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ULTRAVIOLET CURABLE COMPOSITION, OPTICAL DISC USING THE SAME,

AND PROCESS FOR PRODUCING OPTICAL DISC

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION |

The present invention relates to.techniques for bonding
two discs together, at least one of which has an information
recording layer. More specifically, the present invention
relates to an ultraviolet curable composition which can be_.
used as an adhesive agent, an optical disc in which the
ultraviolet curable composition is uséd, and a process for

producing optical discs.

2. DESCRIPTION OF RELATED ART

A DVD ("digital video disc" or "digital versatile disc")

is manufactured by a method of bonding two discs together, at

least one 6f which has an information recording layer. Use of
an ultraviolet curable composition as an adhesive in this
method has been considered.

In the case of read-only DVDs, the structure of the two
bonded substrates may be one of the following types or the
like, which can be properly selected depending on the
application: a type in which two substrates are used which
are each provided on one surface with irregularities called
pits which correspond to information to be recorded, and

further, as a reflecting film for a laser beam for reading

information thereon, an aluminum layer, for example, is
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formed, so as to provide an information recording layer (DVD-
10); a type in whiéh, as one of the substrates, a transparent
substrate having no information recording layer is used (DVD-
5); a type in which one of the substrates is provided with a
semitransparent reflecting layer made of gold or the like, and
the other substrate is provided with an aluminum reflecting
layer (DVD-9); and a type in which two substrates are bonded
together, each of which has two information recording layers
on one side (DVD-18).

A polycarbonate, a polymethylmethacrylate, an amorphous

polyblefin, and the like are common as the material for the

‘substrates of these opticai discs.

At present, gold is mainly used for fhe semitransparent
films for DVb-9 discs. However, since gold is a very
expensive material, the use of silicon or silicon compounds
has been considered for the purpose of reducing the cost
("silicon compounds" hereinafter refer to "silicon or silicon
cpmpounds" unless otherwise defined). Examples of silicon
compounds which may be.used for this pﬁrpose are silicon and
Silicon nitride. However, a problem was found that due to
poor adhesion of a thin film of a silicon compound to an
ultraviolet curable composition, which is used as an adhesive,
in comparison with a metallic thin film such as gold, the
substrate on which the film was formed and to which the other.
substrate was bonded using the ultraviolet curable composition
may come off after being left for a long time under conditions

of high temperature and high humidity. Therefore, an adhesive
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agent made of an ultraviolet curable composition which
provides long-term stability of signals and which allows

production of highly reliable bonded discs has been desired.

BRIEF SUMMARY OF THE INVENTION
The object of the present invention is to provide an
ultraviolet curable composition which is most suitable for an
adhesive agent for optical discs which have a bonded
structure. 1In particular, the object of the present invention
is to provide an adhesive composition which can bond a
substrate having a reflecting layer made of a silicon compound

to which adhesion of conventional ultraviolet curable

compositions is insufficient. Another object of the présent

invention is to provide an optical disc, as well as a
production method therefor, in which the adhering surfaces
have sufficient adhesion, and in particular, the adhering
surface of a reflecting layer which is made of a silicon
compound has strong adhesion.

As a result of the present inventors' diligent research
aimed at attaining the above objects, the present inventors
have found that the addition of a silane coupling agent
containing an epoxy silane or a (meth)acrylsilane to the
ultraviolet curable composition improves the adhesion of the
bonded disc,.particularly when the disc is a DVD-9 disc in
which a silicon compound is used as a semitransparent film,
and thus the present inventors achieved the pfesent invention.

According to the present invention, an ultraviolet



ath

10

15

20

25

4
curable composition is provided which comprises a silane
coupling ageht containing an epoxysilane or a
(meth)acrylsilane, the ultraviolet curable composition being
useful as an adhesive agent in the production of optical discs
in which two plastic substrates are bonded together, at least
one of which is provided with a thin film of a reflecting
layer as the outermost layer so that the surface of the
reflecting layer provides an édhering surface. In addition,
according to the present invention, an optical disc in which
at least one of the substrates has a thin film of a reflecting
layer and a production process for the optical disc are
provided, wherein an ultraviolet curable composition which is
used as an adhesive agent compriseé a silane coupling agent
containing an epoxysilane or a (meth)acrylsilane.

The "epoxysilane" and the " (meth)acrylsilane" in the
present invention are silane coupling agents which have an
epoxy group or a (meth)acryl group, which forms a chemical
bond with an organic material, as well as a group, such as a
methoxy group, an ethoxy group, and a silanol group, which
forms a chemical bond with an inorganic material such as glass
and metal.

In the ultraviolet curable composition according to the

present invention, in order to obtain good adheSion, it is

‘preferable that the amount of the silane coupling agent in 100

parts by weight of the ultraviolet curable composition be 0.1
to 5 parts by weight.

In general, some cases are known in which the addition of
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a silane coupling agent to an adhesive agent improves the
adhesion thereof. However, a silane coupling agent containing
an epoxysilane or a (meth)acrylsilane has never been used in
an ultraviolet curable composition for bonding substrates for
an optical disc. A silane coupling agent containing an
epoxysilane or a (meth)acrylsilane, which is used in the
present invention, not only improves adhesion for the above
purpose, but also has an excellent durability under conditions
of high.temperature and high humidity. Such a silane coupling
agent is suitable as an adhesive agent for a thin film of a
silicon compound, on which water drops are readily formed
under the above conditions due to its strong water repellency.

Accordingly, use of the ultraviolet curable composition

of the present invention allows production of optical discs

such as DVD-9 discs, which have a semitransparent reflecting
layer made of a silicon compound on one of the disc
substrates, having desirable properties such as excellent
durability and reliability, which are evaluated by tests in a

high temperature and high humidity.

DETAILED DESCRIPTION OF THE INVENTION
Embodiments of the present invention. will be described in
the following, on the basis of preferable modés.
In the preparation of the ultraviolet curable composition
of the present invention, a silane coupling agent, an
ultraviolet curable compound, and a photopolymerization

initiator are used as essential components.
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Preferable examples of silane coupling agents for the
present invention are as follows: examples of epoxysilanes
are B-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, y-glycidoxy-
propyltrimethoxysilane, and v-glycidoxypropylmethyldiethoxy-
silane; and an example of (meth)acrylsilane is y-methacryloxy-
pfopyltrimethoxysilane.

Such silane coupling agents are sold, for example} under
the trade names of "KBE403" (y-glycidoxypropylmethyldiethoxy-
silane), "KBM403" (y-glycidoxypropyltrimethoxysilane),
"KBM502" (y-methacryloxypropylmethyldimethoxysilane), and
"KBMS503" (y-methacryloxypropyltrimethoxysilane) by Shin-Etsu
Silicones Co., Ltd, and can be obtained easily.

For the ultraviolet curable compound, monofunctional
(meth)acrylate or polyfunctional (meth)acrylate can be used as
a polymerizable monomer component. One type of ultraviolet
curable compound alone or a combinafion of two or more types
of ultraviolet curable compouﬁds may be used. For describing
the present invention, " (meth)acrylate"™ here refers to
acrylate'and methacrylate.

Examples of polymerizable monomers which can be used for
the present invention are as follows: |

examples of monofunctional (meth)acrylates are those
having a substituent group such as methyl, ethyl, propyl,
butyl,'amyl; 2-ethylhexyl, octyl, nonyl, dodecyl, hexadecyl,
octadecyl, cyclohexyl, benzyl, methoxyethyl, butoxyethyl,
phenoxyethyl, nonylphenoxyethyl, glycidyl, dimethylaminoethyl,

diethylaminoethyl, isobornyl, dicyclopentanyl, dicyclo-
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pentenyl, and dicyclopentenyloxyethyl; and

examples of polyfunctional (meth)acrylates are
di (meth)acrylates such as 1,3-butylene glycol, 1,4-butanediol,
1,5-pentanediol, 3-methyl-1,5-pentanediol, 1, 6-hexanediol,
néopentylglycol, 1,8-octanediol, 1,9-nonanediol, tricyclo-
decanedimethanol, ethylene glycol, polyethylene glycol,
propylene glycol, dipropylene glycol, tripropylene glycol, and
polypropylene glycol; a di(meth)acrylate of tris(2-hydroxy-
efhyl) isocyanurate; a di(meth)acrylate of a diol obtained by
adding at least 4 mol of ethyleneoxide or propyleneoxide to 1
mol of neopentylglycol; a di(meth)acrylate of a diol obtained
by adding at least 2 mol of ethyleneoxide or propyleneoxide to
1 mol of bisphenol A; a di- or tri(meth)acrylate of a triol
obtained by adding at least 3 mol of ethyleneoxide or
propyleneoxide to 1 mol of trimethylolpropane; a
di (meth)acrylate of a diol obtained by addiﬁg at least 4 mol
of ethyleneoxide or propyleneoxide to 1 mol of bisphenol A;
trimethylolpropane tri(meth)acrylate; pentaerythritol
tri(meth)acrylate; a poly(meth)acrylate of dipentaerythritol;
an ethylene oxide modified phosphoric acid (meth)acrylate; and
an ethylene oxide modified alkylated phosphoric acid
(meth)acrylate.

A polymerizable oligomer may be used together with- the
polymerizable monomer. Examples of the polymerizable oligomer
are polyester (meth)acrylate, polyether (meth)acrylate, epoxy
(méth)acrylate, and urethane (meth)acrylate.

Any known conventional photopolymerization initiator
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.which can cure the ultraviolet curable composition used, which

is represented by a polymerizable oligomer and/or a
polymerizable monomer, can be used as the photopolymerization
initiator for fhe present invention. However, a molecular
cleavage type or a hydrogen pull-off type is preferable for
the present invention.

Benzoin isobutyl ether, 2,4-diethylthioxanthone, 2-
isopropylthioxanthone, benzyl, 2,4,6-trimethylbenzoyldiphenyl-
phosphineoxide, 2-benzyl-2-dimethylamino-1-(4-morpholino-
phenyl)-butane-1-on, bis(2,6-dimethoxybenzoyl)-2,4,4-
trimethylpentylphosphineoxide, or the like can be preferably
used as the photopolymerization initiator for the present
invention. A molecular cleavage type.photopolymgrization
initiator otﬁer than the above may be additionally used, such
as l-hydroxycyclohexyl phenyl ketone, benzoin ethyl ether,
benzyl dimethyl ketal, 2-hydroxy-2-methyl-l-phenylpropane-1l-

on, 1-(4-isopropylphenyl)-2-hydroxy-2-methylpropane-1l-on, and

2-methyl-1-(4-methylthiophenyl)-2-morpholinopropane~l-on. A

hydfogen pull-off type photopolymerization initiator may also
beladditionally used, such as benzophenone, 4-phenyl-
benzophenone, isophthalphenone, and.4—benzoy1-4'-methyl-
diphenylsulfide.

| With the above photopolymerization initiator, an amine
which does not induce an addition reaction with the above
polymerizable component, such as trimethylamine, methyl-

dimethanolamine, triethanolamine, p-diethylaminoacetophenone,

ethyl p-dimethylaminobenzoate, isoamyl p-dimethylamino-
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benzoate, N,N-dimethylbenzylamine, and 4,4’-bis(diethyl-
amino)benzophendne may be additionally used as a sensitizer.
The above photopolymerization initiator and the sensitizer are

preferably selected, as a matter of course, from those which

. have excellent solubility in the ultraviolet curable compound,

and which do not inhibit the ultraviolet transmittance.

An ultraviolet curable composition which is a liquid at a
temperature between an ambient temperature and 40°C can be
preferably used. Preferably no solvent is used, and even if a
solvent is used, the amount thereof should be as small as
possible. When the application of the above composition is
carried out using a spin coater, the composition is preferably
prepared so as to have a viscosity of 20 to 1000 mPa-s. If
the thickness of the applied composition is intended to be
comparatively thick, that is, 40 pm or thicker, for example,
the composition is prepared so as to have a viscosity of 100
to 1000 mPa-s.

The composition of the present invention may be combined
with other additives as necessity arises, such as a thermal
polymerization inhibitor; an antioxidant represented by
hindered phenol, hindered amine, and phosphite; and a
plasticizer so as to improve various properties. The above
additives are preferably selected from those which have
excellent solubility in the ultraviolet curable compound, and
which do not inhibit the ultraviolet transmittance.

In the following, preferred modes of the embodiments of

optical discs in which substrates are bonded together using an
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ultraviolet curable composition according to the present
invention are described.

First, one disc substrate made of any one of a
polycarbonate, a polymethylmethacrylate, and an amorphous
polyolefin, in which a 40-60 nm aluminum thin film is
sputtered on pits which correspond to recorded information and
another similar diéc substrate in which a 10-30 nm
semitransparent reflecting layer of a silicon compound is
sputtered on pits which correspond to recorded information,
are prepared.

Then, the above ultraviolet curable composition, to which
a silane coupling agent containing an epoxysilane or a
(meth)acrylsilane is added, is prepared.

The above composition is coated on the aluminum thin film
surface of the disc substrate with the 40-60 nm aluminum thin
film, and the disc substrate with the 10-30 nm semitransparent
reflecting layer of a silicon compound is bonded such that the
semitransparent reflecting layer is opposite the aluminum
reflecting layer, to which the above compositioﬁ has been
applied. One side or both sides of the bonded disc are
irradiated with ultraviolet rays to unite the.substrates to
form a DVD-9 disc. In view of adhesicn, it is preferable that

the bonded disc be irradiated with a flash of ultraviolet

" rays.

EXAMPLES

Next, the present invention will be described in detail
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through examples. However, the present invention is not
limited to these examples. In the examples, "parts" indicates

"parts by weight.”

Example 1

15 parts of "UNIDIC V-5500" (manufactured by DAINIPPON
INK AND CHEMICALS, INC.) as a bisphenol A type epoxy acrylate;
14 parts of urethane acrylate obtained by reacting 1 mole of
polytetramethylené glycol (molecular weight 1000) with 2 moles
of isophorone diisocyanate, and then with 2 moles of hydroxy-
ethyl acrylate; 22 parts of tripropylene glycol diacrylate; 22
parts of 2-hydroxy-3-phenoxypropyl acrylate; 18 parts of
ethylcarbitol acrylate; 1.5 parts of ethylene oxide-modified
trimethylolpropane triacrylate; 0.2 pérts of ethylene oxide-
modified phosphoric acid methacrylate; 0.3 parts of ethyl
dimethylaminobénzoate; 2 parts of 2,4,6—triﬁethylbenzoyl—
diphenylphosphine oxide and 4 parts of l-hydroxycyclophenyl
ketone as photopolymerization initiators; and 1 part of y-
glycidoxypropyltrimethoxysilane as a silane coupling agent

were mixed and dissolved by heating at 60°C for 1 hour to

prepare a pale yellow transparent ultraviolet curable

composition.

Example 2
By a process similar to that of Example 1 except for
using 1 part of y-methacryloxypropyltrimethoxysilane as the

silane coupling agent, a pale yellow transparent ultraviolet
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curable composition was prepared.

Comparative Example 1
By a process similar to that of Example 1 except for not
adding the silane coupling agent, a pale yellow transparent

ultraviolet curable composition was prepared.

Comparative Example 2

By a process similar to that of Example.l except for
using 1 part of y-aminopropyltriethoxysilane as the silane
coupling agent, a pale yellow transparent ultraviolet curable

composition was prepared.

Using the ultraviolet curable compositions obtained in
the above Examples and Comparative Examples, the adhesion and
durability of DVD-9 type bonded discs were evaluated by the
test methods described below. The resulﬁs are shown in Table

1.

<Test Methods: lAdhesion and durability tests on DVD-9 type
bonded discs>

On a polycarbonate disc on which pits for recording
information were formed and aluminum was sputtered to 50 nm,
the above-described composition was coated using a dispenser,
and this polycarbonate disc was overlaid with a polycarbonate
disc on which a silicon compound was sputtered as a

semitransparent film. Then, using a spin coater, the disc was
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spun at 1,500 ﬁin* for 1 to 22 seconds so that the film
thickness of the cured coating £ilm would be about 50-60 pm.

Then, using a "XENON FLASH IRRADIATION APPARATUS SBC-04"
manufactured by USHIO INC., irradiation of the disc with 10
shots of ultraviolet rays at a voltage of 1,800 V was carried

out in air from the side of the substrate with the silicon

"compound semitransparent film to make a DVD-9 type disc.

Evaluation of adhesion was carried out by forcefully
separating thé substrates in the bonded disc, and observing
the conditions of the separated surfaces. That is, when the
bonded disc was separated, if the aluminum reflecting layer
came off together with the adhesive agent from the
polycarbonate substrate, the rating-was "good”. If the
reflecfing layer did not come off from the substiate, the
rating was "poor".

For the bonded disc, durability tests were conducted in
which the bonded disc was left under conditions of a high
temperature and high humidity environment of 80°C and 95% RH
for 96 hours in a temperature/humidity chamber "PR-2PK"
manufactured by TABAI ESPEC CORP., and an evaluation of the
signal properties before and after the durability test was
performed. The disc which had been subjected to the
durability tests was stored in a room in which the temperature
and the humidity were adjusted to 23 + 5°C and 50 + 5% RH.
Three hours later, the appearance was visually observed, and

24 hours later, the properties of the signals were measured.
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An evaluation of signal properties (measurement of error
rates) before and after the durability tests was carried out
using a "SDP-1000" manﬁfaétured by PULSTEC IND. CO., LTD., and
the ratios of PI error rates before and after the test (the
value after the durability test/the value before the
durability test) were obtained. The maximum value was used as
the measured value of the error rate. In general, since the
error rate is dependent on the properties of individual disc
substrates, the error rates of discs tend to vary, and it is
difficult to compare initial values of error rates of bonded

discs. However, error rates can be compared with a uniform

‘standard using the relative ratios of the error rates before

and after the durability test.

Table 1
Comparative Comparative
Example lExample 2 Example 1 Example 2
DVD-9 '
durability .
(rate of 1.7 2.3 13 No data available

increase in after test

error rate)

Visual ' Many water Substrates cam
observation of Good Good drops were apart durin ze:t
appearance observed [P g
Adhesion Good Good Poor Substrates came

apart during test

The result of the tests on DVD-9 type bonded discs, in
which a semitransparent film of a silicon ;ompound was used,
show that the optical discs of Examples 1 and 2, for which
bonding was carried out using the ultraviolet curable

composition of the present invention to which the silane
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addition, even after the durability tests, the optical discs

of Examples 1 and 2 had a good appearance, and the variation

in properties of signals was very small. On the other hand,

the optical disc of Comparative Examﬁle 1, for which bonding
was carried out using the ultraviolet curable composition to
which a silane coupling agent was not added, had poor adhesion
and poor durability, and remarkably deieriorated the
properties of sigﬁals. In addition, the optical disc of
Comparative Example 2, in which an additive which differed
from the silane coupling agent was added, was of poor
practical use since the adhesion deteriorated remarkably, and
the substrates came apart by themselves during the durability

tests.
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1. An ultraviolet curable composition comprising:

a silane coupling agent containing an epoxysilane or a
(meth)acrylsilane;

an ultraviolet curable compound; and

a photopolymerization initiator.

2. An ultraviolet curable composition for use as an adhesive
agent in production of an optical disc in which two plastic
substratés are bonded together using the ultraviolet curable
composition between adhering surfaces of the substrgtes, at
least one of the substrates being provided with a reflecting
layer as the outermost layer so that the surface of the
reflecting layer provides the adhering surface, the
ultraviolet curable composifion comprising:

a silane coupling agent containing an epoxysilane or a
(meth)acryisilane;

an ultraviolet curable compound; and

a photopolymerization initiator.

3. An ultraviolet curable composition according to claim 1

or 2, wherein the amount of the silane coupling agent in 100

parts by weight of the ultraviolet curable composition is 0.1

to 5 parts by weight.

4. An ultraviolet curable composition according to claim 1
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17 e
or 2, wherein at least one of the adhering surfaces is a
surface of the reflecting layer, which is made of silicon or a

silicon compound. -

5. An optical disc in which two plastic substrates are
bonded together using an ultraviolet curable composition
between adhering surfaces of the substrates, at least one of
the substrates being provided with a reflecting layer as the
outermost layer so that the surface of the reflecting layer
provides the adhering surface,

wherein the ultraviolet curable composition comprises:

a silane coupling agent containing an epoxysilane or a
(meth)acrylsilane;

an ultfaviolet curable compound; and

a photopolymerization initiator.

6. ' An optical disc according to claim 5, wherein at least
one of the adhering surfaces is a surface of the reflecting

layer, which is made of silicon or a silicon compound.

7. An optical disc according to claim 6, wherein the plastic
substrate comprises a polycarbonate, a polymethylmethacrylate,

or an amorphous polyolefin.

8. A process for producing an optical disc comprising the
step of bonding two plastic substrates together using an

ultraviolet curable composition between adhering surfaces of
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the substrates, at least one of the substrates being provided
with a reflecting layer as the outermost layer so that the
surface of the reflecting layer provides the adhering surface,

wherein the ultraviolet curable composition comprises:

a silane coupling agent containing an epoxysilane or a
(meth)acrylsilane;

an ultraviolet curable compound; and

a photopolymerization initiator.

9. A process for producing an optical disc according to
claim 8, wherein at least one:of the adhering surfaces is a

surface of the reflecting layer, which is made of silicon or a

silicon compound.



