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, PRODUCTION THEREOF

5 BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an optical record-
ing medium; ané more particularly, to an optical record-
ing medium of a single plate type comprising a recording

10 layer composed of a dye, having a high reflectivity, cap-
eble of fecording a larée volume of information and a pro-
cess for producing the medium.

Description of the Related Art

Writable optical recording mediums of a single plate
15 type plaYable by a commercially available'compact disc
(hereinafter called “CD") which comprises a recording -
layer composed of a dye, a metal reflective layer overiy-
ing the recording layer for enhencing reflectivity.and a
protective layer overlying the reflective layer are pro-

20 posed, for example, in Optical Data Storage 1989 Technical

Digest Series Vol. 1, 45 (1989);, and EP—353393;

In these optical recording mediums, a -protective layer
is provided on a_reflective'layer in order to“brotect a
recording’ layer and the reflective layer. As the Erotec—

25 tive layer, a hard resin, so-called "hard coat", is
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BACKGROUND OF THE I NVENTION Field of the |Inventionm The present

i pvention relates to a process for pro- ducing an opti cal recording medi um
and nore particu- larly, to a process for pr.dduci ng anopticalTecording
me- diumof a single plate type conprising a recordhﬂ% E%E&ﬂl‘g e of a
dye having a high reflectivity, capable of recording ﬂw of

i nf ormati on. -2 -
usually used so as to prevent the damage of the record-

ing layer and the reflective layer.
Furth?r, additional functions of the protective layer
are the prevention of peeling of the recording'layer and

5 the reflective layer, inhibition of oxidative deteriora-
tion of the recording layer and the reflective layer,
and thereby serving to improve the durability.

Therefore, the adhesion between the protective layer and
the reflective layer is required to be strong.

10 However, in the case of a medi;m_using a dye in a
recofding layer, the recording layer is usually formed
by spin-coating. 2An optical disc substrate has a groove,
and when a.recording iayer is forméd by $pin4coating, the
reco#dinq layer is formed on the whole surface of the

15 substrate ranging from the further inside of the groove
at ﬁhe inner peripheral portion of the substrate to the-
outermost edgé of the substrate.

Tak;ng into_consideratipn the adhesion between the
protective layer and the reflective layer, it is demanded

20 to remove the recording layer at the inner peripheral and

| outer péripheral portions of the subsfrate and form a
protective layer'éxtending over the pefipheries of the
recording iayer and the reflective layer as probbsed by
Japanese Patent Applicatlon Laid-Open Nos. Hei 2 - 183442

25 and 2 - 236833.
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tbscription of the Related Art Witable optical recording nmediuns of a
single plate type playable by a commercially avail abl e conpact di'sc
Thereinafter called "CD') which conprises a recording | ayer conposed of a
dye, a metal reflective |layer over- lying the.recording |ayer for ‘enhancing
reflectivity and a protective |layer overlying the reflective |ayer are pro-
posed, for exanple, in Optical Data Stdrage 1989 Tech- nical Digest Series
Vol. 1, 45 (1989)., and EP-353393.

In order to form the protective iayer extending over
both the recording layer and the reflective layer as
shown, for_example, in FIG. 4, it is necessary to provide
a portion Qhere the'subsﬁrate is exposed at each of thet

5 inside of the innermost periphery and the outside of the
outermost periphery (outermost edge) of the'recording
layer.

For the purpose of fofming such a structure, hereto-
fore, the reéerdiné layer formed at each of the outer

10 and the innef peripheral portions has been.removed. For
example, the recording layer at the outer peripheral
portion of the substrate can be easily removed by dropp-
ing a solvent to the peripheral portion while rotating
the substrate.

15 'On the contrary, fhe recording layer et the inner
peripheral portion can not be removed by the.same method
as that used for removing the recording layer at the
outer peripheral portion, but is removed only by, for
example, wiping the recording leyer'aWay with a solvent

20 or burning the recording iayer with laser as disclosed
in Japanese Patent Application Leid-Open No. Hei 2 -
183442; | |

' However, according to the present inventors' investi-
gation, those methods are complicated and of less produc-

25 tivity, and the recording layer can not be completely
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In these optical recording mediuns, a protective layer is provided on a
reflective layer in order to protect a recordi ng |ayer and the reflective

tayer. As the protec- tive layer, a hard resin, so-called "hard-coat", is
usual |y used so as to prevent the damage of the recording |ayer and the
.reflective |ayer. Further, additional functions of the protective |ayer -

are the prevention of peeling of the recérding |ayer and the reflective
| ayer, inhibition of oxidative deterioration

removed. . And we have found that the adhesion of fhe
protective layer is not sufficient, and when the medium
is allowed to stand under high temperature and high |
humidity conditions for a long period of time, the peei-

5 ihg strength at the inﬁer peripheral portion is poor so
that peeling occurs at the inner peripheral pértion.

Alternatively, a recording layerlat'the inner peri-
pheral portion can bé removed as shown in Japanese Patent
Application Laid-Open No. Hei 2- 236833. That is, a

10  reflective layer is formed on a recording layer in such
a way tha£ the recording layer protrudes from the inner
and the outer edges of the reflective layer and the re-
cording layer protruding the inner and_outér edges of the
reflective layer is washed away with a solvent.

15 We have found that, according to this'method, when
the reflective layer is washed with a solvent, it is .
damaged and thereby, the reflective layer is peeled off
and noise of the resulting medium increases, because the
reflective layer is a very thin metal film.

20 fhis method is also including a complicated solvent
washihg-séep and further, the productivity is pbor.

The present inventors have variously researched so
as to develop a method for producing easily and at'a high .
productivity an opﬁical recérding medium of a single plate

25 type such that the adhesion of a protective layer to a
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e recording |layer and the reflective layer, and there- by serving

to i!%ro?e.the durability. Therefore, the ad-.

reflective layer is excellent and no peéeling occurs at
ﬁhe inner peripheral portion and the outer peripheral
portion when subjected to a tépe peeling test after thez
medium is stood under high temperature and high fumidity
conditions for a long period of tiﬁe. |

Thé present invéntors have noticed an important fact
that the remaining.stress at the protective layer etc. is
different depending on the positions of ﬁhe layer, that
is, tﬁe inner peripheral portion and the outer periphé:al

portion, and the remaining stress at the inner peripheral

portion is much smaller than that at the outer periphgral

portion. The preéent inventors have found'that the above-
mentioned disadvantages can be solved by (1) forming a
reflective layer extending over the recording layer and
further forming a protective layer extending over the |
reflective layer at the outer peripheral portion of the
substrate and (2) forﬁing a protective layer extending
over both the recording layer and the reflective layer

at the inner peripheral portion, that is,'it_is not neces-
sary thgt the reflective layer extends ové: the recording

layer at the inner peripheral portion as shown in FIG. 3.
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“hesi on between the protective layer and the reflective layer is required to
be strong. However, in the case of a nmediumusing a dye in a recording
clayer, the recording layer is usually fornmed by spin-coating. An optical

di sc substrate has a groove, and when a recording layer is forned by

spi n-coating, the recording layer is fornmed on the whole surface of the
substrate ranging fromthe further i_ngi de of the groove at the inner

peri pheral portion of the substrate “to fhe out- ernost edge of the

substrat e. Taking into consideration the adhesi on between the

SUMMARY OF THE INVENTION

An objecﬁ of the present invention is to provide
an optical recording medium exhibiting an excellent ad-%
Hesion strength of the protective layer even when stood
5 under high humidity and high temperature conditions for a
long périéd of time.
According to one aspect of the present invention,
there is provided an optical'recdrding medium comprising
a transparent resin substrate, a reéording layer overly-
io ing the substrate,
| a metal reflective layer overlying the recording layer,
and
a protective layer overlying the metal réflectivg layer
which comprises
15 the substr;te having no.recording layer at the inner peri-.
pheral portion (e.g. 6' in FIG. 4) and at the outer
peripheral portion (e.g. 4 in FIG. 4), the-recording
layer containing a dye being provided at a region of the
substrate other than the bove-mentioned non-recording-
20 layer-portions,
the metal reflective layer being.provided on the record-
ing layer such thaﬁ the inner peripheral portion of the
metal reflective layer substantially consists with that
of the recording layer and the outer peripheral porfion

25 of the metal reflective layer extends over that of the

e
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protective layer and the reflective layer, 1T 1S demanded to renove the

recording |ayerat the inner peripheral and outer peripheral portions of the

substrate and forma pro- tective |layer extendi-rg-over—theperipheries of

the re- cording layer and the reflective |ayer as ro osed by Japanese

Pat ent Application Laid-Open Nos. Hei 2 - 183442‘11 as B efl ecting
Iwmi rotective

| ayer extending over both the recordi-ng l-ayer and e layer as

the preanbl e of ap- pended claim 1. I n order
shown, for exanple, in FIG 4, it is necessary to provide

recording layer to become preferably an annular form, and
the inner Perlpheral portion and the outer peripheral

- portion of the protectlve layer extendlng over those of -
the reflectlve layer, respectively.

5 - According to another aspecﬁ of the present invention,
there i§ provided a process for producing an oﬁtical re-
cording medium comprising a transparent ;ésin substrate,

a recording layer overlying the substrate, a metal'refleé~
tive layer:overlying the recording layer, and a protective

10 layer overlying'the metal reflective layer,.which comprises:
forming a recording layer containing a dye by spin-~coating
on the substrate; |
removing the recording layer in the vicinity of the outef-
most peripher#l pdrtion of the substrate to form a por-

15 tion at the inside of the outermost periphery of the sup-
strate where the surface of the substrate is éxposed;
forming the metal reflective layer on the recording layer
such that ihe recording layer protrudes preferably in the
annular form at the inner peripheral portion of the metal

20 reflective layer while the metal reflective layer extends

| | over the.recording laYer at the Buter peripheral portion
and a preferable annular region having no :éflegtiVe layer
is provided at the outermost peripheral portioﬁ of the
substraﬁe;

25 coating a liquid resin capable ofldissolving the reéording

- layer at least from the protruding region of the re-



a portion where the substrate is exposed -at each of the inside of:the

i nner nost periphery and the outside of the outernost periphery (outernDst
edge) of the recording |ayer.  For the purpose of formng such a
structure, here- tofore, the recording 8ayer forned at each.of the outer
and the inner peripheral portions has been renoved. For exanple, the
recording |layer at the outer peripheral por- tion of the substrate can be
easily renoved by dropping a solvent to the peripheral portion while
rotating the sub- strate.

cording layer to thé outermost peripheral portion of the
substrate, and théreby removing the recording layer ex-
tending qver'the inner peripheral portion of the reflec-
tive layef by dissolution; |
5 curing the coated liquid resin and thereby forming on the
metal reflective layer thé protective layer extending
over the reflective layer both at the inner and outer

peripheral portions.

10
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BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows schematically a cross section of a
structure composed of a substrate and a recording layer.

at a step of producing an embodiment of the optical record-

ing medium of the present invention;

FIG. 2 shows schematically a cross section of a
structure at a step following FIG.1 where the outermost
peripheral portion of the recording'layer-is removed;

fIG. 3 shows schematically a cross section of a
structure at a step foliowing FIG. 2 where a reflective
layer is formed on the récording layer;

FIG. 4 shows schématically a cross section of an’
embodiment of the optical recording medium of the present
invention; and |

FIG. 5 is a ?artially cross—sectional diagrammatical

perspective view illustrating'an embodiment of the struc-

ture of the optical recording medium of the present in-

vention cofresponding to FIG. 4.
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on tpe contrary, the recording layer at the iInner pe- ripheral portion can
not e renoved by the sane nethod as that used for renoving-the recording

fayer at the outer peripheral portion,. bat isremoved only by, for exanple
Wi pinng the recording |ayer awaywi th a solvent ‘or burningaphe~ﬁeCUTdTﬁ§Hp—d4

| ayer with |aser as disclosed in Japanese Patent Appllcatlon L ﬁ&d
Hei 2 - 183442. However, accordingiga the present invé

tigation, those nmethods are conplicated and of |ess pro- ““m‘m he
recording | ayer can not be conpletely

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A process for producing.an optical recording medium
according-to the present invention may be carried out aé
shown below.

5 Referring to FIG. 1, a recording layer 2 is formed
on.a substrate 1 outéide of a dent 3 formed by a stamper
fixing jig.

Then, as shown in FIG. 2, the recoraing layer 2 in
the ﬁicinity of the outermost peripheral portion 4 of

10 substrate 1 is removed.

Furthef; as shown in FIG. 3, a reflective layer 5
is formed Such that the reflective layer 5 extends err
the outer periphery of recording layer 2, but does not
reach the outer-periphery of substrate 1 and therefore,

15 some outer peripheral portion 4' thereof is still exposed,
and the reflective layer 5 does.not reach the inner peri-
phery of recording layer 2, that is, recording layer 2
protrudes_;nward exceeding the inner periphery of the
reflective layer 5 as indicated by feference numeral 6.

20 Furthermore; a liquid resin for protective layer is
coated.to'cover both putermost peripheral portion of sub-
strate 1 and the whole reflective layer, from the inner
peripheral pértion 6 of recording layer 2 not govergd
with reflective layer 5 to the outer peripheral edge of

25 substrate 1. The portion 6 of recording layer 2 is dis-

solved in protective layer. As a result, as shown in



renmovied. And we have found that the adhesion of the protective layer is not
suffijcient, and when the nediumis allowed to stand under high tenperature
and High hu- mdity conditions for a long period of tine, the. peeling
strerjgth at the inner peripheral portion is poor so that peeling occurs at
the iinner peripheral portion. - Al'ternatively, a recording |ayer at the

I nner periph- eral portion can be rénbbed as shown in Japanese Pat- ent
Application Laid-Open No. Hei 2- 236833. That is, a reflective |ayer is
formed on a recording layer in such a way that the recording | ayer '
prot.rudes fromthe inner

Fig. 4, both recording layer 2 and reflective layer 5

are completely covered with protective layer 7. The side
wall 1' of-substrate 1 may be covered with an overflowiné
protective iayer 7.

5 FIG. 5 is a perspective Qiew of an embodiment of
the optical recording medium of.the present invéntion
where 1 denotes the substrate, 2 the recordingllayer, 3
the dent formed by stamper fixing jig, S Ehe reflective
layer.and 7 the protective laver.

10 .As a t;ansparent resin substrate used in the present
invention, such substrate capable of transmitting sub-
stantially_a semiconductor laser beam is p;eferable.
Preferable transmittance of thé laser beam is 85 % or
higher. Further, it is preferable that optical anisotropy

15 of the substrate is small.

Examplary suitable substrates inclﬁde thermoplastié
resin substrates composed of acrylic resins, polycarbonate
resins, polyamide resins, polyvinyl chloriﬂe, polyolefin
resins or the like.

20 | Among these résin éubstrates, from the standpoints
of meghénical strength of substrate, easy form&tion of
grooves and pits, injection molded resin substrates made
of acrylic resins, poiycarbonate resins, or pol;olef;n
resins aréfpreferably, and polycarbonate resin substrates

25 are most preferable.
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an he outer edges of the reflective rayer and the re- cording | ayer
profuding the inner and outer edges of the reflective layer is_washed away
withg a sol vent. - We.have found that, according to this met hod, . when t he
reflective |ayer is washed with a solvent 't is dam’ aged and thereby, 't he
reflective layer is peeled off and. noi se of the resulti-ng medi um i ncreases,
becaluse the reflective layer is a very2thin nmetal film This nethod is
al sol i ncluding a conplicated sol vent washing step and further, the .
productivity is poor.

The shape of the substraté'may be in the form of
plate or film, or circle (disc) or card. For example,
in case of a circle, it may have a center hole.

The surface of the substrate is provided with grooves
5 for controlling the recording position. The surface

may have partly some pits.

Such grooves and/or pits are preferably formed when
thé subétrate is fabricated by injection molding or cast
molding. For forming grooves and pits when the substrate

10 is moled, a stamper having grooves and pits is mounted
in the mold for a moldiné machine and the grooves and/or

pits are transferred to the substrate.

According to the present invention, the optical re-
cording medium comprises a transparent resin substrate,

15 and a recording layer contain;hg a dye, a reflective
‘layer and a protective layer subsequently superposed on
the substrate.

The dyes used in the recording lgyer containing a
dye may be dyes having absorption in the wavelength region

20 of oscillaéion of semiconductor laser such .as polymethine
dye, pﬁthalocyanine dye, naphthalocyanine dye, naphtho-
quinone dye, azulene dye, dithiol metal complex dye and

the like. .

‘J

These dyes may have various substituents so as to

25 control the solubility of the dye in a solvent to a de-
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- 4- ﬁ The present invéntors have“ﬁﬁfrﬁﬁg|y researched so as to develop a

met hodffor producing easily and at ) .

- 13 -

sirable range or impart desirable reeording characteris-
‘tiCS- The dyes may be used alone or in combination.

Among the dyes, phthalocyanine'dye and naphthalo-l

cyanine dye are preferable from the standpoint of dura-
5 bility.

Among them, alkoxy substituted phthalocyanine,
alkylthio substituted phthalocyanine and halogehated
phthalocyanine derived fro@ these substiﬁuted phthalo-
cyanines are exemplified.

10 More particular substituted phthaiocyanine dyes as
described in the above-mentioned EP-0337209 and EP-

0373643 are preferable.

According to the present invention, the recording
layer containing a dye can be usually formed by a coat-
15 ing method. Among the coating methods, a spin-coating
‘method is p:efefahle..
When the ebove-mentioned dye is formed into a layer
by a coating method, the dye may be dissolved in a sol-
vent not adversely affecting the substrate. .
20 Such solveﬁts substaﬁtially incaéable of dissolving the.
resin fbr.substrate are, for example, aliphatic or ali-
_ cyciic hydrocarbons such as hexane, heptane,.octéne,
decane, cyclohexane, and the like; a

ether type ﬁon-polar solvents such as diethyl ether,

25 dibutyl ether, diisopropyl ether and the like; and
. G .

S
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“a high productivity an optical -f-em
such tlhat the adhesion of a protective lay- er to a reflective layer is
_excel lfent and no peeling occurs at the inner peripheral portion and the
“out er |peripheral portion when subjected to a-tape peeling test after the
medi umis stood under high tenperature nd high hu- midity conditions for a
| ong period of tine. The present ﬁgentors have noticed an inportant
fact that the remaining stress at the protective layer etc. is different
depending on the positions of the layer, that is, the inner peripheral
portion and the outer peripheral - :

alcoholic solvents such as methyl alcchol, ethyl alcohol,

isopropyl alcohol, allyl alcohol, methyl cellosolve, and

the like.

The tesulting dye solution may be applied, by a
5 spin~coating, to the whole surface of the substrate out-
side of the dent at the inner peripheral portion formed
by a stamper fixing.jig, for e#ample, in the case of an
injection molded resin substrate. ' |
Then, according to the present invention, the reéord-
10 - ing layer at the outermoét peripheral portion of the sub-
strate is removed with a solvent so as to form an exposed
substrate portion at the outermost peripheral portion.
The removing method may be a method  of dropping a
solvent onto a poftion of the recording léyer to be remov-
15 ed in the vicinity of the outermost periphéral portion
'whzle rotatlng the substrate. The solvent used there is
preferably a solvent capable of dlssolv1ng 3 % by weight
or more of the dye. . .
| Exemplary ;uitable solvents for removing the record-
20 | ing layer'inélude:
the above—mentioned solvents useq for coating the dye;
halqgen containing solvents such as
carbon tetrachloride, ' o
chloroform,

25 methylchloroform,
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‘portidqn, and”fﬁgu?ﬁnﬁrﬁFﬁb°%tress at the inner periphéral portion is nuch
smal | ¢r than that at the outer peripheral portion. The present inventors
have found that the above-nentioned di sadvantages can be sol ved by (1)
formipg a reflective |layer extending over thée recording |ayer and further
form ng a protective |layer extending over the reflective |ayer at the outer
peripheral portion of the substrate-andd® (2) fornming a protective |ayer ex-
tendi hg over both the recording |layer and the reflective |ayer at the inner
peri pheral portion, that is, it is not nec- essary that the reflective
| ayer extends over the record- : :
1,1,2~-trichloroethane,
trichlene,
dichloromethane,
and the like;
5 hydrocarbon solvents such as
benzene,
toluene,
xylene,
and the like;
10 ketone type solvents such as
cyclohexanone,
methyl ethyl ketone,
methyl'isobutyl ketone,
and the like;
15 alcoholic solvents such as
butyl cellosolve,
ethyl cellosolve,
and the iike; and
ester type solvents such as
20 putyl acetate,
amyl'acétate,
.cellosolve acetate
and the like. |

The éolvents_may be used alone or in combination.

25 When a recording layer containing a dye is prepared,
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~ing+“t-ggrer at the inner peripheral portion as shown in FIG 3. SUWARY OF
THE IW@ENTICN An object of the present invention is to provide a
bprocesjs for producing an optical recording nmediumex- hibiting an
excel llent adhesion strength of the protective |ayer even when stood under
high Humdity and high tenperature ggnditions for a long perlod of tine.
According to the present invention, there is prOV|d-

in addition to the above-mentionéd dve, there may be used
resins such as nitrocellulose, ethylcellulose, acrylic
resins, po{fstyrene resiﬁs, ufethane resins and the like;
leveling agents, deforming agents and the like in an amognt

5 which does not adversely affect the.effect of the present
invention, for example, about 20 % or less, preferably
about 10 % or less.

Then, accordihg to thelpresent invenﬁion, a reflec-
tive layer is provided on_the recordiné layer.

10 As the reflective layer on the fecording.layer, in
usual, a metal thin film is preferably used.

Taking the playability of the medium of the preseht
inventién by commercialiy available CD players into con-
sideration, the reflectivity of the medium is preferably

15 60 % or more. As preferable metals,_there may be mentioned
aluminum, gold, silver, copper,.platinum, nickel and the
‘like and alloys containing the metals as mentioned above
as a component or components. The refleétive layer made
of the ﬁetal may be fqrﬁed by vapor deposition, sputtering

10 and the llke. ' In usual, the thickness of'feflective layer

is preferably 500 - 2000 A.

When the substrate is a circle, the reflective layer
is formed such that at the inner peripheral portion the
recording layer protrudes in an annular form under the

reflective layer, and at the outer peripheral portion the

e
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claim 1.
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reflective ‘layer extende o&er the recording layer, but
the exposed portion of the substrate remains at the outer-
most peripheral portion of the substrate.

In order to protect the metal reflective layer, a
pfotective layer is formed on the reflective layer. As
the protective layer, liquid resins are used. eIn parti-
cular, frem the standpoint of productivity, liquid resins
curable by ultraviolet-ray irradiation afe preferable.
The thickness of the protective layer is preferably about
1 - 15 pm.

The protective layer may be prepared by coating with
a liquid resin the area ranging from the region where the
recording layer is pro?ided or from the reéion which is
inside of the inner pefipheral portion of the recording
layer where the recordlng layer is not prov1ded, to the
outermost peripheral portlon of the substrate (a portion
where the substrate is exposed) over the outer periphery
of the reflective layer, and then the coated resin is
cured. The side wall 1' (in FIG. 4) of the substrate may
be covered with an overflewing protective layer 7 (in
FIG. 4). |

For eiample, when a liquid resin Capable of dissolv-
ing the recording layer is coated on the substrete having
a dent fermed by-a stamper fixing jig by a_spin-coating

method, the liquid resin is dropped onto the outside of
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* BRI EF DESCRI PTI ON OF THE o . schematically -a cross

sectigon of a structure conposed of a substrate and a recording
| ay at a step of. producing an enbodi nent of the optical recording
+ medijum of the present invention; FIG "2 shows: schenatlcally a Cross
sectjon of a structure at a step follomnng FIG 1 mhere the outer-
nost} peri pheral portlon of the recordlgg | ayer is re-
_ - 18 -

said dent and then the substrate is rotated to coat the
whole surface, and the coated liquid resin is cured.

As & result of the above-mentioned coating procedure,

at the innermost peripheral portion the most portion of
5 the recording layer protruding from the reflective layer
| is dissolved away by the ligquid resin and the protective
layer is formed extending over both-thé recording layer
and the reflective layer. |
On the other hand, with respect to the outer pgri—_
10 phery, there is provided an exbosed substrate portion at
the outermost peripheral portion and thereby a protegtive
. layer éan be formed exténding over the recording layer and

the reflective layer.

Therefore, it is'preferable that the liquid resin
15 'used_for fprming thg protective layer is of the kind cap-
able of dissolving 0.5 i by weight or more of the record-
ing layer; and more preferably, of the kind capable of
dissolving 1 8 by weight or more of the recording layer.
Further, from the standpoint  of the adhesion between
:20 the prpgective lafer and the substrate, it is preferable
that the liquid resin used is of'the kind capable of dis-
solving at least 0.5 % by weight, more preféragly at least
1 % by weight of the substrate resin.
! According to the present invention, the most part of
the recording layer pfotruding from the inner periphery
R
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nove

FIG 3 shows schematically a cross section of a structure at
a step followng FIG 2 where a reflec- tive layer is forned on the
recorfing layer; FIG 4 shows schematically a cross section of an
enbody ment of the optical recording nedium pro- duced by a process of
t he pkesent invention; and FIG 5 a partially cross-sectional
diagrbnnatlcal perspective V|em/|II§strating an enbodi nent of the
structure of the optical recording medi um produced by a process of the
pr esent

i nvention correspondi ng
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of the reflectlve layer can be dlssolved away with the
llquld resin. It is not always necessary to completely
dissolve away the protruding recording layer. In this .
invention, the liquid resin being capable of dissolving.
both the substrate resin and the recording layer, the

liquid resin penetrates through the remaining recording

-layer to the surface of the substrate, and the substrate

is'also dissolved with the liquid resinland thereby, fhe
resin.ahd the substrate are mixed with each other so that
the adhesion between the protective layer and the substrate
is improved.

The optical recording medium of the pfesent inven-
tion is irradiate& with a laser beam through the substrate
to record or read out signals. The wavelength of the
laser beam used is, in.usual, preferably 640 - 850 nm,'

and a semiconductor laser having an oscillatory wavelength

of such range as above is preferable.

For recording, the laser output is made about 5 - 12 mW
on the iecording layer while rotating the medium, and for
readout, the laser output is made about 1/10 times that
for recording. | |

Printing may be made oﬁ the protective layer of the
optical recording medium of the presént invention.

The following examples illustrate the present inven-

tion, but it is to be understood that they are given for

il




to FICY4. DESCRI PTI ON OF THE PREFERRED EMBODI VENTS A process for
producifig an optical recording nedi- umaccording to the present i-nvention
may be garried out as shown bel ow. Referring to FIG 1, a recording

| ayer 2f{is fornmed on a substrate 1 outside of a- dent 3 formed. by a st anper

fixing |ig. - 20

the purpose of illustration and not limitation.
The dyes used in the following examples were prepared

according to EP-0337209 or EP-0373643.

5 Example 1 .
A 3.5 weight % solution of a brominated (average

3.0 bromine étoms per molecule) Pd-tetra-(t-butyl-cyclo-

hexyloxy) phthalocyanlne dye in octane was dropped onto

an outside portion of a dent formed by stamper fixing
10 jig on the surface of an injection molded polycarbonate
resin substrate (1.2 mm thick, 120 mm in outer diameter
and 15 mm in inner diameter) having'a spiral groove (140
nm in depth, 0.5 ym in width, 1.6 um in pitch) and then
the resin_substrate was rotated at 1500 rpm for 10 sec.
15 to form a recording layer.

Further, the substrate was rotated and then while
rotating the substrate, octane was dropped onto the re-
cording layer of the outermost peripheral portion of'the
substrate to remove the recording layer at the outermost

20 'peripheral portion. Then the substrate having the record-
ing layer was dried at 40°C for 10 min. 1In such a way,
there was forméd a recording layer substantially composed
of the phthalocyaniné dye which ranged from an dutside
portion of said dent (as to the inner peripheral porrion)

25 to a portion which was by about 1.5 mm inside from the
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'Then, S shdﬁh-ihﬂFlG. 2, the recording layer 2 in the vicinity of t he
out ernyst peripheral portion 4 of sub- strate 1 is renoved.

L]
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outermcs: periphery of the substrate (as to the outer
peripherzl portion).

On the recording layer taus formed was formed = golé
thin layer of 80 nm thick as a reflective layer by sput-
tering. The outer peripheral porticn of the reflective
layer extended over the ouier periphery of the recording
layer, but no reflective layer was formed at the arnular
region at the outer peripheral portion of about 1 mm wi&e.

The reflective layer was formed at an innermost peri-
pheral pertion such thaf the recording layer protruded
about 1 mm in width. |

An ultraviolet ray-curable resin (SD-17, trade ﬁamé}
supplied by Dainihon Ink Co., about 35 cps) was coated
at the whole region outside of the dent by spin-coating.

Then, the whole surface of the coated resin was ir-
radiated with ultraviolet ray (400 mJ).and cured to fo?m
a protecﬁive layer. The thickness of the resulting protec-
tive layer was about 7 um.

When the ultraviolet ray-curable resin was coated,
the poftion of the recording layer protruding from the

innermost reflective layer was brought into contact with

and dissoclved in the ultraviolet ray-curable resin, and
thereby an ultraviolet ray-curable resin in which a.
minute amount of the dye constituting the recording laver

was disscived was coated on the reflective layer, a=d
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that tfe reflective |ayer 5 extends over the outer periphery of récording
Jayer 2, but does not reach the outer periphéry.of substrate 1 and .
therefore, some outer peripheral portion 4' theteof is still exposed, and
the reflective layer 5 does not reach thesi nner periphery of recording

| ayer 2, that is, recording layer 2 protrudes inward exceedi-ng the inner
peri phery of the reflective

- R e Tae ——— -
- 6- g Further, as shown in FIG 3, a reflective layer 5 is fornmed such

the protective layer was formed extending over the re-
cording layer and the reflective léyar.
Further, at the outermos: peripherai portion thel
protective layer was formed extending over both the ré-
5 cgrding layer and the reflective layer.
When the inner peripheral portion and the outer

peripheral portion of the medium thus produced were ob-

served from the substrate side and the protective layer
side. by means of a microscope, at the outer peripheral
10 portion the reflective layer exﬁended over the recording
. layer by about 0.5 mm and the protective lafer extended
over the feflective layef by about 1 mm, and thereby the
protective layer was formed up to the outermost periphery
'of the substrate as shown in FIG. 4.

15 On the other hand, it was observed that at the inner

peripheral portion the reflective layer and the recording

% _ layer were formed such that their inner ends were at
about the same position and the protective layer were
formed exténding over both the recording layer and the

20 reflective layer by about 1 mm. as shown.in FIG. 4.

In Qrder'to evaluate the adhesion of the protective
layer of the medium thus prepared,.tape peeling tests
with an adhesive tape were conducted. No peeling of the.

 protective layer was abserved. .

25 For durability tests, the medium was allowed to stand

—’——’——_—_'__—’_—_’_.——-_
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| ayer 5y as indicated .by reference nuneral 6. Furthernore, a liquid
resin fpr protective layer is coated to cover both outernost peripheral
portionj of substrate 1 and the whole reflective layer, fromthe inner

peri phefral portion 6 of recording |layer 2 not covered with reflective |ayer
5 to the outer peripheral edge of sub--st¥ate 1. The portion 6 of recording
| ayer 2 is dissolved in protective layer. As a result, as shown in Fig. 4,
bot h rdcording | ayer 2 and reflective layer 5 are conpletely covered with

protective layer 7. The side wall 1' of sub- strate 1 may be covered with
an overfl owi ng protective '

for 2000 hours at 80°C and 90 % RH, and then peeling Zasis
were conducted. No peeling of the protec:ive layer was

observed.

Further, solubility of the dye and that of the su:z-

strate resin in the uncured ultraviolet rav-curable rssin

were measured. Each of them was dissolved in the ulir-a-

violet ray-curable resin in an amount of 1 $ by weigh=

Oor more.

10 Comparative Example 1

The procedure of Example 1 was repeatsd except that
a 3.5 weight % solution of a brominated (average 3.0.
bromine atoms per molecule) Pd—ﬁetra—(4-methyl-pentan-2-
oxy)'phthaLocyanine dfe in octane was used in place c¢f

15 the dye in Example 1, and a medium was produced.

The dye used in this medium was hardly soluble in the
‘ultraviolet réy-curable resin and the recording layer at
'the innermost peripheral portion could not be removed, but
remained such.that the portion protruded from the inner

20 periphery of the reflective layef. Theréfore, at ﬁhe in-

nermost'peripheral portion the ﬁrotectivé layer could not
be formed extending ovér the recording layef.

Tape peeling tests were conducted accordiﬁg to .Example

1. The protective layer was not peeled off at all, zut

25 after the humidity and heat resistance tes:, the outermost

—_
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| ayer 7.
recordin

refl ecti
substrat
transmt

e T R R

FIG 5 is a perspective view of an enbodi nent of the optical

medi um of the present invention where 1 denotes the substrate,

the recofding layer, 3 the dent forned by stanmper fixing jig, 5 the

e layer and 7 the protective |ayer. As a transparent resin
used in the present inventian,agsuch substrate capabl e of

I ng sub- stantially a sem conductor |aser beamis preferable.

Preferabl e transnmittance of the laser beamis 85 %or higher. Further, it

is preferable that optical anisotropy of '
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peripheral portion did not peel, but the innermcst geri-

pheral portion peeled.

Comparative Example 2

The procedure of Example 1 was repeated up o the
formation of a reflectiQe layer. After the r-;l::tive
layer was formed, octane was dropped onto the irrner
peripheral portion while rotating the substrate so as to
remove the recording layer at the inner peripherxzl por-
tion.

The recording layer protruding at the inner periph-
eral portioh was removed, but wrinkles formed at the
reflective layer. The wrinkles appeared to be att;ibu—
table to peeling of the-refleétive-layer..

This indicates that it is difficult to remcve Ehe re-

cording layer protruding from the reflective layer with a

solvent.

Example 2

The-procedure of Example 1 was repeated except that
a.3.2 wt; % solution of a brbmiﬁéted (average 3.5 bromine
atoms per molecule).Pd-tetra-(2;4—dimethylpénta:-3—oxyf
phtﬁalocyanine dye was used in plaée of the dy; in Exampl
1, and a medium was produced.

The adhesion of the protective layer was evaluated.
/ '
eet Has Been Reﬁaced
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the su rate is small. Exanpl ary suitable substrates include
t hernopfas- tic resin substrates conposed of. acrylic resins, polycar-
bonate fesins, polyam de resins, polyvinyl chloride, polyolefinresins or-
the Iikg : : .

14

- 25 -

No peeling was observed both before and after the dura-
bility test.
This dye was dissolved in the ultraviolet ray-curgble
resin in an amount of 1 % by weight or more..
5
10
15
20
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-7- ‘ Anonig—these resin substrates, fromthe standpoints of r_rééhani cal .

st reng

th of Sdet 19 BeenS@Sikced OF Mt i ON of grooves and pits, i-njection nolded
substra rylic resins, polycarbonate resins, or polyole- -
fin rgsins ar mngﬁﬁwlﬁgiﬂand pol ycarbonate resin sub- strates are nost
pref er

r-esin

film

U

abl e. f the stbstrate may be in the far f plate or
or circle (disc) or card. For exanple, in case M/3@§%'3

WHAT IS CLAIMED IS:

1. An optical recording medium comprising a trans-
parent resin substrate, |
a recording layer overlying the substrate,
a metal reflective layer overlying the'recording layérr
and |
a protective layer overlying the metal reflective layer,
which comprises:

the substrate having no recording layer at the inner peri-

10 pheral portion and at the outer peripheral portion, the

recording iéyer containing a dye being provided at a region
of the substrate other than the above-mentiohed no-recorgd-
ing-layer portions,

_the metal reflective layer being provided on the record-

15 ing layer such that the inner peripheral portion of the

metal reflective layer substantially consists with that
of the recording layer and the outer peripheral portion

of the metal reflective layer extends over that of'the

recording layer, and

20 the inner peripheral portion and the outer peripheral

portion of the protective layer extending over those of
the reflective layer, respectively.

2. A process. for producing an optical recording’

25 medium comprising a transparent resin substrate, a record-

. ® c L M H *



of a cgrcle, it may have a center hole. The surface of the substrate is
provi déd wi th grooves for controlling the Tecdrding posi-t-on—Fhesurface—
pay have partly sone pits. Such grooves aad/or pits are referam
f or medjwhen the substrate is fabricated by injeection noldf e'“”d
nmol di ng. For form ng grooves and pi-t27waen the substrate i I
stanper having grooves and pits is nmounted in the nold for

machi ne and the grooves and/or pits are transferred to the substrate.
According to the present invention, the optical re-

ing layer overlying the substrate, a metal reflective
layer overlying the recording layer, and a protective
layer overlying the metal reflective layer, which com-

prises:

(WY

forming a recording layer containing a dye by spin-coat-

ing on the substrate; “

removing the recording layer in the vicinity of the outer-

most peripheral portion of the substrate to form a por-

tion at the inside of the outermost periphery of the sub-

10 strate where the surface of the substrate is exposed;

| -férming thé metal reflective layer on the recording layerxr
such thatrthe recording layer protrudes at the inner
peripherél portion of the metal reflective layer thle
the metal reflective layer extends over the recording

15 layér at the outer peripheral portion and a region

having no reflective31ayér is provided at the outermost -

periﬁheral_portion of the substrate;

coating a liquid resin capablg of dissolving the record-

ing layer at least from the protruding region of the re-
20 cording layer to the outermost peripheral éortion of the

substrate;

thereby removing the recording layer extending over the

inner peripheral portion of the reflective layer’' by dis-

solution;

25 curing the liquid resin; and

[
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cordi medi um conpri ses a transparent resin sub- strate, and a recording

| ayer gontaining a dye, a reflec- tive |ayer aﬁd—a‘pTGTEETTVE——ayer

. Subseqtient |y super- posed on the substrate. h 1hdda t he
recordf{ng layer containing a dye nay be dyes haJ% S l%éBgﬁ%g |n t he
wavel ength region of oscillation of sem&onduct or polynethine
dye, phthal ocyani ne dye, naphthal ocya- nine dye, dye,
azui ene dye, dithiol met- al conplex dye and the like. These dyes may

have vari ous substituents so as to
thereby forming on the metal reflective layer the prctec-
tive layer extending over the reflective layer both at

the inner and the outer peripheral portions.

5 3. The process according to claim 2 in which the
liquid resin used for the protective layer is an ultrza-

violet ray-curable resin.

4. The process according to claim 3 in which the

10 liquid resin is coated by spin-coating.

S. The process according to claim 3 in which, tefore
forming the reflective layer, a solvent is dropped ont

the outermost pgripheral portion of the substrat° whil

cr

15 rotating the substrate to remove the recording layer a
the outermost peripheral portion, and thereby an exposed
portion of the substrate is formed at the outermest peri-
pheral portion in the annular form.

20 6. The process according to claim 5 in which the
ultraviolet ray-curable liquid r&sin used for the protec-
tive layer is of the kind capable of dissolving 0.5 % by
weight or more of the recording layer.

25 7. The process according to claim 6 in which the

 ——
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contr the solubility of the dye in a solvent to a desirabl e range or

| mpar t ‘desirabl e recordi ng characteristics. The dyes nmay be used al one or
i N confpi nati on. Anong t he dyes, phthalocyani ne dye and naph-

t hal oclyani ne dye are preferable fromthe standpoint of durability.

- 29 -

ultraviolet ray-curable liquid resin used for the protec-

tive layer is cf the kind capable of dissclving 1 % by

5 weight or more of the recording layer.

5 _ 8. The process according to claim 7 in which the

substrate is composed of polycarbonate resins and injec-

tion-molded.

9. The medium according to claim 1 in which the
10 - substrate is composed of polycarbonate resin and injection-

molded.
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¥ Anpong them al koxy substituted pht hal ocyani ne, al kylthio

substi tfqut ed pht hal ocyani ne and halogenated phthalocyanlne derived from

ubstituted phthal o- cyani nes are exenpllfled More parti-cul ar

substi tjut ed pht hal ocyani ne dyes as

10

15

2
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M/3653.3

ABSTRACT OF THE DISCLCSURE

An optical recording medium comprises a substrate,
a recording layer overlying the sukbstrate such‘that the
recording layér is not present at the inner and outer |
peripheral portions of the substrate, a metgl reflective
layer dverlying the recording layer such that .the inner
periphery of the metal reflective layver consists with
that of the recording'layer while the outer peripheral
portion of the reflective layer extends over the'outer
perphery of tﬁé recording layer, and a protective layer
wholly covering the metal reflective layer extending over
the recording layer both at the inner and outer peripheral
portions. The optiqal recording medium exhibits an ex-
cellent aéhesibn strength of the protective layer even when
stood under high humidity and high temperature conditions
for a long period of time, and the protective 1ayer is.- not

peeled off wheh subjected to a tape peeling test.

 ————————
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des bed in the a 37209 and EP- 0373643 are preferable.
According to the present invention,. the recording layer containi-ng a dye_
can be usually formed by a coat- ing nethed,--Anmong:t he. coatlng nethods -a
spi n-coating nethod is preferable. When tche abbvé- nentioned dye |s'
formed into a |layer by a coating net hpg%_t_he 'dye nay be dissélved in a

sol vent not adversely affecting the su rate. Such solvents substantially
i ncapabl e of dissolving the resin for substrate are, for exanple, aliphatic
or alicyclic
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hydr ocar bons such as hexane, heptane, octane, de- cane, cycl ohexane, and
the |ike; ether type non-polar solvents such-as di-ethyl ether, 2dib- utyl .~
et her, diisopropyl ether and the |ike; and -ak cohol-i c; -sol vent s: such .as.

net hyl al cohol, ethyl al cohol, isopropyl alcehol, aI1yI al cohol , . met hyl. -

cell osolve, and the Ilike. The resulting dye solutlon may be applled by
a spin-coating, to the whole surface of Dgzgybstrate out- side of the.dent
at the inner peripheral portion forned'd% stanper fixing jig, for
exanple, in the case of an injection nolded resin substrate.

FIG. 5

-
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Then, according to the present invention, the re cording |ayer at®fd=’

agut er nost .peri pheral

portion of the substrate is renoved with a solvent so

asrto—ferm-an-exposed substrate portion at (thesmyf-erapst—peri-pheral
pofts OREPLACED SHEETS 86— 1" “REBLACEMENT SHEETS  SG
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B Claim(s)

TITLE QF THE INVENTION

OPTICAL RECORDING MEDIUM AND

PRODUCTION THEREOF

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 of a single plate type comprising a recording
layer composed of a dye, having a hiéh reflectivity, cap-
able of recording a large volume of information and a pro-

‘cess for producing the medium.

Description of the Related Art
' Writable optical recording mediums of a single plate

type playable by a commercially available compact disc

(hereinafter called "cp") which comprises a recording

layer composed of a dye, a metal,ref;ective layer over}y—“u-~
ing the recording layer for enhancing refleétf?fffﬁéﬁd a
protective layer overlying the reflective layer are pro-

posed, for example, in Optical Data Storage 1389 Technical
Digesﬁ Series Vol. 1, 45 (1989), and EP-353393.

In these-optical_%gcordigg mediums, a protective layer
is provided on é-refleéi;;: ﬁ;yéf in éfdé; ép protect a

recording layer and th; reflective léyer. As the protec-

tive laye;,_a hard rééin, so-called "hard coat", is

This is the replacement sheet
- g NV 095
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-9- The renoving nethod may be a nmethod of dropping a solvent onto a
portion of the recording |ayer to be re- noved in the vicinity of the

out ernost peri pheral portion while rotating the substrate. The sol vent used
there is preferably a solvent capable of dissolving 3 % by weight or nore
of the dye. Exenpl ary suitabl e-s@l vents for renoving the re- cording

| ayer i ncl ude: '

usually used so as to prevent the damage of the record-
ing layer and the reflective layer.

Further, additional functions of the protective layer
are the prevention of peeling of the recording layer and
the reflective layer, inhibition of oxidative deteriora-
tion of the recording layer and the reflective layer,
and thereby serving to improve the durability.

Therefore, the adhesion between the protective layer and
the reflective layer is required to be strong.

However, in the case of a meditm using a dye in a
‘recording layer, the recording layer is usually formed
bf spin-coating. An optical disc substrate has a groove,
and when a.recording iayer is formed by spin-coating, the
recording layer is formed on the whole surface of the
substrate ranging from the further inside of the groove
at the inner perlpheral portion of the substrate to the’
outermost edge of the substrate.

Taktng into consideration the adhesion between the
protective layer and the reflective layer, it is demanded
to remove the recording layer at the inner peripheral and
outer peéeripheral portlons of the substrate and form a
protective layer extending over the peripheries of the
recording layer and the reflective layer .as proposed by
Japanese Patent Application Laid-Open“Noe.fHei 2 - 183442

and 2 - 236833.
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the°above-nentioned solvents used for coating the dye; hal ogen

eontai ni ng sol vents such as carbon tetrachl oride, chl orof orm

met hyl chl or of or m 1, 1,2-trichloroethane, trichl ene,

di chl or onet hane, and the liKke; hydr ocar bon sol vents such as
-3 -

In order to form the protective layer extending cver
both the recording layer and the reflective layer as
shown, for example, in FIG. 4, it is necessary to provide
a portion Qhere the substrate is exposed at each of the
inside of the innermost periphery and the oufside of the
outermost periphery (outermost edge) of the recording
layer.

For the purpose of fofming such a structure, hereto-
fore, the recording layer formed at each of the outer
and the inner peripheral portions has been'rémoved. For
example, the recording la}er at the outer peripheral
portion of ﬁhe substrate can be easily rémofed by dropp-

'~ ing a solvent to the peripheral portion while rotating
the substrate.

On the contrary, the recording layer at the inner
peripheral portion can not be removed by the.same method

as that used for removing the recording layer at the

outer peripheral portion, but is removed only by, for
example, wiping the recofding layer away with a solvent
or burning the recording layer with laser as disclosed
in Japanese Patent Application Laid-Open No. Hei 2 -
183442, |

However, according to the present inventors' investi-
gation, those methods are complicated and of less produc-

tivity, and the recording layer can not be_complétely

Sheet Has Been Replaced This is the replacement sheet
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benzene, t ol uene, xyl ene, and the |iKke; ket one type
sol vents such as cycl ohexanone, net hyl et hyl ket one, nmet hyl

i sobutyl ket one, and the like; al coholi ¢ sol vents such as but yl
cel |l osol ve, :

removed. . And we have found that the adhesion of the
protective layer is not sufficient, and when the medium
is allowed to stand under high temperature and high
humidity conditions for a long period of time, the peel-
ing strength at the inner peripheral portion is poor so
that peeling occurs at the inner peripheral pértion.

Alternatively, a recording layer at - the inner peri-
pheral portion can be removed as shown in Japanese Patent
Application Latd-Open No. Hei 2- 236833. That is, a
reflective laye; is formed on a recording layer in such
a way thaf the recording layer protrudes from the inner
and the outer edges of the reflective layer and the re-
cording layer protruding the inner and outer edges of the
‘reflective layer is washed away with a solvent.

We have found that, according to this'method, when
the reflective layer is washed with a solvent, it is '
damaged and thereby, the reflective layer is peeled off
and noise of the resulting medium increases, because the
reflective layer is a very thin metal film.

This method is also including a complicated solvent
washihg-séeé and further, the productivity is poor.

The present inventors have variously researched so
as to develop a method for producing easily and at.a high -
productivity an optical rec&rding medium of a single plate

type such that the adhesion of a protective layer to a

This Sheet Has Been R This is the repiacement sheet
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et hyl cell osol ve, and the |ike; and ester type solvents such as
butyl acetate, ~anyl acetate, cel l osol ve acetate

reflective layer is excellent and no peeling occurs at
the inner peripheral portion and the outer peripheral
portion when subjected to a tape peeling test after the
medium is stood under high temperature and hlgh humidity
conditions for a long period of time.

Thé present inventors have noticed an important fact
that the remaining stress at the protectlve layer etc. 'is
different depending on the positions of the layer, tha;
is, the inner peripheral portion and the outer peripheral
portion, and the remaining stréss at the inner peripheral
-pdrtion is much smaller than that at the outer periphgral
portion. The present inventors have found that the above-
mentioned disadvantages can be solved by (1) forming a
reflective layer extending over the recording layer and
further forming a protective layer extending over the
reflective layer at the outer peripheral portion of the
substrate and (2) forming a protective layer extending
over both the recording layer and the reflective layer
at the inner peripheral portion, that is, ‘it is not neces-

" sary that the reflective layer extends over the recording

layer at the inner peripheral portion as shown in FIG. 3.

This Sheet Has Been Re This is the replacement sheet
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- 10 - The sol vents may be used al one or in conbination. When a
recording | ayer containing a dye is pre- pared, in addition to the
above-nentioned dye, there nmay be used resins such as nitrocell ul ose,
ethylcellu- |ose, acrylic resins, polystyrene resins, urethane resins and
the like, leveling agents, deforning_agents and the

SUMMARY QOF THE INVENTIGN

An object of the present invention is to provice
an optica%.recording medium exhibiting an excellent ad-
hesion strength of the protective layer even when stood
under high humidity and high temperature conditions for a
long period of time.

According to one aspect of the present invention,
there is provided an optical recording medium comprising
a transparent resin substrate, a recording layer overly-
ing the substrate,

a metal reflective layer overlying the recording layer,
and

a protective layer overlying the metal reflective layer
which comprises

.the substr#te having no recording layer at the inner peri—'
pheral portion (e.g. 6' in FIG. 4) and at the outer
peripheral portion (e.g; 4 in FIG._4), the recording
layer containing a dye being provided at a region of the
substrate other than the bove-mentioned non-recording-
layer-portions,

the metal reflective layer being.provided on the record-
ing layer such that the inner peripheral portion of the
metal reflective layer.substantially consists with that
of the recording layer and the outer peripheral poréion

of the metal reflective layer extends over that of the

This is the
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like in an amount which does not adversely affect the effect of the present

L.nvention, for exanple, about 20 %or |ess, preferably 10 % or Iess
Then, according to the present invention, a reflec- tive layer is prOV|
on the recording |ayer. As the reflective | ayer on théhsaea&ds

in usu- al, a netal thin filmis preferably used. Tak

pl ayability of the nedium of the present invention by co ”
avai l abl e CD players into con5|derat|09 the reflectivity o

prefera- bly 60 %or nore. As preferablle netals, there may be

recording layer to become preferably an annular fcrm, and
the inner peripheral portion and the outer peripheral
portion Of:the protective layer extending over those of
the reflective layer, respectively.

According to another aspect of the present invent:ion,
there is provided a process for producing an optical re-
cording medium comprising a transparent :esin substrate,
a2 recording layer overlying the substrate, a metal reflec-
tive layer:overlying the recoraing layer, and a protective
layer overlying.the metal reflective layer,.which comprises:
forming a recording layer containing a dye by spin-coating
on the substrate; -
removing the recording layer in the viciﬁity of the outer-
most pe:ipheral portion of the substrate to form a por-
tion at the inside of the outermost periphéry of the sub-
strate where the surface pf.the substrate is exposed;
forming the metal reflective layer on the recording layer
such that ﬁhe recording layer protrudes preferably in the
annular form at the inner peripheral portion of the metal
reflective layer while the metal reflective layer éxtends
over the recording layer at the outer peripheral portion
and a preferabie annular region having no reflective layer
is provided at tﬁe outermost peripheral portion of the
sﬁbstrate;
coating a liquid resin capable of dissolving the recording

layer at least from the protruding region of the re-
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menti oned al um num gold, silver, copper, platinum nickel and the |ike and
all oys containing the netals as nenti oned above as a conponent or
conponents. The reflective |ayer made of the netal nay be formed by va- por
deposition, sputtering and the like. In usual, the thickness of reflective
| ayer is preferably 500 - 2000 A~ When the substrate is a circle, the
reflective layer is formed such that at8tne inner peri pheral portion the
recording |layer protrudes in an annular formunder the reflective |ayer,
and at the outer peripheral portion the reflective |ayer extends over the
recordi ng | ayer, but the

cording layer to the outermost peripheral portion of the
substrate, and thereby removing the recording layer ex-
tending qver the inner peripheral portion of the reflec-
tivellaye? by dissolution; |
curing the coated liquid resin and thereby forming on the
metal reflective layer the protedtive layer extending
over the reflective layer both at the inner and outer .

peripheral portions.
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expésed portion of the substrate remains at the outer- nost peripheral

portion of the substrate. In order to protect the netal reflective

| ayer, a pro- tective layer is formed on the reflective layer. As the pro-
tective layer, liquid resins are used. In particular, fromthe standpoint

of productivity, liquid resins curable by ultraviolet ray irradiation are

preferable. The thickness of the progective |layer is preferably about 1 -
15 [err]m '

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows schematically a cross section of a
structure composed of a substrate and a recording layer.

at a step of producing an embodiment of the optical record-

ing medium of the present invention;

FIG. 2 shows schematically a cross section of a
structure at a step following FIG.1 where the outermost
peripheral portion of the recording layer is removed;

FIG. 3 shows schematically a cross section of a
structure at a step foliowing FIG. 2 where a reflective
layer is formed on the recording léyer;

FIG. 4 shows schématically a cross section of an’
embodiment of the optical recording medium of the present
invention; and

FIG. 5 is a partially cross-sectional diagrammatical
perspective view illustrating an embodiment of the struc-

ture of the optical recording medium of the present in-

vention corfesponding to FIG. 4.
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The’proteptive | ayer may be prepared by coating with a liquid resin the
area ranging fromthe region where the recording layer is provided or from
the region which is inside of the inner peripheral portion of the recording

- 10 - This Sheet Has Been Rei
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

A process for producing an optical recording medium
according.to the present invention may be carried out as

shpwn below.

Referring to FIG. 1, a recording layer 2 is formed
on a substrate 1 outside of a dent -3 formed by a stamper
fixing jig.

Then, as shown in FIG. 2, the recoraing layer 2 in
the ﬁicinity of the outermost peripheral portion 4 of
substrate 1 is removed.

Further; as shown in FIG. 3, a reflective layer 5
is formed éuch that the reflective layer 5 extends err
the outer periphery of recording layer 2, but does not
reach the outer periphery of substrate 1 and therefore,
some outer peripheral portion 4' thereof is still exposed,
and the reflective layer 5 does not reach the inner peri-
phery.of recording layer 2, that is, recording layer 2
protrudes,;nward exceeding the inner periphery of the
reflective layer 5 as indicated by reference numeral 6.

Furthermore, a liquid resin for protective layer is
coated to cover both outermost peripheral portion of sub-
strate 1 and the whole reflective layer, from the inner
peripheral portion 6 of recording layer 2 not éovergd
with reflective layer 5 to the outer peripheral edge of
substrate 1. The portion 6 of recording layer 2 is dis-

solved in protective layer. As a result, as shown in
This is the replacement sheet
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| ayer where the recording layer is not provided, to the outernost
peri pheral portion of the substrate (a portion where the substrate is
exposed) over the outer periph- ery of the reflective |ayer, and then the
coated resin is cured. The side wall 1' (in FIG 4) of the substrate nmay be
covered with an overfl ow ng protectiv§1layer 7 (in FIG 4). For
exanpl e, when a liquid resin capabl e of dissolv- ing the recording |layer is
coated on the substrate having a dent fornmed by a stanmper fixing jig by a
spin-coating nethod, the liquid resin is dropped onto the outside of

Fig. 4, both recording layer 2 and reflective layer S

are completely covered with protective layer 7. The side

wall 1' of-substrate 1 may be covered with an overflowing

protective iayer 7.

FIG. 5 is a perspective view of an embodiment of
the optical recording medium of the present invention
where 1 denotes the substrate, 2 the recording layer, 3
the dent formed by stamper fixing jig, 5 Ehe reflective
1ayer.and 7 the protective layer.

.As a transparent resin substrate used in the present
invention, such substrate capable of transmitting sub-
stantially a semiconductor laser beam is p;eﬁerable.

. Preferable transmittance of the laser beam is 85 % or
higher. Further, it is preferable that optical anisotropy
of the substrate is émall.

Examplary suitable substrates include thermoplastié
resin substrates composed of acrylic resins, polycarbonate
resins, polyamide resins, polyvinyl chloride, polyolefin
resins or tﬁe like.

Among these resin substrates, from the standpoints
of mech;nical strength of substrate, easy formation of
grooves ané pits, injection molded resin substrates made
of acrylic resins, polycarbonate resips, or polfolefin
resins are preferably, and polycarbonate resin substrates

are most preferable.
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said dent and then the substrate is rotated to coat the whole surface, and
the coated liquid resin is cured. As a result of the above-nentioned
coating proce- dure, at the innernost peripheral portion the nost por-.
tion of the recording layer protruding fromthe reflective |ayer is

di ssolved away by the liquid resin and the pro- tective |layer is forned
extendi ng over both the recording l-ayer -and the reflective |ayer. On
the other hand, with respect to the outer periph- ery, there is provided an

exposed substrate portion at the outernost peripheral portion and thereby a
pr ot ec-

The shape of the substrate may be in the form of
plate or film, or circle (disc) or card. For example,
in case of a circle, it may have a center hole.

The surface of the substrate is provided with grooves
for controlling the recording position. The surface
may have partly some pits.

Such grooves and/or pits are preferably formed when
the substrate is fabricated by injection'molding or cast
molding. For forming grooves and pits when the substrate
is moled, a stamper having grooves and pits is mounted
in the mold for a moldiné machine and the grooves and/or

pits are transferred to the substrate.

According to the présent invention, the optical re-
cording medium comprises a transparent resin substrate,
and a recording layer containing a dye, a reflective
‘layer and a protective layer subsequently superposed on
the substrate.

The dyes used in the recording layer containing a
dye may be dyes having absorption in the wavelength region
of oscillafion of semiconductor laser such.as polymethine
dye, thhalocyanine dye, naphthalocyanine dye, naphtho-
quinone dye, azulene dye, dithiol metal complex dye and
the like.

These dyes may have various substituents so as to

control the solubility of the dye in a solvent to a de-
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tive layer can be forned extending over the recording |ayer and the
reflective |ayer. Therefore, it is preferable that the liquid resin
used for formng the protective layer is of the kind capable of dissolving
0.5 % by weight or nore of the recording lay- er, and nore preferably, of
t he ki nd capable of dissolving 1 % by weight or nore of the recording

| ayer. Further, fromthe standpointy#®f_the adhesion be- tween the
protective |l ayer and the substrate, it is pref- erable that the liquid
resin used is of the kind capable

sirable range or impart desirable recording characteris-
tics. The dyes may be used alone or in combination.

Among the dyes, phthalocyanine dfe and naphthalo-
cyanine dye are preferable from the standpoint of dura-
bility.

Among them, alkoxy substituted phthalocyanine,
alkylthio substituted phthalocyanine and halogenated
phthalocyanine derived from these substituted phthalo-~
cyanines are exemplified. |

More particular substituted phthalocyanine dyes as
described-in the ébovg-mentioned EP-0337209 and EP-
0373643 are preferable.

According to the present invention, the recording
layer containing a dye can be usually formed by.a coat-
ing method. Among the coating methods, a spin-goating
method is p:eferablg..

When the above-mentioned dye is formed into a layer
by a coatiﬁg method, the dye may be dissolved in a sol-
vent not adversely affecting the substrate. |
Such solveﬂts substantially incapable of dissolving the.
resin for substrate are, for example} Aliphatic or ali-
cyclic'hydrocarbons such as hexane, heptane, .octane,
decane, cyclohexane, and the like;
ether type non-polar solvents such as diethyl ether,

dibutyl ether, diisopropyl ether and the like; and

Sheet Has Been R“'ﬁm“ | This is the replacement sheet

T e © MOV 156




- 12 - of di ssolving at least 0.5 % by weight, nore preferably at least 1 %
by weight of the substrate resin

- 14 -

alcoholic solvents such as methyl alcohol, ethyl alcohol,

isopropyl alcochol, allyl alcohoi, methyl cellosolve, and
the like.

The resulting dye solution may be applied, by a
spin-coating, to the whole surface of the substrate out-
side of the dent at the inner peripheral portion formed
by a stamper fixing jig, for example, in the case of an
injection molded resin subétrate. .

Then, according to the present invention, the record-

-ing layer at the outermost peripheral portion of the sub-

strate is -removed with a solvent so as to form an exposed
substrate portion at the outermost peripheral portion.
The removing method may be a'method of dropping a
solvent onto a portion of the recording layer to be remov-
ed in the vicinity of the outermost periphéral portion
.while';otating the substrate. The solvent used there is
preferably é.sélveﬁt capable of dissolving 3 % by weight
or more of the dye.
Exemplary suitable solvents for removing the fecord—
ing layer include:
the above-mentioned solvents useq for coating the dye;
halogeﬁ containing solvents such as
carbon tetrachloride,
chloroform,

methylchloroform,
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According to the present invention, the nost part of the recording |ayer
protruding fromthe inner periphery of the reflective |ayer can be

di ssolved away with the liquid resin. It is not always necessary to
conpletely dis- solve away the protruding recording layer. In this inven-
tion, the liquid resin being capable gf di ssolving both the substrate resin
and the recording layer, the liquidTr 3i i penetrates through the renmaining
recording layer to the surface of the substrate, and the substrate is al so
dis- solved with the liquid resin and thereby, the resin and the substrate
are m xed with each other so that the ad-

1;1,2-trithoroethane,
trichlene,
dichloromethane,
and the like;
hydrocarbon solvents such as
benzene,
toluene,
xylene,'
and the like;
ketone type solvents such as
cyciohexapone,
methyl ethyl ketone,
methyl isobutyl ketone,
and the like;
alcoholic solvents such as
butyl cellosolve,
ethyl cellésolve,
and the like} and
ester type solvents such as
butyl acetate,
amyl acetate,
cellosolve acetate
and the like.
The solvents may be used alone or in combination.

When a recording layer containing a dye is prepared,
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hesi on between the protective |ayer and the substrate is inproved. The
optical recording nediumof the present inven- tionis irradiated with a

| aser beam t hrough the substrate to record or read out signals. The

wavel ength of the la- ser beamused is, in usual, preferably 640 - -850 nm
and a sem conductor |aser having an pgcillatory wavel ength of such range as
above is preferable. For recording, the laser output is nade about 5 - 12
mNV on the recording | ayer while rotating medium and for readout, the |aser
out put is nade about 1/10 tines

in addition to the above—ﬁentioned dve, there may be usad
resins such as nitrocellulose, ethylcellulose, acry;ic
resins, po%fstyrene resins, urethane resins and the like,
leveling agents, éeforming agents and the like in an amoﬁnt
which does not adversely affect the effect of the present
invention, for example, about 20 % or less, preferably
about 10 % or less.

Then, according to the present invention, a reflec-
tive layer is provided on the recording layer.

As the reflective layer on the recording layer, in
usual, a metal thin film is preferably used. |

Taking the playability of the medium of the present
invention by commercially available CD players into con-
sideration, the reflectivity of the medium is preferably
60 % or more. As preferable metals, there may be mentioned
aluminum, gold, silver, copper, platinum, nickel and the
like and alloys containing the metals as mentioned above
as a component or components. The reflective layer made
of the ﬁetal may be formed by vapor deposition, sputtering
and the like. .in usual, the thickness of reflective layer
is preferably 500 - 2000 A.

When the substrate is a circle, the reflective layer
is formed such that at the inner peripheral portion t@e
recording layer protrudes in an annular form under the

reflective layer, and at the outer peripheral portion the
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that for recording. Printing may be made on the protective |ayer of the

optical recording nediumof the present invention. The foll ow ng
exanples illustrate the present inven- tion, but it is to be understood
that they are given for the purpose of illustration and not limtation.
The dyes used in the follow ng exanples were pre- pared according to
EP- 0337209 or EP-0373643. - 17 - :

reflective layer extends over the recording layer, but
the exposed portion of the substfate remains at the outer-
most peripheral portion of the substrate.

In order to protect the metal reflective layer, a
p?otective layer is formed on the reflective layer. As
the protective layer, liquid resins are used. -In parti-
cuiar, fr&m the standpoint of productivity, liquid resins
curable by ultraviolet'ray irradiation afe preferable.
The tﬁickness of the protective layer is preferably about
1 - 15 pm.

The protective layer may be prepared by coating with
a liquid resin the area ranging from the region where the
recording layer is provided or from thé region which is
inside of the inner_pefipheral portion of the recording
layer where the recording layer is not provided, to the_
outermost peripheral ﬁorfion of the substréte (a portion
where the substrate is exposed) over the outer periphery
of the reflective layer, and then the coated resin is
cured. The side wall 1' (in FIG. 4) of the substrate may
be covered with an overflbwing protective layer 7 (in
FIG. 4).

For ekample, when a liquid resin capablé of dissolv-
ing the recording layer-is coated on the substrate having
a dent formed by a stamper fixing jig by a_spin—coatiﬁg

method, the liquid resin is dropped onto the outside of
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- 13 - Exanple 1 A 3.5 weight %solution of a brom nated (average 3.0
brom ne atons per nolecule) Pd-tetra-(t-butyl-cy- clohexyl oxy)
pht hal ocyani ne dye in octane was dropped

- 18 -

said dent and then the substrate is rotated to coat the
whole surface, and the coated liquid resin is cured.

As & £esult of the above-mentioned coating procedufe,
at the innermost peripheral portion the most portion of
the recording layer protruding from the reflective layer
is dissolved away by the liquid resin and the protective
layer is formed extending over both the recording layer
and the reflective layer. '

On tﬁe other hand, with respect to the outer peri-
phery, there is provided an exéosed substrate portion at
the outermost peripheral portion and thereby a prote;tive
layer can be formed extending over the recording layer and

the reflective layer.

Therefore, it is prefefable that the liquid resin
used for fprming the protective layer is of the kind cap-
dble of dissolving 0.5 é by weight or more of the record-
ing layer, and more preferably, of the kind capable of
dissolving 1 $ by weight or more of the recording layer.

Further, from the standpoint  of the adhesion between
the prg;ective layer and the substrate, it is preferable
that the liquid resin used is of the kind capable of dis-
solving at least 0.5 % by weight, more preferably at least
1 % by weight of the substrate resin.

According to the present invention, the most pa;t of

the recording layer protruding from the inner periphery
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onto an outside portion of a dent formed by stanper fix- ing jig on the
surface of an injection nolded polycar- bonate resin substrate (1.2 mm
thick, 120 mmin outer dianeter and 15 nmin inner dianeter) having a
spiral groove (140 nmin depth, 0.5 [err]min width, 1.6 [err]min pitch)
and then the resin substrate was rotated at 1500 rpmfor 10 sec. to forma
recordi ng | ayer. Further, the substieate was rotated and then while
rotating the substrate, octane was dropped onto the re- cording | ayer of

t he outernost peripheral portion of the substrate to renove the recording
| ayer at the outernost

of the reflective layer can be dissolved away with the
liquid resin. It is not always necessary to completely
dissolve away the protruding recording layer. In this
invention, the liquid resin being capable of dissolving.
both the substrate resin and the recording layer, the
liquid resin penetrates through the remaining recording
layer to the surface of the substrate, and the.substrate
is also dissolved with the liquid resin and thereby, the
resin ahd the substrate are mixed with each other so that
the adhesion between the protective layer and the substrate
is improved.

The optical recording medium of the pfesent inven-
tion is irradiated with a laser beam through the substrate
to record or read out signals. The wavelength of the
laser beam used is, in usual, preferably 640 - 850 nm,
and a semiconductor laser having an oscillatory wavelength
of such range as above is preferable.

For recording, the laser ouﬁput is made about 5 - 12 mW
on the iecording layer 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 presént invention.

The following examples illustrate the present ihven-

tion, but it is to be understood that they are given for

I
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peri pheral portion. Then the substrate having the re- cording |ayer was
dried at 40[err]C for 10 min. In such a way, there was fornmed a recording

| ayer substantially conposed of the phthal ocyani ne dye which ranged from an
outside portion of said dent (as to the inner peripheral portion) to a
portion which was by about 1.5 mminside fromthe outernost periphery of
the substrate (as to the outer periphepal portion). On the recording

| ayer thus formed was formed a gold thin layer of 80 nmthick as a
reflective layer by sputtering. The outer peripheral portion of the
reflective

the purpose of illustration and not limitation.
The dyes used in the following examples were prepared

according to EP-0337209 or EP-0373643.

Example 1 .

A 3.5 weight % solution of a brominated (average
3.0 bromine atoms per molecule) Pd-tetra-(t-butyl-cyclo-
hexyloxy) phthalocyanine dye in octane was dropped onto
an outside.portion of a dent formed by stamper fixing
jig on the surface of an injection mélded polycarbonate
resin substrate (1.2 mm thick, 120 mm in outer diameter
~and 15 mm in inner diameter) having a spiral groove (140
nm in depth, 0.5 ym in width, 1.6 um in pitch) and then
the resin substrate.was rotated at 1500 rpm for 10 sec.
to form a recording layer.

Further, the substrate was rotated ana then while
rotating the substrate, octane was dropped onto the re-
cording layer of_the outermost peripheral portion of the
substrate to remove the recording layer at the outermost
‘periﬁheral portion. Then the subs£rate having the_record-
ing layer was dried at 40°C for 10 min. In such a way,
there was formed a recording layer substantially composed
of the phthalocyaniné dye which ranged from an outside
portion of said dent (as to the inner peripheral pgrtion)

to a portion which was by about 1.5 mm inside from the
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Iayér ext ended over the outer periphery of the recording |ayer, but no
rrefl ective | ayer was forned at the annular region at the outer peripheral

portion of about 1 mm w de. The reflective |ayer was forned at an
i nnernost pe- ripheral portion such that the recording | ayer protruded
about 1 mmin w dth. An ultraviolet ray-curable resin (SD-17, trade

name supplied by Daini hon Ink Co., abput-35 cps) was coated at the whole
regi on outside of the dent by spin-coating.

cutermcst periphery of the substrate (as to the outer
Feripherzl portion).

On “he recording layer thus formeé was rformed & gold
thin layer of 80 nm thick as a reflective layer Dy sput-
tering. The outer peripheral portion of the relleclive
layer ex:-ended over the ou:er periphery of the receording
layer, but no reflective layer was formed at the annular
region at the outer peripheral portion of about 1 mm wide.

The reflective layer was formed at an ianermest gperi-

(4
(&5

pheral pcrtion such that tHe recording layer pro rud
about 1 mm in width.

An ultraviolet ray-curable resin (SD-17, trade ﬁamé,
supplied by Dainihon Ink Co., about 35 cps) was coated
at the whbie region outside of the dent by spin-coating.

v Then, the whole surface of the coated resin was ir-

radiated with ultraviolet ray (400 mJ) and cured to form
a protective layer. The thickness cf the resulting protec-
tive layer was about 7 am.

When the ultraviolet ray-curable resin was coated,
the portion of the recording layer protruding from the
innermést reflective layer was brought into contact with
and dissclved in the ultraviclet ray-curablé resin, and
thereby an ultravioiet ray-curable resin in which a.
minute ancunt of the dye constituting the recording laver

was dissclved was coated on the reflective layer, and
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- 14 - Then, the whole surface of the coated resin was ir- radiated
wth ultraviolet ray (400 mJ) and cured to form

- 22 -

the protective layer was formed extending over the re-
cording layer and the reflective laver.

Further, at the outermos:t peripheral portion the.
protective layer was formed extending over both the re-
cording layer and the reflective layer.

When the inner.peripheral portion and the outer
peripheral portion of the medium thus produced were ob-
served from the substrate side and the protective layer
side. by means of a micrcscope, at the outer peripheral
portion the refléctive lafer extended over the recording
layer by §bout 0.5 mm and the protectivé layer extended
over the reflective layef by about 1 mm, and thereby the
protectivé layer was formed up to the ocutermost periphery

of the substrate as shown in FIG. 4.

On the other hand; it was observed that at the.inner
peripheral portion the reflective layer and the recording
layer were formed such that their inner ends were at
about the same position and the protective layer were
formed extending over both the recording layer and the
reflective layer by.about 1 mm. as shown in FIG. 4.

In order to evaluate the adhesion of the protective
layer of the medium thus prepared, tape peeling tests
with an adhesive tape were conducted. No peeling of the
protective layer was abserved. '

For durability tests, the medium was allowed to stand
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a protective layer. The thickness of the resulting protec- tive |ayer was
about 7 [err]m When the ultraviolet ray-curable resin was coated, the
portion of the recording |ayer protruding fromthe in- nernost reflective

| ayer was brought into contact with and dissolved in the ultraviol et
ray-curable resin, and thereby an . ultraviolet ray-curable resin in which a
m nut e anmount of the dye constltutlnq%the recordi ng | ayer was di ssol ved was
coated on the reflective |layer, and the protective |ayer was forned
extending over the record- ing layer and the reflective |ayer.

for 2000 hours at 80°C and 90 % R4, and then geeling lssis -
were conducted. No peeling of the protactive laver was
observed.

Further, solubility of the dye and that of the su:-
strate resin in the uncured ultraviolet ray-curable rasin
were measured. Each of them was dissolved in the ulzza-
violet ray-curable resin in an amount of 1 % by weigh%

or more.

Comparative Example 1

The procedure of Example 1 was repeatad except that
a 3.S-weight % solution of a brominated (average 3.0
bromine atoms per molecule) Pdeﬁetra-(4-methyl—pentan-2—
oxy)} phthalocyanine ‘dye in octane was used in place c=Z
the éye in Example 1,.and é medium was produced.

The dye used in this mgdium was hardly soluble in the
ultraviolet ray-curable resin and the recording layer at
the innermost peripheral bortion could not be removed, but
remained such that the portion protruded -from the inner
periphery of the reflective layer. Therefore, at the in-
nermost peripheral portion the ﬁrétective layer coulé not
be formed extending over the recording layer.

Tape peeling tests were conducted according to.Example
1. The protectlve laver was not peeled off at all, kut

after the humidity and heat resistance test, the outermost
R —

i
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Further, at the outernost peripheral portion the pro- tective |ayer was
formed extendi ng over both the record- ing |layer and the reflective | ayer.
When the inner peripheral portion and the outer pe- ripheral portion of the
medi um t hus produced were ob- served fromthe substrate side and the
protective | ayer side by neans of alﬁng§cope, at the outer peripheral
portion the reflective |ayer extended over the recording | ayer by about 0.5
nm and the protective | ayer extended over the reflective |ayer by about 1

nm and thereby the protective | ayer was forngd up to the outernost periph-

peripheral portion did not cesl, but the innermost geri-

cheral portion reeled.

Comparative Example 2

The procedure of Example 1 was repeated up o the
formation of a reflective layer{ fter the reflzctive
layer was formed, octane was dropped onto the inrner
peripheral.portion while rotating the substrate so as to
remove the recording laysr at the inner peripherz’ por-
tion.

The recording layer protruding at the innex peripgh-
eral portion was removed, but wrinkles formed at the
reflective layer. The wrinkles appeared to be aitribu-
table to peeling of the reflective - layer.

This indicates thaE it is difficult to remcve the re-

cording layer protruding from the reflective layer with a

solvent.

Example 2 |

The procedure of Example 1 was repeated except that
a 3.2.wt. % solution of a bromidatéd (average 3.5 bromine
atoms per molecule) Pd-tetra-(2,4-dimethylpentan-3-oxy)
phthalocyanine dfe was used in place of the dy; in Example7
1, and a medium was produced.

The adhesion of the protective layer was evaluated.
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ery of the substrate as shown in FIG 4. On the other hand, it was
observed that at the inner peripheral portion the reflective |ayer and the
recording |ayer were forned such that their inner ends were at about the
same position and the protective |ayer were forned extending over both.the
recording layer and the reflective layer by about 1 mm as shown in FIG 4.
In order to evaluate the adhesion of2¢he protective |ayer of the nmedium
t hus prepared, tape peeling tests with an adhesive tape were conducted. No
peeling of the protective |ayer was observed.

No peeling was observed both before and after the dura-

bility test.

This dye was dissolved in the ultraviolet ray-curable

resin in an amount of 1 % by weight or more..
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. This is the replacement sheet

Date: =~ 5 WOV 1998



This Sheet Has Been Replaced
T

WHAT IS CLAIMED IS:

1. An optical recording medium comprising a trans-
parent resin éubstrate,
a recording layer_overlying the substrate,
a métal reflective layer overlying the recordihg layer,
and
a protective layer overlying the metal reflective layer,
which comprises:
the substrate having no recording layer at the inner peri-
pheral portion and at the outer peripheral portion, the
recording lgyer containing a dye being provided at a region
of the substrate other than the above-mentioned no-record-
ing-layer portions,
the metal féflective layér being prpvided on the record-
ing layer such that'the inner periﬁheral portion of the
metal reflective layer substantially consists with that
of the recording layer and the outer peripheral portion
of the metal reflective layer extends over that of the
recording layer, and
the inner peripheral portion and the outer peripheral
portion of the protective layer extending over those of

the reflective layer, respectively.

2. A process for producing an optical recording'’

medium comprising a transparent resin substrate, a record-

B0 1T g
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For-durability tests, the nediumwas allowed to stand for 2000 hours at 80C

and 90 % RH, and then peeling tests were conduct ed—Nopeeing—of—the-

protec- tive |layer was observed. Furt her, soluth f th e and
that of the sub- strate resin in the uncured uItraV| ¢ resin
wer e neasured. Each of them was di ssokved in the ul - -curabl e
resin in an anmount of 1 % by weight or nore. Cbnpa 1

ing layer overlying the substrate, a metal reflective

layer overlying the recording ldaver, and a protsctive
layer overlying the metal reflective layer, which com-
prises:

forming a recording layer containing a dye by spin-coat-
ing on the substrate;-

removing the recording layer in the vicinity of the cuter-

most peripheral portion of the substrate to form a por-

tion at the inside of the outermost periphery of the sub-
strate where the surface of the substrate is exposed;
'férming thé metal reflective layer on the recording layer
such that.the recording layer protrudes at the inner
peripherél portion of the metal reflective layer while
the metal reflective layer extends over the recording
layer at the outer peripheral portion and a region
having no reflective layer is provided at the outermost -
peribheral portion of the substrate;

coating a liquid resin capable of dissolving the record-
ing layer at least from the protruding region of the re-
cording layer to the outermost peripheral portion of the
substrate;

thereby removing the recording layer extending over the
inner peripheral portion of the reflective'13yer“by dis-
solution;

curing the liquid resin; and

S —

U O Il
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The procedure of Exanple 1 was repeated except that a 3.5 weight %
solution of a bromnated (average 3.0 brom ne atons_per nol ecul e)
Pd-tetra-(4-nmethyl - pentan-2-oxy) phthal ocyani ne dye in octane was used

in place of the dye in Exanple 1, and a nedi um was pTTﬁ@Bh@@HasBeenReﬁl'a%e dye

used in this nmediumwas hardly solubl'e in the ultravi $|mlmm1j
0

resin and the recording |ayer at the Jginernost periph
thereby forming on the metal re flective layer the prctec-

uId

not be re- noved, but remained such that the portion pr

tive laver extending over the reflective laver toth at

the inner and the outer peripheral portions.

3. The process according to claim 2 in which thas

-

liquid resin used for the protective laver is an ulkrz-

violet ray-curable resin.

4. The process according to clzaim 3 in which the

liquid resin is coated by spin-coating.

5. The process according to claim 3 in which, Befcre
forming the reflective layer, a solvent is dropped onto
the outermost peripheral portion of the sunstrat while
.rotating the substrate to remove the recording layer =at
the outermost peripheral portion, and thereby an ex::osazfq
portion of the substrate is formed at the outermcst peri-

pheral portion in the annular form.

6. The process according to claim 5 in which the
ultraviolet ray-curable liquid resin used for the protac-
tive layer is of the kind capable cf dissolving 0.5 % by

weight or more of the recording laver.

7. The process according to claim 6 in which tha

_— This is the replacement sheet
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fromthe inner peri phery of the reflective |ayer. There- fore, at the
IF-nnernost peripheral portion the protective |ayer.could not be forned

extendi ng over the recording |ayer. Tape peeling tests were
conducted according to Ex- anple 1. The protective |ayer was not peel ed
off at .all, but after the humdity and heat resistance test, the out-

ernost peripheral portion did not peeb, but the innernobst peri pher al
portion peel ed. - 29 -

ultraviolet ray-curable liguid resin used for the protec-

tive layer is of the kind capadble of dissolving 1 % by

weight or more of the racording laver.

8. The process according to claim 7 in which the

substrate is composed of polycarbonate resins and injec-

tion-molded.

9. The medium according to claim 1 in which the
substrate is composed of polycarbonate resin and injection-

molded.

This Sheet Has Been Reilaced

I

L
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Conmpar ati ve Exanple 2

- 30 -

OPTICAL RECORDING MEDIUM AND PRODUCTION THEREOF

ABSTRACT OF THE DISCLCSURE

An optical recording medium comprises a substrate,
a recording layer overlying the substrate such that the
recording layer is not present at the inner ang outer
peripheral portions of the substrate, a meﬁél reflective
layer dverlying the recording layer such that the inner
periphery of the metal reflective layer consists with
ﬁhat of the recording layer while the outer peripheral
portion of the reflective layer extends over the'outer
perphery of tﬂé reéording layer, and a protective layer
wholly covering the metal reflective layer extending over
the recording layer both at the inner and outer peripheral
portions. The optical recording medium exhibits an ex-
cellent aahesion strength of the protective layer even when
stood under high humidity and high temperature conditions
for a long period of time, and the protective layer is.not

peeled off when subjected to a tape peeling test.

FIGURE 4.
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The procedure of Exanple 1 was repeated up to the formation of a reflective
| ayer. After the reflective |ayer was formed, octane was dropped onto the

i nner periph- eral portion while rotating the substrate so as to renove the
recording layer at the inner peripheral portion. The recording | ayer
protruding at the inner periph- eral portion was renoved, but wi nkles
fornmed at the re- flective layer. The winkles appeared to be attributable
to peeling of the reflective layer. [ This indicates that it is difficult
to renove the record-

FIG.1
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ing layer protruding fromthe reflective layer with a sol- vent. Exanple 2
The procedure of Exanple 1 was repeated except that a 3.2 w. % sol ution of
a brom nated (average 3.5 brom ne atons per nol ecul e)

Pd-tetra- (2, 4-di net hyl - pentan-3-oxy) phthal ocyani ne dye was used in pl ace
of the dye in Exanple 1, and a medi um was produced. The adhesi on of the
protective | ayeewas eval uat ed. 2

FIG.5
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No peel i ng was observed both before and after th F o ,[:. gua- '
This dye was dissolved in the ultraviolet ray-cur l&!/ csurpﬂon page%..ﬁpo pa,cfe% _____
1 % by wei ght or nore. l&/uc.m(s) : paged 7.. to paged ..

i Drawing(s) : paged ..... to paged.....
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PROCESS FOR PRODUCING AN OPTICAL RECORDING MEDIUM

Description

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a process for pro-
ducing an optical recording medium, and more particu-
larly, to a process for producing an optical recording me-
dium of a single plate type comprising a recording layer
composed of a dye, having a high reflectivity, capable
of recording a large volume of information.

Description of the Related Art

. Writable optical recording mediums of a single plate
type playable by a commercially available compact disc
(hereinafter called "CD") which comprises a recording _
layer composed of a dye, a metal reflective layer over-
lying the recording layer for enhancing reflectivity and a
protective layer overlying the reflective layer are pro-
posed, for example, in Optical Data Storage 1989 Tech-
nical Digest Series Vol. 1, 45 (1989), and EP-353393.

In these optical recording mediums, a protective
layer is provided on a reflective layer in order to protect
a recording layer.and the reflective layer. As the protec-
tive layer, a hard resin, so-called "hard coat*, is usually
usedsoasto prevent the damage of the recording layer
and the reflectrve layer o

Further, addmo_nal functions of the protective layer

are the preventron ot peelmg of the recordlng layer and

i

i
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- 17,- dainms 1. A process for producing an optical recording nedi-

um conprising a transparent resin substrate (1), a recordi ng | ayer (2)
overlying the substrate (1), a netal reflective layer (5) overlying the
recordi ng | ay- er (2), and a protective layer (7) overlying the netal

-2 -

of the recording layer and the reflective layer, and there-
by serving to improve the durability. Therefore, the ad-
hesion between the protective layer and the reflective
layer is required to be strong.

However, in the case of a medium using a dye ina
recording layer, the recording layer is usually formed by
spin-coating. An optical disc substrate has a groove,
and when a recording layer is formed by spin-coating,
the recording layer is formed on the whole surface of the
substrate ranging from the further inside of the groove
at the inner peripheral portion of the substrate to the out-
ermost edge of the substrate.

Taking into consideration the adhesion between the
protective layer and the reflective layer, it is demanded
to remove the recording layer at the inner peripheral and
outer peripheral portions of the substrate and form a pro-
tective layer. extending over the peripheries of the re-
cording layer and the reflective layer as proposed by
Japanese Patent Application Laid-Open Nos. Hei 2 -
183442 and 2 - 236833 reflecting the preamble of ap-
pended claim 1.

in order to form the protective layer extending over
both the recording layer and the refiective layer as
shown, for example, in FIG. 4, itis necessary to provide
a portion where the substrate is exposed at each of the
inside of the innermost periphery and the outside of the_
outermost penphery (outermost edge) of the recording
layer.

For the purpose of forming such a structure, here-
tofore, the recording layer formed at each of the outer
and the inner peripheral portions has been removed. For
example, the recording layer at the outer peripheral por-
tion of the substrate can be easily removed by dropping
a solvent to the peripheral portion while rotating the sub-
strate.

This is the repistement -sheet
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reflective |ayer (5) conprising the follow ng nmanu-

(a) formng a recording layer (2) containing a

facturing steps:
dye by spin-coating

on the substrate (1); (b) renoving the recording layer (2) in the
portion (4) of the

Vi Ci n- ity of the outernost periphera

substrate (1) to forma portion at the inside of

t he out er nost

peri phery (4) of the substrate (1) where the surface of the

substrate (1) is ex- posed;

-3 -

On the contrary, the recording layer at the inner pe-
ripheral portion can not be removed by the same method
as that used for removing the recording layer at the outer
peripheral portion, but is removed only by, for example,
wiping the recording layer away with a solvent or burning
the recording layer with laser as disclosed in Japanese
Patent Application Laid-Open No. Hei 2 - 183442.

However, according to the present inventors' inves-
tigation, those methods are complicated and of less pro-
ductivity, and the recording layer can not be completely
removed. And we have found that the adhesion of the
protective layer is not sufficient, and when the medium
is allowed to stand under high temperature and high hu-
midity conditions for a long period of time, the peeling
strength at the inner peripheral portion is poor so that
peeling occurs at the inner peripheral portion.

Alternatively, a recording layer at the inner periph-

: -eralportion can be removed as shown in Japanese Pat-
~ ent Application Laid-Open No. Hei 2- 236833. That is,

a reflective layer is formed on a recording layer in such
a way that the recording layer protrudes from the inner
and the outer edges of the reflective layer and the re-
cording layer protruding the innerand outer edges of the
reflective layer is washed away with a solvent.

We have found that, according to this method, when
the reflective layer is washed with a solvent, it is dam-
aged and thereby, the reflective layer is peeled off and
noise of the resulting medium increases, because the
reflective layer is a very thin metal film.

This method is also including a complicated solvent
washing step and further, the productivity is poor.

This is the replacement sheet
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(c) fformng the netal reflective |layer (6) on the

recordi ng | ayer

(2); (d) coating a protective layer (7) on the sub-

strate (1) bearing the recording |layer (2) and t he net al
reflective |ayer (5); the process being characterized in that in
step (c), formng the nmetal reflective layer (6) on the
recording layer (2) is nmade such that the re- cording |layer (2)
ext ends beyond the inner pe- Ti%oferal portion (6) of the netal
reflective |ayer (5) whereas the netal reflective |ayer extends

The present inventors have variously researched
so as 1o develop a method for producing easily and at
a high productivity an optical recording medium of a sin-
gle plate type such that the adhesion of a protective lay-
er to a reflective layer is excellent and no peeling occurs
at the inner peripheral portion and the outer peripheral
portion when subjected to a tape peeling test after the
medium is stood under high temperature and high hu-
midity conditions for a long period of time.

The present inventors have noticed an important
fact that the remaining stress at the protective layer etc.
is different depending on the positions of the layer, that
is, the inner peripheral portion and the outer peripheral
portion, and the remaining stress at the inner peripheral
portion is much smaller than that at the outer peripheral
portion. The present inventors have found that the
above-mentioned disadvantages can be solved by (1)

- forming a reflective layer extending over the recording

layer and further forming a protective layer extending

over the reflective layer at the outer peripheral portion
of the substrate and (2) forming a protective layer ex-
tending over both the recording layer and the reflective
layer at the inner peripheral portion, that is, it is not nec- .
essary that the reflective layer extends over the record-
ing layer at the inner peripheral portion as shown in FIG.
3.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
process for producing an optical recording medium ex-
hibiting an excellent adhesion strength of the protective

~ layer even when stood under high humidity and high

temperature conditions for a long period of time.
According to the present invention, there is provid-

ed a process for producing a optical recording medium

as defined in appended claim 1.
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peyond the recording layer (2) at the outer pe- ri pheral portion
(4) thereof and a region having no netal reflective layer.(5) is

provi ded at the
strate (1);

out ernost peripheral portion (4) of the sub-
in step (d) coating on the substrate (1) bearing

-5 -

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows schematically a cross section of a
structure composed of a substrate and a recording
layer at a step of producing an embodiment of the
optical recording medium of the present invention;
FIG. 2 shows schematically a cross section of a
structure at a step following FIG.1 where the outer-
most peripheral portion of the recording layer is re-
moved;

FIG. 3 shows schematically a cross section of a
structure at a step following FIG. 2 where a reflec-
tive layer is formed on the recording layer;

FIG. 4 shows schematically a cross section of an
embodiment of the optical recording medium pro-
duced by a process of the present invention; and
FIG. 5 is a partially cross-sectional diagrammatical
perspective view illustrating an embodiment of the
structure of the optical recording medium produced
by a process of the present invention corresponding
to FIG. 4. -

DESCRIPTION OF THE PREFERRED

EMBODIMENTS

A process for producing an optical recording medi-
um according to the present mvennon may be carried
out as shown below. - T

Referringto FIG. 1,a recording layer 2 is formed on

a substrate 1 outside of a dent 3 formed by a stamper

fixing jig.
Then, as shown in FIG. 2, the recording layer 2 in

the vicinity of the outermost peripheral portion 4 of sub-
strate 1 is removed.

This is the repiacement sheet
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- 18 - the recording layer (2) and the netal reflective

“layér (5) is made with a liquid resin capable of di ssol ving the
recording layer (2) fromat |east the part of the recording |ayer
(2) extendi ng be- yond the inner peripheral portion of the netal

reflective |layer (6) to the outernost peripheral
-6 -

Further, as shown in FIG. 3, a reflective layer 5 is
formed such that the reflective layer 5 extends over the
outer periphery of recording layer 2, but does not reach

the outer periphery of substrate 1 and therefore, some
outer peripheral portlon 4' thereof is still exposed, and
the reflective layer 5 does not reach the inner periphery
of recording layer 2, that is, recording layer 2 protrudes
inward exceeding the inner periphery of the reflective
layer 5 as indicated by reference numeral 6.

Furthermore, a liquid resin for protective layer is
coated to cover both outermost peripheral portion of
substrate 1 and the whole reflective layer, from the inner
peripheral portion 6 of recording layer 2 not covered with
reflective layer 5 to the outer peripheral edge of sub-
strate 1. The portion 6 of recording layer 2 is dissolved
in protective layer. As a result, as shown in Fig. 4, both
recording layer 2 and reflective layer 5 are completely
covered with protective layer 7. The side wall 1' of sub-
strate 1 may be covered with an overflowmg protective
layer 7.

FIG. § is a perspective view of an embodlment of
the optical recording medium of the present invention
where 1 denotes the substrate, 2 the recording layer, 3
the dent formed by stamper fixing jig, 5 the reflective
layer and 7 the protective layer.

As a transparent résin substrate used in the present
invention, such substrate capable of transmitting sub-
stantially a semiconductor laser beam is preferable.
Preferable transmittance of the laser beam is 85 % or
higher. Further, it is preferable that optical anisotropy of
the substrate is small.

Examplary suitable substrates include thermoplas-
tic resin substrates composed of acrylic resins, polycar-
bonate resins, polyamide resins, polyvinyl chioride,
polyolefin resins or the like,

This is the replacement gheet
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portion (4) of the substrate (1), thereby selec- tively renoving

‘the portion of the recording | ay- er (2) extending beyond the inner
peri pher al portion (6) of the nmetal reflective |ayer (5) from

the surface of the substrate (1) by dissolution; and (e)
curing the liquid resin whereby the thus- formed protective |ayer
(7) extends over and beyond the netal reflective |layer (5) and con-
tacts the substrate (1), both at the ynner and the out er. peri pheral

portions of the substrate (1).

Among these resin substrales, from the standpoints
of mechanical strength of substrate, easy formation of
grooves and pits, injection molded resin substrates
made of acrylic resins, polycarbonate resins, or polyole-
fin resins are preferably, and polycarbonate resin sub-
sirates are most preferable.

The shape of the substrate may be in the form of
plate or film, or circle (disc) or card. For example, in case
of a circle, it may have a center hole.

The surface of the substrate is provided with grooves
for controlling the recording position. The surface may
have partly some pits.

Such grooves and/or pits are preferably formed
when the substrate is fabricated by injection molding or
cast molding. For forming grooves and pits when the
substrate is molded, a stamper having grooves and pits
is mounted in the mold for a molding machine and the
grooves and/or pits are transierred to the substrate.

According to the present invention, the optical re-
cording medium comprises a transparent resin sub-
strate, and a recording layer containing a dye, a reflec-

- tive layer and a protective layer subsequently super-
posed on the substrate.

The dyes used in the recordmg layer containing a
dye may be dyes having absorption in the wavelength
region of oscillation of semiconductor laser such as
polymethine dye, phthalocyanine dye, naphthalocya-
nine dye, naphthoquinone dye, azulene dye, dithiol met-
al complex dye and the like.

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

Among the dyes, phthalocyanine dye and naph-
thalocyanine dye are preferable from the standpoint of

durability.
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2. The process according to claim1 in which the liquid resin used for
the protective layer is an ultraviol et ray-curable resin. 3. The
process according to claim2 in which the liquid resin is coated by
spin-coating. 4. The process according to claim2 in which, before
formng the reflective layer (5), a solvent is dropped onto the
out er nost peripheral portion (4) of the sub-

-8 -

Among them, alkoxy substituted phthalocyanine,
alkylthio substituted phthalocyanine and halogenated
phthalocyanine derived from these substituted phthalo-
cyanines are exemplified.

More particular substituted phthalocyanine dyes as
described in the above-mentioned EP-0337208 and EP-
0373643 are preferable.

According to the present invention, the recording
layer containing a dye can be usually formed by a coat-
ing method. Among the coating methods, a spm-coatmg
method is preferable.

When the above-mentioned dye is formed into a
layer by a coating method, the dye may be dissolved in
a solvent not adversely affecting the substrate.
Such solvents substantially incapable of dissolving the
resin for substrate are, for example, aliphatic or alicyclic
hydrocarbons such as hexane, heptane, octane, de-
cane, cyclohexane, and the like;

_ ether type non-polar solvents such as diethyl ether, dib-

- utyl ether, diisopropyl ether and the like; and alcoholic

: solvents such as methyl alcohol, ethy! alcohol, isopropy!
alcohol, allyl alcohol, methyl cellosolve, and the like.

The resulting dye solution may be applied, by a
spin-coating, to the whole surface of the substrate out-
side of the dent at the inner peripheral portion formed
by a stamper fixing jig, for example, in the case of an
injection molded resin substrate.

Then, according to the present invention, the re-
cording layer at the outermost peripheral portion of the
substrate is removed with a solvent so as to form an

exposed substrate portion at the outermost peripheral
portion.

This is the replacement sheet

-2 DEC W97
Date:



strate (1) while rotating the substrate (1) to renove t he recording

| ayer (2) at the outernost peripheral portion (4), and thereby an
exposed portion of the substrate (1) is formed at the outernpst
peri pher al portion (4) in the annular form

- 9 -

The removing method may be a method of dropping
a solvent onto a portion of the recording layer to be re-
moved in the vicinity of the outermost peripheral portion
while rotating the substrate. The solvent used there is
preferably a solvent capable of dissolving 3 % by weight
or more of the dye.

Exemplary suitable solvents for removing the re-
cording layer include:

the above-mentioned solvents used for coating the
dye,

halogen containing solvents such as

carbon tetrachloride, '

chloroform,

methylchloroform,

1,1,2-trichloroethane,

trichlene,

dichloromethane,

and the like;
hydrocarbon solvents such as
benzene,
_ toluene,
'j xylene,
! and the like;
ketone type solvents such as
s cyclohexanone,
- methyl ethyl ketone,
methyl isobutyl ketone,
and the like;
alcoholic solvents such as
buty! cellosolve,
ethyl cellosolve,
and the like; and
ester type solvents such as
butyl acetate, B
amyl acetate,
cellosolve acetate
and the like. This is the regiscement sheet
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- 19:- 5. The process according to claim4 in which the ultra-
ray-curable liquid resin used for the protective
ki nd capabl e of dissolving 0.5%

| ayer (2).

- 10 -

The solvents may be used alone or in combination.

When a recording layer containing a dye is pre-
pared, in addition to the above-mentioned dye, there
may be used resins such as nitrocellulose, ethyliceliu-
lose, acrylic resins, polystyrene resins, urethane resins
and the like, leveling agents, deforming agents and the
like in an amount which does not adversely affect the
effect of the present invention, for example, about 20 %
or less, preferably about 10 % or less.

Then, according to the present invention, a reflec-
tive layer is provided on the recording layer.

As the reflective layer on the recording layer, in usu- .
al, a metal thin film is preferably used.

Taking the playability of the medium of the present
invention by commercially available CD players into
consideration, the reflectivity of the medium is prefera-
bly 60 % or more. As preferable metals, there may be
mentioned aluminum, gold, silver, copper, platinum,
nickel and the like and alloys containing the metals as
mentioned above as a component or components. The
reflective layer made of the metal may be formed by va-
por deposition, sputtering and the like. In usual, the
thickness of reflective layer is preferably 500 - 2000 A.

When the substrate is a circle, the reflective layer
is formed such that at the inner peripheral portion the
recording layer protrudes in an annular form under the
reflective layer, and at the outer peripheral portion the
reflective layer extends over the recording layer, but the
exposed portion of the substrate remains at the outer-
most peripheral portion of the substrate.

In order to protect the metal reflective layer, a pro-
tective layer is formed on the reflective layer. As the pro-
tective layer, liquid resins are used. In particular, from
the standpoint of productivity, liquid resins curable by
ultraviolet ray irradiation are preferable. The thickness
of the protective layer is preferably about 1 - 15 ym,

vi ol et

| ayer (7) is of the
by wei ght or nore of the recording
6. The process according to claim5 in which the ultra-
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violet ray-curable liquid resin used for the protective | ayer is of the

ki nd capabl e of dissolving 1 % by wei ght or nore of the recording | ayer
(2). 7. The process according to claim®6 in which the sub- strate is
conposed of polycarbonate resins and in- .j ection-nol ded.

-11 -

The protective layer may be prepared by coating
with a liquid resin the area ranging from the region where
the recording layer is provided or from the region which
is inside of the inner peripheral portion of the recording
layer where the recording layer is not provided, to the
outermost peripheral portion of the substrate (a portion
where the substrate is exposed) over the outer periph-
ery of the reflective layer, and then the coated resin is
cured. The side wall 1' (in FIG. 4) of the substrate may
be covered with an overflowing protective layer 7 (in
FIG. 4).

For example, when a liquid resin capable of dissolv-
ing the recording layer is coated on the substrate having
a dent formed by a stamper fixing jig by a spin-coating
method, the liquid resin is dropped onto the outside of
said dent and then the substrate is rotated to coat the
whole surface, and the coated liquid resin is cured.

As a result of the above-mentioned coating proce-
dure, at the innermost peripheral portion the most por-.
tion of the recording layer protruding from the reflective
layer is dissolved away by the liquid resin and the pro-
tective layer is formed extending over both the recording
layer and the reflective layer.

On the other hand, with respect to the outer periph-
ery, there is provided an exposed substrate portion at
the outermost peripheral portion and thereby a protec-
tive layer can be formed extending over the recording
layer and the reflective layer.

Therefore, it is preferable that the liquid resin used =~
for forming the protective layer is of the kind capable of
dissolving 0.5 % by weight or more of the recording lay-
er, and more preferably, of the kind capable of dissolving
1 % by weight or more of the recording layer.

Further,"from the standpoint of the adhesion be-
tween the protective layer and the substrate, it is pref-
erable that the liquid resin used is of the kind capable

This is the replacement sheet

' Date: & 2 DEC 1997



-12 -

of dissolving at least 0.5 % by weight, more preferably
at least 1 % by weight of the substrate resin.

According to the present invention, the most part of
the recording layer protruding from the inner periphery
of the refiective layer can be dissolved away with the
liquid resin. It is not always necessary to completely dis-
solve away the protruding recording layer. In this inven-
tion, the liquid resin being capable of dissolving both the
substrate resin and the recording layer, the liquid resin
penetrates through the remaining recording layer to the
surface of the substrate, and the substrate is also dis-
solved with the liquid resin and thereby, the resin and
the substrate are mixed with each other so that the ad-
hesion between the protective layer and the substrate
is improved.

The optical recording medium of the present inven-

tion is irradiated with a laser beam through the substrate
to record or read out signals. The wavelength of the la-
ser beam used is, in usual, preferably 640 - 850 nm, and
a semiconductor laser having an oscillatory wavelength
of such range as above is preferable.
_For recording, the laser output is made about 5 - 12 mW
- on the recording layer 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 following examples illustrate the present inven- -
tion, but it is to be understood that they are given for the -
purpose of illustration and not limitation.

The dyes used in the following examples were pre-
pared according to EP-0337209 or EP-0373643.
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Example 1

A 3.5 weight % solution of a brominated (average
3.0 bromine atoms per molecule) Pd-tetra-(t-butyl-cy-
clohexyloxy) phthalocyanine dye in octane was dropped
onto an outside portion of a dent formed by stamper fix-
ing jig on the surface of an injection molded polycar-
bonate resin substrate (1.2 mm thick, 120 mm in outer
diameter and 15 mm in inner diameter) having a spiral
- groove (140 nm in depth, 0.5 um in width, 1.6 um in
pitch) and then the resin substrate was rotated at 1500
rpm for 10 sec. to form a recording layer.

Further, the substrate was rotated and then while
- rotating the substrate, octane was dropped onto the re-
cording layer of the outermost peripheral portion of the
substrate to remove the recording layer at the outermost
peripheral portion. Then the substrate having the re-
cording layer was dried at 40°C for 10 min. In such a
way, there was formed a recording layer substantially
composed of the phthalocyanine dye which ranged from
an outside portion of said dent (as to the inner peripheral
portion) to a portion which was by about 1.5 mm inside
from the outermost periphery of the substrate (as to the
outer peripheral portion).

On the recording layer thus formed was formed a-
gold thin layer of 80 nm thick as a reflective layer by
sputtering. The outer peripheral portion of the reflective
layer extended over the outer periphery of the recording S
layer, but no reflective layer was formed at the annular
region at the outer peripheral portion of about 1 mm = -
wide. )

The reflective layer was formed at an innermost pe-
ripheral portion such that the recording layer protruded
about 1 mm in width. '

An ultraviolet ray-curable resin (SD-17, trade name;
supplied by Dainihon Ink Co., about 35 cps) was coated
. atthe whole region outside of the dent by spin-coating.
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Then, the whole surface of the coated resin was ir-
radiated with uttraviolet ray (400 mJ) and cured to form
a protective layer. The thickness of the resulting protec-
tive layer was about 7 um.

When the ultraviolet ray-curable resin was coated,
the portion of the recording layer protruding from the in-
nermost reflective layer was brought into contact with

- and dissolved in the ultraviolet ray-curable resin, and
thereby an ultraviolet ray-curable resin in which a minute

- amount of the dye constituting the recording layer was
dissolved was coated on the reflective layer, and the

protective layer was formed extending over the record-
ing layer and the reflective layer.

Further, at the outermost peripheral portion the pro-
tective layer was formed extending over both the record-
ing fayer and the reflective layer.

When the inner peripheral portion and the outer pe-
ripheral portion of the medium thus produced were ob-
served from the substrate side and the protective layer
side by means of a microscope, at the outer peripheral
portion the reflective layer extended over the recording
layer by about 0.5 mm and the protective layer extended
over the reflective layer by about 1 mm, and thereby the
protective layer was formed up to the outermost periph-
ery of the substrate as shown in FIG. 4.

On the other hand, it was observed that at the inner
peripheral portion the reflective layer and the recording
layer were formed such that their inner ends were at
about the same position and the protective layer were
formed extending over both the recording layer and the
reflective layer by about 1 mm. as shown in FIG. 4.

In order to evaluate the adhesion of the protective
layer of the medium thus prepared, tape peeling tests
with an adhesive tape were conducted. No peeling of
the protective layer was observed.
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For durability tests, the medium was allowed to
stand for 2000 hours at 80°C and 90 % RH, and then
peeling tests were conducted. No peeling of the protec-
tive layer was observed. )

" Further, solubility of the dye and that of the sub-
strate resin in the uncured ultraviolet ray-curable resin
were measured. Each of them was dissolved in the ul-

traviolet ray-curabile resin in an amount of 1 % by weight
or more. '

Comparative Example 1

The procedure of Example 1 was repeated except
that a 3.5 weight % solution of a brominated (average
3.0 bromine atoms per molecule) Pd-tetra-(4-methyl-
pentan-2-oxy) phthalocyanine dye in octane was used

in place of the dye in. Example 1, and a medium was
produced.

The dye used in this medium was hardly soluble in . “

the ultraviolet ray-curable resin and the recording layer
at the innemmost peripheral portion could not be re-
moved, but remained such that the portion protruded
from the inner periphery of the reflective layer. There-
fore, at the innermost peripheral portion the protective

layer could not be formed extending over the recording’

layer. _
Tape peeling tests were conducted according to Ex-

ample 1. The protective layer was not peeled off at all, -
but after the humidity and heat resistance test, the out-

ermost peripheral portion did not peel, but the innermost

- peripheral portion peeled.
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Comparative Example 2

The procedure of Example 1 was repeated up to the
formation of a reflective layer. After the reflective layer
was formed, octane was dropped onto the inner periph-
eral portion while rotating the substrate so as to remove
the recording layer at the inner peripheral portion.

The recording layer protruding at the inner periph-
eral portion was removed, but wrinkles formed at the re-
flective layer. The wrinkles appeared to be attributable
to peeling of the reflective layer.

This indicates that it is difficult to remove the record-

ing layer protruding from the reflective layer with a sol-
vent.

Example 2

The procedure of Example 1 was repeated except
that a 3.2 wt. % solution of a brominated (average 3.5
bromine atoms per molecule) Pd-tetra-{2,4-dimethyil-
pentan-3-oxy) phthalocyanine dye was used in place of
the dye in Example 1, and a medium was produced.

The adhesion of the protective layer was evaluated.
No peeling was observed both before and after the du-
rability test. .

~ This dye was dissolved in the ultraviolet ray-curable
resin in an amount of 1 % by weight or more.
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Claims

1.

A process for producing an optical recording medi-
um comprising a transparent resin substrate (1), a
recording layer (2) overlying the substrate (1), a
metal reflective layer (5) overlying the recording lay-
er (2), and a protective layer (7) overlying the metal
reflective layer (5) comprising the following manu-
facturing steps:

(a) forming a recording layer (2) containing a
dye by spin-coating on the substrate (1);
(b) removing the recording layer (2) in the vicin-
ity of the outermos! peripheral portion (4) of the
substrate (1) to form a portion at the inside of
the outermost periphery (4) of the substrate (1)
where the surface of the substrate (1) is ex-
posed; ‘
(c) forming the metal reflective layer (6) on the
recording layer (2);
(d) coating a_protective layer (7) on the sub-
strate (1) bearing the recording layer (2) and
the metal reflective layer (5);
the process being characterized in that in step
(c), forming the metal reflective layer (6) on the
recording layer (2) is made such that the re-
cording layer (2) extends beyond the inner pe-
ripheral portion (6) of the metal reflective layer
~(5) whereas the metal reflective layer extends
beyond the recording layer (2) at the outer pe-
ripheral portion (4) thereot and a region having
no metal reflective layer.(5) is provided at the
outermost peripheral portion (4) of the sub-
‘strate (1); .
in step (d) coating on the substrate (1) bearing

__‘___—.____.—_——_—“——“_——_ ]
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the recording layer (2) and the metal reflective
layer (5) is made with a liquid resin capable of
dissolving the recording layer (2) from at least
the part of the recording layer (2) extending be- -
yond the inner peripheral portion of the metali
refiective layer (6) to the outermost peripheral
portion (4) of the substrate (1), thereby selec-
tively removing the portion of the recording lay-
er (2) extending beyond the inner peripheral
portion (6) of the metal reflective layer (5) from -
the surface of the substrate (1) by dissolution;
and

(e) curing the liquid resin whereby the thus-
formed protective layer (7) extends over and
beyond the metal reflective layer (5) and con-
tacts the substrate (1), both at the inner and the
outer peripheral portions of the substrate (1).

2. The process according to claim 1 in which the liquid
resin used for the protective layer is an ultraviolet
ray-curable resin.

3. The process according to claim 2 in which the liquid
resin is coated by spin-coating.

4. The process according to claim 2 in which, before
forming the reflective layer (5), a solvent is dropped
onto the outermost peripheral portion (4) of the sub-
strate (1) while rotating the substrate (1) to remove
the recording layer (2) at the outermost peripheral
portion (4), and thereby an exposed portion of the
substrate (1) is formed at the outermost peripheral
portion (4) in the annular form.
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5. The process according to claim 4 in which the ultra-
violet ray-curable liquid resin used for the protective
layer (7) is of the kind capable of dissolving 0.5%
by weight or more of the recording layer (2).

6. The process according to claim 5 in which the ultra-
violet ray-curable liquid resin used for the protective
layer is of the kind capable of dissolving 1% by
weight or more of the recording layer (2).

7. The process according to cléim 6 in which the sub- -
strate is composed of polycarbonate resins and in-
~ jection-molded.
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PROCESS FOR PRODUCING AN OPTICAL RECORDING MEDIUM

A3STRACT OF THE DISCLCSURE "

an ogtical recording medium comprises a substrats,
a recording layer overlying the substrate such Ehat the
recording layer is not present at tae inner aad outar
peripheral portions of the substrate; a meﬁal raflective
layer overlying the recording layer such that the inner
periphery of the metal reflective laye:x consists with
that of the recordiﬁq layeé'whiie the outer peripheral
portion of the reflective layer extends over thé outar
perphery of tﬁé recording layer, and a protective layer
wholly covering the metal reflective layer e#tending over
the recording layer both at the inner and ocuter peripheral
portions. The optical recording medium exhibits an ex-
cellent a&hesian strength of the protective layer even when
stood under high humidity and high temperature conditions
for a long period of time, and the protective layer is not

peeled off when subjected te a tape peeling test.
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