflectivity, radial contrast signal, push-pull signal,
recording sensitivity and the like are liable to become
nonunifor@, that is, vary from the inner peripheral .por-
tion to the outer peripheral portion. |

It is demanded to suppress such nonuniformity of
characteristics to within 15 %. According to the study
of the prééent inventors, the problems can be solved to
some extegt by selecting appropriately the type of solvent,
dropping method of a dye solution and method of rotation,
but have not yet been completely e}iminated.

According to the.present invention, in-order to solve
the problems, the dimension or shape of the groove of the
substrate is changed gradually from the inner peripheral

portion to the outer peripheral portion.
This ie ths ragiacement shest
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evaluated. Table 1 shows the result. Exanole 3 The procedure of
Exanple 1 was repeated except that in the substrate the depth of groove was
1400 [err] and the width of groove varied fromO0.46 [err]mat the inner

peri pheral portion to 0.53 [err]man the outer peripheral portion at 100

- 13 -

The difference in the shape of groove may be formed
as to the depth, the width or both of them.

When the difference in the depth of groove is fofmed,
the difference is usually 50 - 500 i, preferably 100 -
300 A.

In the case of difference in the width, the dif-

ference is preferably 0.02 - 0.1 um.
| Naturally, when it is contemplated to vary the depth,
the width is liable to change simultaneously, but as far
as the difference in the width is within the above-men-
tioned rangé, there is no problem.

On the other hand, a difference in the width of
groove can be formed without forming a difference in the
depth. waever, as far as the difference in the depth is
within the above-mentioned rénge, the difference in the
depth may be fcrmed..

When the difference in the depth exceeds 500 R or
that in the width exceeds 0.1 pm,.signél characteristics
such as reflectivity, push-pull,‘radial contrast and the
like and recording sensitivity are liablé to” become non-
uniform, and therefore, it is preferable that the dif-

ferences do not exceed such limits.
On the other hagd, when the difference in the depth

is less than 50 R or that in the width is less than 0.02

pm, it is not always easy to control uniformly the above-

This is the replacement sheet
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steps and the rotation upon coating the dye solution was 1000 rpm and a
nmedi um was prepared and eval uated. Table 1 shows the result. Exanple 4

The procedure of Exanple 1 was repeated except that in the substrate the
depth and wi dth of groove were varied ————

This Sheet Has B
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mentioned signal characteristics, and further, fabrica-

tion of a substrate having such dimension is not so easy.

With respect to the depth, the manner of imparting
the difference in the groove shape of a substrate is pref-
erably to.make the depth deeper from the inner peripheral
portion to the outer peripheral portion.

With respect to the width, it is preferable to increase
the width from the inner periphery to the'oufer peri-
pheral portion. |

The typical patterns of the variations are shown in
FIG. 1.. (a) shows a gradual (or linear) pattern, (b)
shows a sFepwise pattern, and (¢) - (e) show some modifi-
cations or:mixed modes thereof. Further, the (c) - (e)

 patterns may be changed to'stepwise patterns along the
continuous lines of (c) - (e) patterns. The numbers of
.steps a#e in the rahge of 2 ~ 512 (steps). There is a
difference in the molding shrinkage of a resin between
the inner peripheral portion and the outer peripheral
portion by about 0.05 % and therefore, it is advisable to
take the difference inﬁo consideratien.

.In order to make:the above-mentioned various charac-
teristics of the.medium uniform, it is easier to use a
substrate having the difference in depth of groove than
using a substrate having the difference in width of groove ‘
though it depends on the method of coating the dye solution.

The difference formed in the shape of groove is

This is tha roplacement shest
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from1200 [err], 0.51 [err]mat the inner peripheral portion to 1500 [err],
0.55 [err]mat the outer peripheral portion at 100 steps and the rotation
upon coating the dye solution was 1200 rpm and a medi um was prepared and
evaluated Theresult isshewn-in Table 1. Conparative Exanple 2

This Sheet Has Been Replaced
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preferably gradual or stepwise from the inner peripheral

portion to the outer peripheral portion.

According to the present invention, a difference in
the shape of groove of the substrate from the inner peri-
pheral portion to the outer peripheral portion can be
formed by molding the substrate using a stamper having a
groove with a difference in shape.

Such stamper may be fabricated by using a photo-
resist having a film thickness varying from the inner
peripherai portion to the outer peripheral portion, or
by varying the laser beam power irradiating the resist
from the inner peripheral portion to the outer peripheral
portlon.

For example, the thicker the resist fllm, or the
higher the laser beam power, the deeper the depth of
gréove of the substrate can be. On the other hand, the
width of groove of the substrate can be widened by in-
creasing the power of laser beam upon eprsure{

Furthér,'the groove shape of the substrate of tﬁe
present invention can be fabricated bf selecting appro-
priately the molding conditions of the substrate so as
to change the transferring rate of groove.shape of a
stamper from the inner peripheral portion to the outer
peripheral portion.

Further, the groove shape may be decreased from the

This s the ranlatement shwer



The procedure of Exanple 1 was repeated except that the depth and w dth of
groove of the substrate varied from 1400 [err], 0.45 [err]mat the inner
peri pheral portion to 2000 [err], 0.47 [err]mat the outer peripheral
portion at 100 steps, and a nmedi um was prepared and eval uated. The result
I's shown in Table 1. Conparative Exanple 1 T T e e T
This Sheet Has Been Replaced
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inner side to the outer side depending on the coating

conditions. 1In such a case, the pattern is an inverse
pattern of FIG. 1.

Various patterns may be produced by using, for
example,_a Plurality of nozzles are used for coating, and
changing the dropping amounts of the dye solution of the
nozzles from one another. |

When a recording layer containing a dye is prepared,
in addition to the above-mentioned dye, there may be
used resinous binders such as nitrocellulose, ethylcel—
lulose, acrylic resins, polystyrene resins, urethane
resins.and the like, and additives such as leveling agents,
defoaming agent, coupling agent and thg like.

Wheﬂ large amounts of the binder and the additive
are added, the recording sensitivity and reflectivity are
lowered.

In view.of such fact as above, the amount of the
binder and the additive is usually less fhan 20 % by
weight, preferably 10 % by weight or less, more pref-
erably 5_§'by weight or lgss. |

In other words, the émount of the above-mentioned
dye in the recording layer is usually at least 80 % by
weight, prgferably 90 - 100 % by weight, more preﬁerably
95 - 100 ‘% by weight.

In order to impréve the resistance to a coating sol-.

This is the replacement sheet
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The procedure of Exanple 1 was repeated except that the width of groove was
0.51 [err]mand the depth of groove

- 17 -

vent and recording characteristics and prevent deteriora-
tion of the recording layer, there may be formed an in-
termediate layer between the substrate and the recording
layer. | |
" . Exemplary suitable materials for the intermediate
layer include high polymers such as polycarbonate resins,
| acrylic resins, polyurethane resin,.epoxy resins, phenolic

resins, ultraviolet ray curable resins and the like, and

inorganic substances such as silicon oxide, aluminum
oxide, silicon nitride, aluminum nitride and the like.
The intermediate layer may be a singlé layer or a multi-
layer.

Accordiﬁg to the present invention, a reflective
layer is formed on a recroding layer. A material for
fofming the reflective layer is preferably that having
a sufficiehtly high reflectivity to a semiconductor laser
beamn, and for example, there is used a thin film of a
metal such as_Aﬁ, Ag, Al, Cu, Cr, Ni, Pt and the like
and a thin film of an alloy cbntaining the metal as main
component. ' -

Further, there may be used a multi—layér.film pro-
duced by'Léminating alternatively a low refractive index
material layer and a high réffactive index material layer.

Among the ;bove-mentioned matérials, Au, Al and the

like or films containing such metal as a main component
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are preferable siné¢e such material can give a high re-
flectivity and the film formation is easy.

These reflective films can be formed by sputtering,
vapor deposition, ion plating.or the like. The thickness
of the reflective layer is preferably about.SOO - 2000 A.

In order to improve adhesion and recording charac-
teristics and enhance reflectivity, there may be provided
an intermediaﬁe layer between the recording layer and the
reflective layer.

As materials for this intermediate layer, there may
be used the above-mentioned materials used fof the in-
termediate layer between the substrate and the recording
'layef, silane coupiing agent, titanate type couéling
agent and the like. a

According to the present invention,.fhére is provided .
a protective layer on the reflective layer so as to pro-
tect the recording layer and the reflective layer.

The protective layer may be usually made of a high
polymer such as polycarbonate resins, acrylic resins,
epoxy resins, urethane resins, polyester resins, poly-
siloxane r;sins, silicone resins and the like or an in-
organic substance such as silicone oxide, aluminum oxide,
silicon nitride, aluminum nitride and the like.

Among them, ultraviolet ray-curable acrylic resins

and epoxy resins are preferable since these materials

. This Sheet Has Been Replaced
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of the substrate was 1250 [err] at the inner peripheral portion and 1280 A
at the outer peripheral portion, that is, there is substantially no
difference in depth of groove between the inner and the outer peripheral
portions, and a nedium was prepared and evaluated. The result is shown in

Tabl e 1.
- 19 -

can be easily formed into a film.'

The abOVe-mentipned materials may be used alone or
in combinagion. The protective layer may be formed of a
single layer or laminated two or more layers. The thick-
ness of the protective layer is preferably about 2 - 15 pm.

The optical recording medium of the present inven-
tion is irradiated with a laser beam through the substrate
to record signals or read out the information. Wavelength
of the laser beam is preferably 640 - 860 nm. Semicon-
ductor laser having an oscillatory wavelength of such
range as abové is preferably used. For recording, the
laser output is made about 5 - 15 mW on the recording
film while.rotating the ‘medium, and for readout, the laﬁerz'
output is made about 1/10 times that for recording.

Printing may be made on the protective layef of Ehe.
optical recording medium of the present invention.

The optical recording medium of the present inven-
tion can record a large volume of information and is play- .
able by commercially available compact disc players.

Parti&ularly, the optical recording medium has uni-
form characteristics ovef the whole surface of the medium,
and the characteristics are at least one of refle¢tivi£y,'

radial contrast signal and push-pull signal.
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Conpar ati ve Exanple 3 The procedure of Exanple 3 was repeated except

that the depth of groove was 1500 [err] and the width of groove of the
substrate varied fromO0.44 [err]mat the inner peripheral portion to 0.60
[err]m at the outer peripheral portion, at 100 steps, and a nedi umwas ————
prepared and eval uated. The result is shown in Table 1 This Sheet Has Been Re

T

The present invention is explained mofe in detail
in the following examples, but the embodiments of the

present invention is not limited thereto.

Example 1

A S wt. % solution of a bromiqated (average 3.6 atoms
per molecuie) Pa-tetra-(1,Z-dimethylpropoxy)—phthalo-
cyanine in dibutyl ether was dropped on the inner peri-
‘pheral portion of an injection molded polycarbonate resin
substrate of 1.2 mm thick and 120 mm in diameter, having
a spiral groove (0.48 pm in width, 1530 5 in depth at
the inner peripheral portion and 0.50 jam in width,1730
3 in depth at the outer peripheral portion, the dif-
ference being present in depth at 100 steps; 1.6 um in'
pitéh). Then the resin substrate was rotated at a speed
of 900 rpm for 30 sec. The resin substrate was dried at
40°C for 1 hour in vacuo and a recording layer substantia-
lly composéd of a phthalocyanine dye was formed on a resin
substrate.

On the recording layer was formeq_a gold thin film .
of 80 nm thick as a reflective layer by means of sputter-
ing, and further,:as a protective layer, an ultraviolet
ray-cdred resin layer of S pm thick was formed on a re-
flective layer to pfoduCe an optical rebording medium.

While the resulting optical recording medium was

rotated at a linear speed of 1.4 m/s, there was used an
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optical disc recording apparatus provided with an optical

head carrying a semiconductor laser having an oscillation
wavelength of 780 nm and a laser beam was cantrolled such
that the laser beam focused on the recording layer ﬁhrough
the resin substrate. Thus there were measured reflectivi-
ty (Rg) on the groove and radial contrast signal (RCb) at
the unrecorded portion with a laser output of 1 mW on the

recording surface.

Then, the laser output was changed to 7 mW to record
an EFM mo@ulation signal in tge groove and the lager out-
put was changed again to i mW to determine the maximum
reflectivity (R top) and push-pull signal (P/Pa) at the
recorded portion.

These procedures were effgcted at the inner peri-
pheral portion (23 mm ¢), the middle circular portion (32
mm¢) and the outer peripheral portion (57 mm ).

The results are shown in Table 1.

In the following examples and comparative examples,

similar evaluation procedures were conducted.

Example 2

. The procedure of Examplé 1 was regeated excgpt that
the depth of groove of the substrate-varied_from 1550 §
at the-inper peripheral portion to 168q ; at 32 mm in
radius at 20 steps and is 1700 R from 32 mm in radius to

the outer peripheral portion and the rotation upon coat-
This is tha rapiacement shes
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ing the dye solution was 1200 rpm, and a medium was

prepared and evaluated. Table 1 shows the result.

Example 3

The procedure of Example 1 was repeated except that
in the substrate the depth of groove was 1400 R and the
width of groove varied from 0.46 um at the inner peri-
pheral portion to 0.53 pm at the outgr peripheral portion
at 100 steps and the rotation upon coating the dye solu-
tion was 1000 rpm, and a medium was prepared and evaluated.

Table 1 shows the result,

Example 4

The pfocedure of Example 1 waé repeated'except that
in the substrate the depth and'width'of groove were var;ed
from 1200 g; 0.51‘Fm at the inner peripheral portion to
1500 i, 0;55 jpm at the outer peripheral portion at 100
steps and the rotation upon'coating the aye solution was
1200 rpm, and a medium was prepared and -evaluated. The

result is shown in Table 1.

Example 5

The procedure of Example 1 was repeated except that
the depth and width of groove of the substrate varied

o 1] I
from 1400 3, 0.4S'pm at the inner peripheral portion tp
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2000 i, 0.47 um at the outer peripheral portion at 100
steps, and 'a medium was prepared and evaluated. The

result is shown in Table 1.

Comparative Example 1

The procedure of Example 1 was repeated except that
the width of groove was 0.51 jpm and the depth of groove
of the substrate was 1250 i at the inner peripheral por-
tion and 1280 i at the outer peripheral.portion, that is,
tﬁere is substantially no difference in depth of groove
between the inner and the outer peripheral portions, and
a medium was prepared.and evaluated. The result is shown

in Table 1.

Example 6

The procedure of Example 3 was repeated except that
the depth offgroove was 1500 X and the width of groove
of the substrate varied from 0.44 jm at the ;nner peri-
pheral portion to 0.60 pm at the outer peripheral porfion,
at 100 steps, and a medium-was prepared and evaluated.

The result is shown in Table 1.
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9 Rg : Reflectivity of groove at unrecorded portion
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Rg : Reflectivity of groove at unrecorded portion
RCb : Radial contrast signal at unreacted portion

Rtop : Maximum reflectivity at recorded portion

P/Pa : Push-pull signal at recorded portion
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RCb-: Radi al contrast signal at unreacted portion Rtop : Mxinmum
reflectivity at recorded portion P/ Pa : Push-pull signal at recorded
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What is claimed is:

T. An optical recording medium of a single plate
type comprising a substrate having a groove, a record-
ing layer containing a dye overlying the substrate, a
reflective layer overlying the recording layer and a
protective layer overlying the reflective layer, wherein
the recording layer is formed by a spin-coating method
and the dimension of the groove varies from the center
portion of the substrate toward the outer peripherf

thereof.

2. The optical recording medium according to claim
1 in which the depth of the groove varies from the center
portion of the substrate toward the outer. periphery there-

of.

3. The optical recording medium according to claim
1 in-which the width of the éroove varies from the center
portion of the substrate toward the oﬁter periphery

thereof.

4. The optical recording medium according to claim
2 in which the degree of'variation of the depth of groove
from the center portion of the subsﬁraté téward the outer
periphery thereof is 50 -~ 500 A. _
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S. The optical recording medium according to claim
4 in which the degree of variation of the depth of groove

from the center portion of the substrate toward the outer

periphery thereof is 100 - 300 i.

6. The optical recording medium according to any
one of claims 2,3,4 and 5 in which the degree of varia-
tion of the width of gfoove from the centef portion of
the substrate toward the outer periphery thereof is

0.05 - 0.1 um.

7. The optical recording medium according to claim

1 in which the dye is a phthalocyanine type dye.

8. A substrate having a groove for an optical re-
cording medium of a single plate type comprising the
substrate, a recording layer containing a dye overlying
the.substrate, a reflective layer overlying the record-
ing layer and a protective layer overlying the reflec-
tive layer,.wheréin the recording layer is formed by a
spin-coating method, said substrate having the dimension
6f the groove which varies from the center portion of
the substrate toward the outer periphery thereof, such
that the degree of variatioﬁ of the depth of groove from

the center -portion of the substrate toward the outer
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periphery thereof is 50 - 500 A and/or the degree of
variation of the width of groove from the center por-
tion of the substrate toward the outer periphery there-

of is 0.05 - 0.1 um.

9. The substrate according tp claim 8 wherein the
degree of variation of the depth of groove from the
center portion of the substrate toward the outer peri-

phery thereof is 100 - 300 A.

10. A stamper having a groove for forming the sub-
strate of the claim 8 wherein the degree of variation
of the depth of groove from the center portion of the

substrate toward the outer periphery thereof is 50 -

500 A and/or the degree of variation of the width of

groove from the center portion of the substrate toward

" the outer periphery thereof is 0.05 - 0.1 Jam.

AN e v o e
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OPTICAL RECORDING MEDIUM

ABSTRACT OF THE DISCLOSURE

Aﬁ optical recording medium of a singie plate type
comprises a substrate having a groove, a recording layer
containing a dye overlying the substrate, a reflective
layer overlying the recording layer ahd a- protective layer
overlying the reflective layer, wherein the recording
layer is formed by a s#in—céating method and the dimen-
sion of the groove varies from the center portion of the

substrate toward the outef'periphery thereof.

FIGURE 1.
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1. An optical disc recording mediumof a single plate type conprising a
substrate having a groove, a recording |ayer contai ning a dye overlying
the substrate, a netal reflective |ayer overlying the recording |layer and a
protective | ayer overlying the reflective |ayer, wherein the recording
| ayer is fornmed by a spin-coating nethod and the di nen- sion of the
groove varies fromthe center portion of the substrate toward the outer

peri phery thereof, characterized in that the depth of the groove and/or
the wi dth of the groove increases fromthe center portion of the substrate
toward the outer portion thereof and the degree of increase of the depth of
groove fromthe center portion of the .

FIG.I

DEPTH OR WIDTH OF GROOVES
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substrate toward the outer periphery thereof is 50-500 [err] and/ otiesfze =’

degree of increase of the width of groove from the center portion of
the substrate toward the outer periphery thereof is 0.05-0.10 [err]m and
recordi ng by l-aser beam is made in the groove. 2. The opti cal
recordi ng nmedi um according to claim1l1 in ich the degree- of -variation of
the depth of groove from the center portion of: tgp substrate_toward the
outer periphery thereof is 1004 ﬁggﬁfﬂrﬂECORDING MEDIUM B :

Description
e

BACKGHROUND OF THE INVENTION

Field of the Invention - . R 2/1;/'77

The present invention relates to an optical recording medium, and more pamcularly. toan optlcal recordmg med|um
comprising a recording layer containing a dye, a reflective layer and a protective layer, and capable of recording a
large volume of information and playable by commercially available compact disc players.

Description of the Related Art

As an information-oriented society has recently developed rapidly, optical recording mediums have been widely
utilized and researched which can make a remarkably high density recording as compared with magnetic recording
mediums.

As optical recording mediurhs, there are known a read-only-medium in which information has been recorded in
advance and only reproduction is possible a writable medium in which information can be recorded by users and
reproduced. and a rewritable medium in which information can be recorded therein and the mformanon thus recorded
can be reproduced or erased.

Among them, the writable madium is generally inexpensive and excellent in durability as compared with the rewri-
table medium. Therefore, the writable medium has been widely used as a medium for storing a large volume of data.

The optically writable medium may have a metal layer of Te, Bi or the like or a dye layer of cyanine dyes, phthalo-
cyanine dyes or the like as a recording layer on a substrate.

Information can be recorded in the recording layer by irradiating a laser beam to cause a physical or chemical
change {pits formation) in the layer.

The pits are read out with a laser beam which is sufficiently weaker than that used for recording and thereby the
information can be reproduced.

Among the aptically writable mediums, there have recently been developed and spread some mediums capable
of reading out by commercially available compact disc (CD) players.

The writable mediums which can be reproduced by CD players are proposed in Optical Data Storage 1989 Tech-
nical Digest Series Vol. 1, 45 (1989), EP - 353393 and the like. The mediums are of a single piate type comprising 2
recording layer composed of an organic dye, a metal reflective layer and a protective layer. However, a cyanine dye
is used in the recording layer so that there are problems as to poor light resistance and poor heat and humidity resist-
ance.

Further, EP - 0373643 discloses a writable medium comprising a recording layer composed of phthalocyanine
type dye which is excellent in light resistance and humidity and heat resistance and can be reproduced by a CD player.

When an optical disc is manufactured which has a pit and a track in a rugged form, the molding shrinkage varies
in the radial direction depending on a material used for forming a substrate and molding conditions. For the purpose
of solving this problem, Japanese Patent Application Laid-open No. 131654/1985 proposes to broaden the width of
pits in the inner area of a stamper taking the molding shrinkage into consideration.

Further, optical discs of CAV (constant angular velocity) mode such as video disc and the like have a drawback
that reflection conditions upon recording differ. In order to eliminate the drawback, Japanese Patent Application Laid-
open No. 282758/1989 proposes that the depth of pits at the inner area of a substrate is made deeper than that at the
outer peripheral area.

Japanese Patent Application No. 1 315 042 published on 20.12.1989 discloses an optical information medium,
and proposes that the groove parts intruding into the substrate are gradually decreased from the peripheral part of the
substrate toward the extreme end part so that the quantity of the dye falling into the groove parts at the time of forming

" the recording layer, decreases at the outer peripheral parts.

In the case of the above-mentioned medium having a recording layer composed of a dye, the recording layer is
usually formed by coating an organic dye solution, in particular, a spin-coating method is generally used since the film
forming is easy and the method is economical.

However, when a recording layer is formed by a spin-coating method, the prasent inventors have found that it is
very difficult to coat uniformly a recording layer on a substrate having a groove. In particular, the thickness of the
recording layer on a groove and that on a land (a portion between adjacent grooves) vary from the center portion of
the substrate toward the outer periphery of the substrate, and the characteristics such as reflectivity, push-pull signal,
radial contrast and the like are disadvantageously non-uniform in the direction from the center portion of the substrate
to the outer periphery thereof, since such characteristics depend on the thickness of the recording layer on a groove
and that on a land.

1



3. The optical recording nediumaccording to any one of clains 1 and 2 in
whi ch the dye is a phthal ocyani ne type dye.

2

The presant inventors have intensively made researches for solving the above-mentioned problems. As a result,
thay have found that the above-mentioned characteristics largely depend an the surface shape of the recording layer
and the shape of the graove and completed the prasent invention.

SUMMARY OF THE INVENTION

Itis an object of the presant invention to provide an optical recording medium having uniform characteristics over
the whole surface of the medium at east partly with respect to reflectivity, radial contrast signal, and push-pull signal.

According to the present invention, there is provided an optical disc recording medium of a single plate type com-
prising a substrate having a greave, a recording layer containing a dye overlying the substrate, a reflective layer over-
lying the recording layer and a protective layer overlying the reflective layer, whareain the recording layer is formed by
a spin-coating method and characterized in that the depth of the groove and/or the width of the groove increases from
the center portion of the substrate towards the outer periphery thereof and the degree of increase of the depth of groove
from the center portion of the substrate towards the outer periphery thereof is 50-500A and/or the degree of increase
of the width of the groove from the center portion of the substrate towards the outer periphery thereof is 0.05-0.10 um
and recording by laser beam is made in the groove.

BRIEF DESCRIPTION OF THE DRAWING - -

FIG. 1, {a). {b). {c). (d) and (e) show diagrammatically examples of the mode of varying demension of the groove
according lo the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As a substrate of the present invention, for example, a transparent injection moldable substrate, there may be
used any material capable of transmilting substantially a semiconductor laser beam and usable for ordinary optical
recording mediums. '

Exemplary suitable materials {or the substrate include polymers such as polycarbonate resins, acrylic resins, pol-
ystyrene resins, polyvinyl chioride resins, epexy resins, polyester resins, amorphous polyolefin resins and the like, and
inorganic materials such as glass and the like.

It necessary, these materials are formed into a substrate having a groove by means of injection molding or by a
method using a photopolymer.

Among these resin substrates, from the standpolnts of mechanical strength of substrats, easy formation of grooves
and pits, injection molded resin substrates made of polycarbonate resins, acrylic resins, or polyolefin resins are pref-
erable, and polycarbonate resin substrates are most preferable.

The shape of the substrate may be in the form of plate or fiim, or disc or card. The surface of the substrate is
provided with at least a groove for controlling the recording position. The surface may have pits and the like for infor-
mation.

Such grooves and pits are preferably formed when the substrats is fabricated by injection molding, compression
melding or cast molding. However, grooves and pits may be produced by coating an ultraviolet ray curable resin on
the substrate and a stamper is superposed therecn foilowed by irradiation with uitraviolet ray.

The depth of a groove of the substrate of the present invention is usually 500 - 2500 A, ‘and the width of the groove
is usually 0.3 - 0.8 um.

According to the present invention, the optical recording medium comprises a recording layer containing a dye, a
reflective layer and a protective layer subsequently superposed on the substrate having a groove.

The dyes used in the recording layer may be dyes having absorption in the wavelength region of oscillation of .
semiconductor laser.

Exemplary suitable dyes include:

phthalocyanine dye,
naphthalocyanine dye,
porphyrin dye,
cyanine dys,
squarylium dye,
pyrylium dye,
thiopyrylium dys,
azulens dye,
naphthoquinone dye,



anthraquinona dye,
dithiol metal complex dye,
irdenbens dye,

. lriphenylmethane dye,
xanthene dye,
indanthrene dye,
indigo dye,
merocyanine dye,
and azo dye.

These dyes may have various substituents so as to control the solubility of the dye in a solvent or obtain desirable
recording characteristics. The dyes may be used alone or in combination.

Among the dyes, phthalocyanine dye, naphthalccyanine dye and porphyrin dye are prelerable fromthe standpoints
of light resistance and humidity and heat resistance. In particular, phthalocyanine dys is most preperaable from the
standpoint of absomtion characteristic of dye.

As phthalocyanine dyes there may be mentioned, for example,

alkyl substituted phthalocyanine,

alkoxy substituted phthatocyanine,

alkyithio substituted phthalocyanine,

trialkylsilyl sibstituted phthalocyanine,

halogenated phthalocyanine derived from the above-mentioned substituted phthalocyanine,

and the like. .

More particular substituted phthalocyanine dyes as described in the above-mentioned EP - 0337209 and EP -
0373643 are preferable which ara incorprated by raference. '

According to the present invention, the recording layer containing a dye can be usually formed by a coating method
such as spin coaling, dipping, bar coating and the like, because of sasy film formation. Among them, a spin coating
method is prefecabie. .

Formation of a recording layer by a spin coating method may be carried out by dissolving the above-mentioned
dye in a solvent, dropping the resulting solution onto a substrats, rotating the substrate to spread the dye solution over
the whole surface of the substrate and drying the spread solution. -

Exemplary suitable solvents used for dissolving the dye include:

aliphatic hydrocarbon solvents such as
n-hexane,

n-octane,

isooctane,

cyclohexane,

methylcyclohexane,

ethylcyclohexane,

dimethylcycliohexane,

cyclcoctane,

and the like; :

ether solvents such as diethylether,
diisopropyl ether,

dibutyl ether,

dioxane,

and tha like;

aleohol sacivents such as methanol,
ethanol,

isopropyl! alcohol,

butyl alcohol,

and tha like;

cellosoive solvents such as methyl cellosolve,
ethyl celloscive,

and the like; .
halogen conlaining solvents such as carbon tetrachloride,



223, 3-te!raﬂuoropropanol and the like;
toluane.

xylens,

cyclochexanone,

methyl isobutyl ketone, ethy! acetate,
butyl acetats,

and the like.

These organic solvents may be used alone or in combination.

When using such solvent, it is preferable to select a solvent which can dissolve a material (e.g. dye, resinous
binder and additives) used for a recording layer and further, does not adversaly affect the substrate. In general, the
thickness of the recording layer is preferably about S00 - 2000 A.

According to the present inventors' investigation, when the above-mentioned dye solution is coated on a substrate
by a spin coating methed to form a recording layer, the substrate is rotated to spread the dye solution over the whole
surface of the substrate by means of centrifugal force.

The solution spreads by the centrifugal force from the inner peripheral portion 1o the outer peripheral portion of
the substrate having a groove while the solvent evaporates. The cetrifugal force at the inner peripheral portion of the
substrate is different from that at the outer peripheral portion. Therefore, there is a difference between the coating
conditions at the inner peripheral portion and those at the outer paripharal portion.

Therefore, for example, when a substrate having a groove of a uniform shape, the thickness of the recording layer
thus spread on a groove and a land is ditferent from the inner peripheral portion toward the outer peripheral portion.
Such phenomena do nol occur in the case where the recording layer is formed by vapor deposition or sputtering.

Owing to the problems attributable to a spin coating method, various characteristics of the madium such as reflec-
tivity, radial contrast signal. push-pull signal, recording sensitivity and the like are liable to become nonuniform, that is,
vary from the inner peripheral partion to the outer peripheral gortion.

It is demanded 10 suppress such nonuniformity of characteristics to within 15 %. According to the study of the
present inventors. the problems can be solved to some extent by selecting appropriately the type of solvent, dropping
method of a dye solution and method of rotation, but have not yet been completely eliminated.

According 1o the present invention, in order to solve the problems, the dimension or shape of the groove of the
substrate is changed gradually from the inner peripheral portion to the outer peripheral portion.

The ditference in the shape of groove may be formed as to the depth, the width or both of them.

With respect to the depth, the manner of imparting the difference in the groove shape of a substrate is preferably
o make the depth deeper from the inner peripharal portion toward the outer peripheral portion, arid the ditference in
the depth is usually 50 - S00 A, preferably 100 .- 300 A.

With respect to the width, it is preferable to increase the width from the inner penphery toward the outer peripheral
portion, and the difference is preferably 0.02 - 0.1 pm.

width is liable to change simultaneously, but as far as the difference in the width is within the above-mentioned
range, there is no problem.

On the other hand, a difference in the width of groove can be formed wnhout forming a difference in the depth.
However, as far as the differenca in the depth is within the above-mentioned.range, the difference in the depth may
be formed.

When the difference in the depth exceeds 500 A or that in the width exceeds 0.1 um, signal characteristics such
as reflectivity, push-pull, radial contrast and the like and recording sensitivity are liable to become non-uniform, and
therefore, it is preferable that the differences do not exceed such limits.

On the other hand, when the diffarence in the depth is less than 50 A or that in the width is less than 0.02 pm, it
is not always easy to control uniformly the above-menticned signal characteristics, and further, fabrication of a substrate
having such dimension is not so easy.

The typical patterns of the variations are shown in FIG. 1. (a) shows a gradual (or linear) pattern, (b) shows a
stepwise pattern, and (c) - (e) show some medifications or mixed modes thereof. Further, the (¢) - {e) patterns may be
changed to stepwise patterns along the continuous lines of (c) - (e) patterns. The numbers of steps are in the range
of 2 - 512 (steps). There is a difference in the molding shrinkage of a resin between the inner peripheral portion and
the outer peripheral portion by about 0.05 % and therefore, it is advisable to take the difference into consideration.

In order to make the above-mentioned various characteristics of the medium uniform, it is easier to use a substrate
having the difference in depth of groove than using a substrate having the diffarence in width of groove though it
depends on the mathod of coating the dye soluticn.

The difference formed in the shape of groove is preferably gradual or stapwise from the inner peripheral portion
to the outer peripheral portion.

According to the present invention, a difference in the shape of groove of the substrate irom the inner peripheral
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portion to the outer peripheral portion can be formed by molding the substrate using a stamper having a groove with
a ditference in shape.

Such starnper may bae fabricztad by using 2 photoresist having a film thickness varving from the inner paripherai
portion 1o the outer peripheral portion, or by varying the laser beam power irradiating the rasist irom tne inner peripherai
portion to the outer peripheral portion. _

For example, the thicker the resist film, or the higher the laser beam power, the deeper the depth of groove of the
substrate can be. On the other hand, the width of grcove of the substrate can be widened by increasing the power of
laser beam upon exposure.

Further, the groove shape of the substrate of the present invention can be fabricated by selecting appropriately
the molding conditions of the substrate so as to change the transferring rate of groove shape of a stamper from the
inner peripheral portion to the outer peripheral portion. )

When a recording fayer containing a dye is prepared, in addition to the above-mentioned dye. there may be used
resinous binders such as nitroceliulose, ethylcellulose, acrylic resins, polystyrene resins, urethane resins and the like,
and additives such as leveling agents, defoaming agent, coupling agent and the like.

When large amounts of the binder and the additive are added, the recording sensitivity and reflectivitv are lowered.

in view of such fact as above, the amount of the binder and the additive is usually less than 20 % by weight,
preferably 10 % by weight or less, more preferably 5 % by weight or less.

In other words, the amount of the above-mentioned dye in the recording layer is usually at least 80 % by weight,
preferably 90 - 100 % by weight, more preferably 95 - 100 % by weight.

in order to improve the resistance o a coating solvent and recording characteristics and prevent deterioration of
the recording layer, there may be formed an intermediate layer between the substrate and the recording fayer.

Exempiary suitable materials for the intermediate layer include high polymers such as polycarbonate resins, acrylic
resins, polyurethane resin, epoxy resins, phenolic resins, ultraviolet ray curable resins and the like, and inorganic
substances such as silicon oxide, aluminum oxide, sificon nitride, aluminum nitride and the like. The intermediate layer
may be a single layer or a multi-layer.

According to the present invention, a reflective layer is formed on a recording layer. A material for forming the
reflective layer is preferably that having a suificiently high reflectivity to a semiconductor laser beam, and for example,
there is used a thin film of a metal such as Au, Ag, Al, Cu, Cr, Ni, Pt and the like and a thin film of an alloy containing
the metal as main component.

Further, there may be used a multifayer film produced by laminating altematively a low refractive index material
layer and a high refractive index material layer.

Among the above-mentioned materials, Au, Al and the like or films containing such metal as a main component
are preferable since such material can give a high reflectivity and the film formation is easy.

These refiective films can be formed by sputtering, vapor deposition, ion plating or the like. The thickness of the
reflective layer is preferably about 500 - 2000 A.

In order to improve adhesion and recording characteristics and enhance reflectivity, there may be provided an
intermediate layer between the recording layer and the reflective layer.

As materials for this intermediate layer, there may be used the above-mentioned materials used for the intermediate
layer between the substrate and the recording layer, silane coupling agent, titanate type coupling agent and the like.

According to the present invention, there is provided a protective layer on the reflective layer so as to protect the
recording layer and the reflective layer.

The protective layer may be usually made of a high polymer such as polycarbonate resins, acrylic resins, epoxy
resins, urethane resins, polyester resins, polysiloxane resins, silicone resins and the like or an inorganic substance
such as silicone oxide, aluminum oxide, silicon nitride, aluminum nitride and the like.

Amaong them, ultraviolet ray-curable acrylic resins and epoxy resins are preferabla since these materials can be
easily formed into a film.

The above-mentioned materials may be used alone or in combination. The protective layer may be formed of a
- single layer or [aminated two or more layers. The thickness of the protective layer is praferably about 2 - 15 pm.

The optical recording medium of the present invention is irradiated with a laser beam through the substrate to
record signals or read out the information. Wavelangth of the laser beam is preferably 630 - 860 nm. Semiconductor
laser having an oscillatory wavelength of such range as above is preferably used. For recording, the laser output is
made about 5 - 15 mW on the recording film while rotating the medium, and for readout, the laser output is made about
1/10 times that for recording.

Printing may be made on the protective layer of the optical recording medium of the present invention,

The optical racording medium of the present invention can record a large volume of information and is playable
by commoercially available compact disc players.

Particutarly, the optical recording medium has uniform characteristics over the whole surface of the medium, and
the characteristics are at least one of reflectivity, radial contrast signal and push-pull signal.



The prasent invention is explained more in detail in the (oilowing examples, but the embodiments of the present
nvention is nat fm:ted therete,

Examole 1

A 5 wt. % solution of a brominated (average 3.6 atoms per molecule) Pd-tetra-(1,2-dimethyipropoxy)-phthalocya-
nine in dibutyl ether was dropped on the inner peripheral portion of an injection moided polycarbonate rasin substrate
of 1.2 mm thick and 120 mm in diameter, having a spiral groove (0.48 um in width, 1530 Ain depth atthe inner peripheral
portion and 0.50 um in width, 1730 A in depth at the outer peripheral portion, the difference being present in depth at
100 steps; 1.6 um in pitch). Then the resin substrate was rotated at a speed of 900 rpm for 30 sec. The resin substrate
was dried at 40°C for 1 hour in vacug and a recording layer substantially composed of a phthalccyanine dye was
formed on a resin substrate.

On the recording layer was formed a gold thin film of 80 nm thick as a reflective layer by means of sputtering, and
further, as a protaclive layer. an ultraviolet ray-cured resin layer of S um thick was formed on a reflective layer to produce
an optical recording medium.

While the resulting optical recording medium was rotated at a linear speed of 1.4 m/s, there was used an optical
disc recording apparatus provided with an optical head carrying a semiconductor [aser having an oscillation wavelength
of 780 nm and a laser beam was controlled such that the laser beam focused on the recording layer through the resin
substrate. Thus there were measured reflectivity (Rg) on the groove and radial contrast signal (RCh) at the unrecorded
portion with a laser output of 1 mW on the recerding surfacs.

Then, the iaser output was changed ta 7 mW to record an EFM modulation signal in the groove and the laser
output was changed again to 1 mW to determine the maximum reflectivity (R top) and push-pull signal (P/Pa) at the
recorded partion. -

These procedures were eflected at the inner peripheral portion (23 mm ¢), the middle circular portion (32 mm ¢)
and the outer peripheral portion {57 mm ¢).

The resuits are shown in Table 1.

In the {ollowing examples and comparative examples, similar evaluation procedures were conducted.

Example 2

The procedure of Example 1 was repeated except that the depth of groove of the substrate varied from 1550 Aat
the inner peripheral portion to 1680 A at 32 mm in radius at 20 steps and is 1700 A from 32 mm in radius to the outer
peripheral portion and the rotation upon coating the dye solution was 1200 rpm, and a medium was prepared and
evaluated. Table 1 shows ths result. :

Example 3

The procedure of Example 1 was repeated except that in the substrate the depth of groove was 1400 A and the
width of groove varied from 0.46 um at the inner peripheral portion to 0.53 um an the outer peripheral portion at 100
steps and the rotation ugon coating the dye solution was 1000 rpm, and a medium was prepared and evaluated. Tabile
1 shows the result.

Examole 4

The procedure of Example 1 was repeated except that in the substrate the depth and width of groove wers varied
from 1200 A, 0.51 um at the inner peripheral portion to 1500 A, 0.55 pm at the outer paripheral portion at 100 steps
and the rotation upon coating the dye solution was 1200 rpm, and a medium was prepared and evaluated. The resuft
is shown in Table 1.

Comparative Exampie 2

The procedure of Example 1 was rapeated except thét the depth and width of groove of the substrate varied from
1400 A, 0.45 pm at the inner peripheral portion to 2000 A, 0.47 um at the outer peripheral portion at 100 steps, and a
maedium was prepared and evaluated. The result is shown in Table 1.

Comparative Exampls 1

The procedurs of Example 1 was repeated except that the width of groove was 0.51 um and the depth of groove



7
of the substrata was 1250 A at the inner peripheral portion and 1280 A at the outer peripheral portion, that is, there is
substantially no differance in depth of groove between the inner and the outer peripheral partions, and a medium was
praparad and evaluated. The result is shown in Table 1.

Comparative Exampls 3

The procedure of Example 3 was repsated excapt that the depth of groove was 1500 A and the width of groove
of the substrate varied from 0.44 um at the inner peripheral portion to 0.60 um at the ouler paripheral portion, at 100
staps, and a medium was prepared and evaluatad. The result is shown in Table 1.
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Rg : Reflectivity of groove at unrecorded portion

RCb : Radial contrast signal at unreacted portion

Rtop : Maximum reflectivity at recorded portion

P/Pa : Push-pull signal at recorded portion



FI1G.1

(a)

—~
SO
~—

(d)

)/
(=]
N

(e)

S3A00Y9 40 HLAIM YO Hid3d

Quter

Inner



Fosiso-3 s

- 10 -

OPTICAL RECORDING MEDIUM

ABSTRACT OF THE DISCLOSURE

An optical recording medium of a single plate type
comprises a substrate having a groove, a recording layer
containing a dye overlying the substr;te, a reflective
layer overlying the recording layer and a protective layer
overlying the reflective layer, wherein the recording
layer is formed by a spin—céating method and the dimen-
sion of the groove varies from the center portion of the

substrate toward the outer periphery thereof.

FIGURE 1.
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Claims

1. An cptical disc recording medium of a single plate type comprising a substrate having a groove, a recording layar
containing a dye overlying the substrate, a metal reflective layer averlying tha recording layer and a protective
layer averlying the reflective layer, wharein the recording layer is formaed by a spin-coating mathod and the dimen-
sion of the groove varies from the center partion of the substrate toward tha outer periphary lhereof, charactarized
in that the depth of the groove and/ar the width of the grocve incraases from the centar partion of the substrate
toward the auter partian thareot and the degree of increase of tha depth of graave from the center partion of the
substrate toward the outer periphery therao! is 50-500 A andfor the degres of increasa of the width of groove from

the center portion of the substrate toward the outer periphery theraot is 0.05-0.10 pm and recording by laser beam
is made in the greave.

2. The optical recording medium according to claim 1 in which the dagree of variation of the depth of groove from
the center portion of the substrate toward the outer periphery thereot is 100-300A.

3. The optical recerding medium according to any one of claims 1 and 2 in which the dye is a phthalccyanine type dye.

This is the replacement shest

Date: 1 6 AUG 1998
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OPTICAL RECORDING MEDIUM

ABSTRACT OF THE DISCLOSURE

An optical recording medium of a single plate type
comprises a substrate having a groove, a recording layer
containing a dye overlying the substrgte, a reflective
layer overlying_the recording layer and a protective laver
overlying the reflective layer, wherein the recording
layer is formed by a spin—céating method and the dimen-
sion of the groove varies from the center portion of the

substrate toward the outer periphery thereof.

FIGURE 1.
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