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1 Descriptidh OPTI CAL  RECORDI NG MEDI UM BACKGROLNR: OfgreiTHE

1 NVENT1 ON Fleld of the Invention The present invention relates to an
opti ¢al r ecordimg—edium*—and—nore particularly, to an optical recording

medi ym of a si capabl e of recording a l.arge vol une of
i nfofmati on an rcially avail abl e conpact disc players
whi ch conprlses yer eontai ning a dye, a reflective |ayer

overliying the r and
M/3641.9

TITLE OF THE INVENTION

OPTICAL RECORDING MEDIUM

BACKGROUND OF THE INVENTION

5 Field of the Invention

The present invention relates to an optical record-

ing medium, and more particularly, to an optical record-

RO

ing medium of a single plate type capable ofhrecording

a large volume of .information and playable by commercia- )
10 lly availaole compact disc players which comprises a re-

cording layer containing a dye, a reflective layer over-

lying the recording layer, and a protective layer overly-

ing the reflective layer.

Description of the Related Art

15 As ad information-oriented society has recently Qe-
veloped rapidly, optical recording mediums have been
widely utilized and researched which can make a re-
markably high density recording as compared with magne-

tic recording mediums.

20 As optical recording mediums, there are known a

‘read-only-medium in which—information has been recorded

in advance and only reproduction is possible, a writable
medium in which information can be recorded by users

and reproduced, and a rewrltable medlum in which infor-

25 mation can be recorded therein and the information thus
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a protective layer overlying the reflective layer. Description of the
Rel ated Art As an information-oriented society has recently devel oped

rapi diy, optical recording nedi ums have been wi dely utiF*ZEd—aﬁd—+eseaLched_

whi chj can make a remarkably high density recording as co qr wth

magnefic recordi ng nediuns. As optical recording nediuns, !
read- pnl y-nmedi umin which informati or Bas been recorded in nnly

reproduction is possible, a witable nediumin which infor
recorfded by users and

-

recorded can be reproduced or erased.

Amoné tﬁem[ the Qritable medium is generally in-
expensive and excellent in éﬁrébility as éoﬁpﬁred with
the rewritable medium. Therefore, the writable medium

5 haé beep widely used as a medium for storing a large
volume of data.

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

10 a éubstrate.

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

The pits are read 6ut with a laser beam which is

15 sufficienfly weaker than that used for fecording and
thereby the information can be reproduced.

Among the'optically writable mediums, there have
recently been develqped and spread some mediums capable
of readiﬁg out by COﬁmercially available-compact disc

20 (CD) players.

| The wrifable mediums- which.can be reproduced by CD
players are proposed in Optical Data étorage 1989 Techni-
cal Digest Se?ies Vol. 1, 45 (1989), E?'~ 353393 and .the

like. The mediums are of a single plate type comprising

25 a recording layer composed of an organic dye, a metal
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reﬁroduced and a rewitable mediumin which informati on can be recorded
therein and the information thus recorded can be reproduced or erased.
Anonc them the witable mediumis general l'y inexpensive and excellent in

duratlllfmggéaggﬂmggﬁ Wigt h the rewi- table nedium Therefore, the
mmitcble mndely used as a nediumfor storing a | arge vol une
of dqt iﬂn pkltable medi upp may have a netal |ayer of Te, Bi or
t he I|ke of cyani ne aygL pht hal o- cyani ne dyes or the |ike
as a recordlng,layer on a substrate. Information can be recorded in the
recorjding layer by irradiating a |aser beamto cause a physical or chem cal

reflective layer and a protective layer. However, a
cyanine dye i; used in the recording layer so that there
are probiems as to poor light resistance and poor heat
and humidity resistance.

5 Further, EP -~ 0373643 qiscloses a writable medium re-
produciblé by CD pléyers.and'having a recording layer
composed of a phthalocyanine dye. When a bhthalocyanine
dye, in particular, a phthalocyanine dye soluble in a
nonpolar solvent is used in a recording layer, the re-

10 ~ sulting medium is excellent in light resistance and
heat and humidity resistance, but there are some draw-
backs th&t under certain conditions good written (record-
ing) signai‘charactgristics are not obtained, when a
great nember of sheéts of each individual_medium has a

15 very small difference in recording signal characteristics;
and the recording seﬂsitivity of the medium is low.

For fqrming a recording layer containing:a dye of
the above-mentioned mediuﬁ, there is usually used a method
for coating -with an organic dye solution;: In particular,

20 - a spin-coating method is generélly used from the stand-
points.of éﬁéy film formaézon aﬁd'econémy.

However, ;here have-beén hardly investigated the

amount of a solvent remaining in a recording layer and

: drying conditions after forming the récording layer when

25 the fecording layer is formed by a cq;fing method.
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change (pits formation) in the layer. The pits are read out with a | aser
beam which is sufficiently weaker than that used for recording and thereby
the information can be reproduced. Anbng the optically

t here jhave recently been devel oped and spread sore nediu
readi out by commercially avail able gonpact disc (CD) pl
writabl e medi ums which can be reprodliced™by CD players: are

Optical Data Storage 1989. Tech- nical Digest Series Vol. r{y#
- 353393 and the like. The nediuns are of a S|ngle plate type conpri Si

able of

7q>

Japanese Patent Application Laid—épen No. Hei 2 -
16083 discloses that a solvated dye is used for a record-
ing layer. And a dye solvated with 0.01 - 5-%lby weight
of a polar solvent is preferable from the standpoints of
5 jitter and error rate. However, the medium is not pro-
vided with a reflective layér and a protective layer formed
on a dye recording film, and the medium concerns a cyanine’
type dye and a polar solvent. This Japanese.Patent Appli-
cation does not disclose a medium comprising a recording
10 layer composed of a nonpolar solvent-soluble phthalo-
cyanine dye, and a reflective layer and a protective layer
formed successively.on the recording layer.
" The present_invenﬁors have intensively made research

so as to solve the above-mentioned problems of writable

15 | medipm capable pf reading out by a commefcial CD player
which comprises a recording layer containing a nonpolar
solvent-soluble phthalocyanine dye, and a reflective layer
and a protective layer successively formed.oﬁ the recoxrding
layer. As a result,'it has_beén found that the amount

20, of a solvent remaiﬁing'in.the'recording layer of the

| ﬁediuﬁ has a.qonsiderable-effect~on the above-mentioned
problems, and the drying conditions afﬁer forming the
recording laYér is very important. Thué the present in-

vention has been completed.-

25
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recor di ngtayer—ctonposed of —an organic dye, a netal reflective |ayer and a

protective L ANl FQMB >y egocyanlne dye is used in the recording | ayer so

t hat

hum d
repro
pht ha
pht ha
| ayer
hum d
condi

there I

poor |ight resistamcé: and poor heat and
& ther, EP-0373643 disclosés a witable medi um
Huci bl e and havingha recording | ayer com posed of a
ocyani ne dye. \Wen a phthal ocyanime dye, in particular, a
ocyani ne dye soluble in a nonpolar solvent is used in a recording
the resulting nmediumis excellent in |ight resistance and heat and
ty resist- ance, but there are sonme drawbatks that under certain
i ons good witten (recording) signal characteristics are

SUMMARY OF THE INVENTION

ty res

An object of the presént invention is to provide
an optical recording medium ﬁ;ving an imprdvéd recording
sensitivity.

5 Another object of the present invention is to pro-
vide an sptical recording médium of an improved record-
ing signal characteristics such as jitter.

A further object of the present inventién is to
provide an optical recording medium in which each in-

10 dividual medium has a very small difference in quality
even when a great number of sheets of the optical re-~
- cording medium are produced.
- According to the present invéntion, there is provided
an opticql recording medium of a singie platé type which
15 comprises a substrate, a recording lﬁyer 6verlying the
substrate, a reflective layer overlying the recording
layef, and a protectivé layer overlying the reflective
layer, thé recbrding layer being produced. by coating a
nonpolar solvent-soluble substituted phthalocyanine dye
20 din a nonpalar solveﬁt, and iq'the.medium the content of
the nohpolar éolvént remaining in-the recording layer

being 5 % by weight or less.
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not obtained, when a great nunber of sheets of each individual nediumhas a
very small difference in recording signal characteristics: and the
recorfding sensitivity of the nediumis | ow. Further, EPH4LQ8HR pdi R&ES a

writaple nmedium having four |ayers of a substrate, a rec
conta ni ng a phthal ocyani ne dye, a rgflective | ayer and EB'HMEMI!’ayer
successively forned on the substrate.” And the reflectanc m and
C/ N rgtio after recording are provided. However, this European Patent
Applikation discloses nothing about details of the process for preparing
the nedi um Consequently, the nmediumi-s not always sufficient in the re-
cordijng characteristics such as jitter and error rate, and has a probl em

that jt is pREcCREPTOENCDP! HBY PREFFRREDAEMBODIMENTS

The structure of the optical recording medium of the

present invention may be fundamentally such fhat a record-
ing layer capable of forming a pit by absorbing a laser

beam is provided on a transparent substrate which, if

(V%

desired, has a pregroove (guide groove), and_g reflective

layer is provided on the recording layer so as to enhance’

the reflectivity and furthermore a protectivé layer is
formed on the reflective layer in order to protect the
10 recording layer and the reflective layer.

As a material for the substrate, there may be men-
tioned any material capable of transmitting substantially
a semiconductor iaser beam and usable for ordinary optical
recording mediums.

15. Exemplary suitable materials for the substrate in-
clude polymers such as polycarbonate resins, acrylic
resins, poiystyrene resins, polyvinyl chloride resins,
epoxy resins, polyester resins, amorphous_polYolefin
resins and the like, and inorganic materials such as-glass
20 and the like.

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

As the dye used for the recording layer of the present

25 invéntion; nonpolar solveht-soluble substituted phthalo;

A
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avai | abl e CD pl ayers. For forming a recording layer containing a dye of the

icular, a spin-coating nethod i-s generally
easy'filnlfornation and econony. However,
| gat ed the amount of a solvent remaining in a

above-nenti onﬁgs HM&“EM s usually used a nethod for coating with an

or ganijc dye sol
used firomt he ‘ul!!
t her e Jhave bee

recording layer and drying conditions’after forming the recording |ayer
when tthe recording layer is fornmed by a coating nethod. Japanese Patent
Appl i gation Laid-open No. Hei 2 - 16083 discloses that a solvated dye is

used ﬁor a recording

10

.15

20,

cyanine dyes are preferable from the séandpaints of match-
ing with ae oscillatory wavelength of semiconductor laser
and light resistance and humidity and heat résistance.

As the nonpolar solvent-soluble substituted phthalo-
cyanine dye used in the present invenfion, there may be

mentioned, for example, -

‘alkyl substituted phthalocyanine,

alkoxy substituted phthalocyanine,

alkylthio subetituted phthalocyanine,

trialkylsilyl substituted phthalocyanine,

halogenated phthalocyanine derived from the above-mentioned
substituted phthalocyanine,

and

the likei

Among them, alkoxy substituted phtﬁelocyanine, alkyl-
thio substituted phthalocyanine and halogenated phthalo-
cyanine derived from these substituted phthalocyanines
are preferable.

More particular substituted phthalqcyanine dyes as
described in the above-mentioned EP - 0337209 and EP -
0373643 are-pfeferable which are dincorprated by reference.

The spbstituted'phthalocyanine dyes may be Qsed
alone or in combination. '

The ﬁonpolar solvent, in pafticular, nonpolar organic

solvent used for dissolving the aboﬁe—mentioned dyes in
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| ayer. And a dye solvated with 0.01 - 5 % by weight of a polar solvent is
preferable fromthe standpoints of jitter and error rate. However, the
nmedi ymis not provided with a reflective |layer ahd—a protective Tayer

for msd on a dye recording film and the medi um conce ns etg}\ésa%{é XQe dye

and g polar solvent. This Japanese_ Pat ent Applicatio ose a
nediLnlconpr|S|ng a recording | ayer conposeéd of a non ol ubl e
pht hgl ocyani ne dye. and a reflective |layer and a prot r med
succgssively on the recording |ayer. . .

the present invention is not limited. In short, any non-
polar solvent..nay be gsed as far as it. can dissolve the
dye to be used and does not c3use a damage to the sub-
strate when applied thereto.

As a-substrate, there are usually used polycarbonate
fesin_suﬁstraﬁe, acrylic resin substrate and the like.
Taking this fact into consideration, a nonpolar organic
solvent having solubility parameter of less tﬁan 8.5
is preferaeie. |
0 When an organic solvent-haviﬁg solubility parameter
of 8.5 or ﬁore is used, in general, the recording posi-

tion can not be sufficiently controlled, and the error

rate of recording signal is bad.

Such drawbacks appear to be attributable to some

damages formed at grooves of the substrate while coating.

Solubility parameter mentioned in connection with

.the present invention is defined as follows:

= f(aH -RrT ) / v} %
where § is a solubility parameter, AH is a heat of va-

porization, and vl is a molar volume.
AH can be calculated by Hileebreqd rule using a boiling
.p01nt, and it is obtained by the follow1ng formula-
A Hygg =.23.7 Tb + 0.020 Th2? - 2950
where Tb is a boiling point. Therefore, the solubility

5 pParameter is the wvalue at 298°K.
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2 The present inventors have intensively nmade research so as to solve the
above-nenti oned problens of witable nedlun1capable of reading out by a

comenCi

ial CD player—which conprises a recording:layer containing a

nonpolj ar solvent soI Ie Hht hal ocyani ne dye. and a reflective layer and a
prote<t|v3n ver formed on the recordlng layer. As a result,

It has bee
| ayer {of t
probl ¢ns.

10

{ 15

20

25

e anount of- @ solvent remaining in the recording
consi derabl e effect on the above-nenti oned
and the drying conditions after form ng the recording |ayer is

Examples of solubility parametef determined by
Hildebrand rule are partly described in éetail, for ex-
ample, in "Yozai Handbook" (;olvent Handboei); pages 62-
63, edited by Teruzo Asahara, published by Kohdan Sha.

Calculation of solubility parameter by Hildebrand
rule is deecribed in J.H. ﬁildebrand, "Solubility of
Nonelectrolytes", 424 -427 .(1950), Reinhold Publishing
Co. :

Examples of ‘'organic solvents having a solubility
parameter of less than 8.5 used in the present invention
include:
saturated aliphatic hydrocarbons such as
pentane,
h-hexane,-
isohexane,
3-methylpentane,
neohexane,
2,3-dimethylbutane,
n-heptane,

Z—Qethylhexane,
3-me£hylhe%aﬁe, -
3-ethylpentane,
2,2-dimethylpentane,
2;3—dimethflpentane,
2,4-dimethylpentane,



very inportant. Thus the present invention has been conpleted. SUMVARY OF

ENTI ON An obj ect of the present invention is to provide anmoptieat———

ng medi um having an inproved recording sensi- tivity. t bj ect
present invention is to provide an optical recording THes) B Replaced
d recording signal characteris{pcs such as jitter. A Eg H ,r ’

present invention is to provide an optical recording
di vi dual medi um :

THE |
recor
of th
I npro
of th
each i
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15

“isomers of.heptene,

-

3,3-dimethylpentane,

2,2,3-trimethylbutane,

n—octane}'

isooctane;

other isomers of octane,
nonane,

isomers of nonane,
decane,

isomers of-decane,
uhdecane,

dodecane,

and the like ;
unsatirated aliphatic hydrocarbons such as
penteﬂe,' . :

hexene,

isomers of hexene,

hexadiene,

isomers of hexadiene,

hexatriene,

heptene,

heptadiene,
isomers of heptadiene,
heplatriene,

octene,
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has a very small diff in quality even when a great nunber of sheets
of the opTTﬁéT—TEEBFafﬁgnﬁialun1are produced. According to the present
i nvent i on gt BRkaTab Be acdbd an optical recording nedigmof a single plate
efﬂL bstrate a recording -layer overlying the -
y

typ mhlch

subsgrat e, mn! ayer overlying the recording 1ayer, and a
protgctive Ing the reflectiwve |ayer, the recording | ayer being
produced by coating a nonpol ar sol vent- sol ubl e substituted phthal ocyani ne
dye §n a nonpolar solvent. and in the nmediumthe content of the nonpol ar
sol vent remaining in the recording |ayer being 5-% by weight or |ess.

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
isomers of octene,
octadiene,
octatriene,
nonene,

5 nonadiene,
nonatriene,
decene,
undecene,
dodecene,

10 and the like ;
saturated alicyclic.hydrocarbons such as
cyclopenfhne,

.methylcyclopentanéf
dimethyicyclopentane,

15 ethylcyclopentane,
cyclohexane,
methylcyclohexane;
dimethylcyclohexane,
ethylcyclohexane,

§20 isopropylcyclohexane,

. cycldheptane; -~

cyclooctane,

and the liké ;

unsaturated alicyclic hydrocarbons such as

25 cyclopentene,
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The structure of the optical recording nmediumof the present invention may

be fundanental ly such that a recording | ayer capabl e of forniﬁﬁ“ﬁ‘ﬁTt“by-_ﬁﬁ\
absorbing a | aser beamis provided on_a t&anspafént.subStnamemmgggm;'f
desired, has a pregroove (guide groove), and a reflective |lay Hced
on the recording |ayer so as to enhance the reflectivity and ﬁ"w

protective layer is formed on the reflective | ayer inm order to

recording layer and the reflective layer. As a material for the substrate,

there may be nentioned any material capable of transmitting substantially a
sem iconductor |aser beam and usabl e :for ordinary optical recording

medi uns.
cyclopentadiene,

cyclohexene,
methylcycloﬁexene,
dimethylcyclohexene,

5 ethylcyclohexene,
cyclohexadiene,
methylcyclohexadiene,
cycloheptene,
and the like ;

10 terpene type hydrocarbons ;
linear ethers such as.
diethyl ether,
dipropyl ether,
diisopropyl ether,

15 dibutyl efher,
diisobutyl ether,
dipentyl ether,
aﬁd the like ;
trichlorotrifluoroethane,

20, propyl chloride;

| and the like. B
Among them, the above-mentioned saturated aliphatic

hydrocarbons;'unéaturéped alipyatic hydfocarbéns, saturated
alicyclic hYdrocarbons, unsaturated alicyclic hydrocarbons

25 and. linear ethers are preferable. In particular, among
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Exenpl ary—suitable materials for the substrate include polyners such as
pol yc rbonate resins. acryllc resins. pol - ystyrene resins, polyvinyl

chl orifde r& H% B&HNS. pol yester resins. anorphous pol yol efin
resing. and erials such as glass. If necessary, these

mat er §al s a substrate having a pregroove by neans of

I nj ecgion nDIdlng or nmet hod usi-ngd 3a phot opol yner.” As the dye used for

the r¢cording | ayer of the present invention, nonpolar solvent-sol uble

subst gt ut ed pht hal ocy- ani ne dyes are preferable fromthe standpoints of

mat ch ng with an oscillatory wavel engt h of sem canductor | aser and

these solvents, those having a boiling.point of 180°C

or less are mére preferable since those serxrve to form -
gasily a recording layer. Tﬁ;se.solvents mé; be used
alone or in combination.

5 According to the presept invention,.solvents having
a solubilitf parameter of 8.5 or more may be used in com-
bination Qith solvents having solubility parameter of

L less than 8.5.

For example, there may be used mixtures of the above- .

mentioned solvents héving a solubility parameter of less

10
than 8.5 and the following solvents having a solubility
parameter of 8.5 or more:
aromatic hydrocarbons sqcﬁ as
benzene, - |
15 toluene,
xylene,
ethylbenzene,

and the like ;

ester type solvents such as
20 ethyl.acetatg,

butyl acetéﬁe,

amyl acetate,

ethylene glyéol monoethyl ether acetate,

ané the like ; '

25 ketone type solvents such as




/’

| i ght resistance and hum dity and heat resistance. As the nonpolar
sol vent -sol ubl e substituted phthal ocyanine dye used in the present
there may be nmen- tioned,
al koxy substituted phthal ocyani ne.
ocyani ne. trial kylsilyl substitq}gd pht hal ocyani ne.

i nvent
pht hal
pht hal

i on,
ocyani ne,

10

15

20

25

acetone;

methyl ethyl ketone,
methyl isobutyl ketone,
cyclohexanone,
isophorone,

and the-like :

alcohol type solvents such as

ethyl alcohol,
propyl alcohol,
butyl alcohol,

amyl alcohol,

ethylene glycol monomethyl ether,

ethylene glycol monobutyl ether,

benzyl alcohol,

and the like ;
chloroform,

carbon tetrachloride,
methylene chloride,
methyl chloroform,
trichlene,
tetréchloroefhylene,
dichloroethylene,
dichloroethané,
tetrachloroethane,

tetrahydrofuran,

for exanple. al kyl .s een Replaced

al kyl t hi

i
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hélogenated pht hal ocyani ne derived fromthe above-nentioned substituted
.phthal ocyani ne. Among them al koxy substituted phthal ocyanine. alkylthio
subgy i t utrmsisiRBHABRE RepMcae and hal ogenat ed, phthal o cyanine derived from

t he suba ocyani nes are preferable. Mre particular

subgk i tut ngmnﬂum ne dyes as described in the above-nentioned EP -
0334209 a are preferabll.~ The substituted phthal ocyani ne dyes
may e used al one or in conbination. The nonpol ar solvent, in particular.
nondol ar organi c sol vent used for dissolving the above-nentioned dyes in

t he : : . )

dioxane,
diglyme,
dimethyl formamide,

and the like.

Naturally, in the above-mentioned case, "the solubi-

5
lity paraméter of the resuléing mixture solvent is to be
controlled to a value of less than 8.5 by adjusting the
ratio of the components of the mixture.
In the case where a mixture solvent is used in the
10 present invention, the solubility parameter of the mix-

ture may be defined by the sum of products each of which
is obtained by multiplying the volume fractién of a .
solyent by the solubility parameter o} the solvent.
That is,_éhe'value of s&lubility parameter (EW can be

15 calculated by the formula (1),

where V4, Vp, V3 ---- V, are respective volume fractions

of solvents in the mixture solvent, and. 51, 52, 53, ———-
20. ¢Sn are respective sblubility'parameters of solvents in

the mixtufe-solvent. - -~

The concentration of the above-mentioned dye solu-
tion in the present invention is usually 0.7 - 10 % by
weight, preferably 0.5 - 7 % by weight though it varies

25 depending on types of solvent and methods for forming

the recording f£ilm.
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present invention is not limted. In short, any non-polar solvent nmay be

used gs far as-it—ean—drssol.ve the dye to be used and does not cause a
darmagp to the substra e M@gn applied thereto. A$ig:substrate, there are

usual u§@ e resin substrate, acrylic resfn substrate and the
like. Takln to consi deration, a nonpol ar organic sol vent
havi n solu of Iess-th&n—8'5 Is preferable. Wien an organic

sol vept haV|ng solublllty paraneter of 8.5 or nore is used. in general, the
recorf@ling position can not be sufficiently controlled, and the error rate
of regording signal is bad. Such drawbacks appear- to-be attributable to
sone Blanages fornmed at grooves of the substrate while coating.

At this point, as far as the effect of the present
invention is ﬁot adversely affected, there may be added,
for exaﬁplé,_known aromatic 6; unsaturated éiiphatic
diamine type metal complexes, aromatic or unsaturated
aliphatic dlol type metal complexes, polymethine dyes,
squaryllum dyes, naphthoguinone type dyes, anthraqulnone

. dyes or the like in an amount of preferably 30 & by
weight or less, more preferably 20 % by weight or less.

When these. dyes are added, a solvent should be

Ko selected which can dissolve both the above-mentioned dye
and the nonpolar solvent-soluble substituted phthalo-
cyanine dye of the present invention.

According to the present invehtion, for purposes of

" enhancing smoothness of a recording layer upon fofming a
15 recording layer or diminishing defects sﬁch as pinhole

and the like, there ﬁay be added to a solution éf a sub-
stituted phthalocyanine dye of the pfésent inveﬁﬁion or,
if necessary, a solution of a sﬁbstituted phtgalocyanine
dye and the above-mentioned dye the following soluble

0 resin such as | |

nitroéelluIbsé,
ethyl cellulose,
acrylic resihs;
poiystyrene,

25 vinyl chloride-vinyl acetate copolymer,
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3 Solubility paraneter nentioned in connection with tThe: |nvent|on
is defined as follows: [err]= [([er]H - RT )/V[err]][ﬁ{r mhere [er
solubility paranmeter,[err]H is a heat of vaporlzailon 3am

nmol ar vol une.

10

15

20

25
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polyvinyl acetate,
polyvinyl but&ral,
polyestér resins,
and the like,
and addi?ives such as leveling agents, deforming agents
and the like. .

ﬁowever, Qhen unnecessariiy large amouqts of the
resin and the additive are added, reflectivity of the
recording layer is lowered and recording sensitivity be-

comes poor.

In view of such- fact as above, the amount of the

resin and the additive is usually less than 20 % by -

weight, preferably 10 % by weight or less, more pref-

erablf 5_%-by weight or less.

In other words, the total amount of the substituted
phthalocyénine dye aﬁd the above-mentioned dye capable
of being'used togéther with the substituted phthalocyanine
dye in the recording layer is.usuélly at‘leaét 80 % by
weight, preferably 920 - 100 -% by weight, more preferably
95 - 100 % by weight. '

fhe aﬁoée—mentioned components a#e formed into a
uniform layer on the. above-mentioned substrate tb ﬁorm a
recording layér. Upon forming .the rec&rding layer, the
tﬁicknesé of the recording layer is adjusted to obtain a

sufficient reflectivity after forming a reflective layer. .

L 4

a
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[er}&+++ﬁm%—be—ﬁa%cu+ated by Hi | debrand rul e uéing a boiling point, and it
IS obtained by th [ol]omﬁng formula: 2 [err]Herr] =23.7 Tb + 0.020

TTS is a boiling point. Therefore, the solubility

Th[ er Fyis Sh j 3
par arret‘ \ e at 298[err] K Exanpl es of sol ubility paraneter
determ

and rule are partly described in detail, for exanple,
in "Yozai Handbook" (Solvent Handbook). pages 62-63, -edited by Teruzo
Asahara. published by Kohdan Sha. cal'®il=ation of solubility paraneter by
Hi | debrand rule is described in J.H Hildebrand "Solubility of

Nonel ectrol yt ese".

-

In the p§eseﬁt invention, the recording layer may
be produced by a coating method such as spin coating,
dip coating, bar coating and the like. |
.Among them, spin coating is generaliy used. That is, a

3 substituted phthalocyanine dye is used as a main com-
ponent and dissolved in a nonpolar solvent to prepare a
coating soiution,'and the coating solution is applied
to the aSove—hentioned substrate and then dried to pro-
duce a recordingllayer.

10 : According to the present invention, the amount of
the solvent remaining in the recording layer of the
medium is 5 & by weight or less. 1In the case where the
amount of the remaining solvent exceeds 5 % by weight,
sufficient recording siénal characteristics are not ob-

15 tained, in particular, when a great number of sheets of
the medium, for exa&ple,_100 sheets or more, or 1000
sheets or more, are produced, each individual medium has
a very small difference in the recording signal character;
istics, that is, the characteristics can-not be stably

20 obtained, and furthermore, tﬁe.recordiné sensitivity be-
comes poor.-.The lower liﬁzt of the égpcentration is not
particularly determined. However, from the standpoint
of the producivity, -the concentration is preferably 0.05
%.by weight or more.

25 ' The concentration of the feméining solvent may be

made 5 % by weight or less by forming the recording layer



424 -427 (1950), Reinhold Publishing Co. Exanples of organic solvents
havi ng a Sﬁliéﬁ%ﬁéthﬁs\BeﬂﬁRéﬁﬁfder of less than 8.5 used in the present

i nvention i ed al’iphatic hydrocarbons:such: as pent ane,
n- hexane, |$ﬂ mﬂ

[ hyl pent ane,
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and then drying it. The temperature for drying may ke
room temﬁerature or an elevated temperature higher than
room temperature. - C-

The drying time and drying temperature are preferaply

5 such that T x t% (T: temperature, °C and t: time, houy)
is preferably 50 or more, more preferably 100 or more,

The upper limit of T x t% is not particularly determined'
but from the standpoint of the productivity,.T x t¥ is
preferably 300 or less.

10 Further, the drying temperature is 50°C or more g
preferably-60°c or more in view of the prgductivity Of the
medium and stability of the recording characteristicg,

The drying temperature is preferably 100°C or lower
taking the heat resistance of the substréte into consjg.-

15 eration.

When the recording layer is dried at a temperatyye
of 50°C or higher, the stress remaining in the substyate
and thé rebording layer appearé to be re;axed'and there_
fore, the better results of the present invention ars

20 exhibited more remarkably. |

The drying time may Eg ﬁsually from about 15 minytes
to 25 hours. On the other hana, the pressure upon dEying
may be atmospheric presgure or reduced pressure.

The .recording sensitivity._in thé present inventjion

25 means the optimum recording péwer, When an FEM (eight-
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fourteen modulation) signal is recorded, then read out,
and the upper.end and the lower end of the amplitude of

the AC éoupled HF signal thus read out are designated by

A, and Ay respectively, the recording sensitivity is
5 the recording power at /3 = 0.04 where B = (A7 - Ap) /

In general, the recording sensitivity is related to
the speed of formation of pits. For example, when the
solvent remains -in the recordiﬁg layer, the melting tem-

10 péréture df_the dye is lowered and the heat decomposi-
tion temperature is lowered, the recording sensitivity
becomes good.

However, accdrding to the defini;ion-of "recording
sensitivity" of the present inveﬁtion, the reéording

15 sensitivity varies depending on the manner of formation
of 9 kinds of pits, in particular, formation of ‘the
longest pit and the shortest pit. Therefore, lowering
of the melting temperature and lowering of the decomposi-
tion temperature of the dye do not always result in im-

20. proving the'recordiné sensitivity.

To meééﬁre the amount of the'remaining solvept_of
the medium, thg reflective layer and protective layer
are removed énd the remaining solvent in the recording:
lafer is extracted with éhother éolveht or evaporated

25 out by heating in a closed system énd_fhen, tﬁe amount

of it is measured by gas-thomatography.
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trinethyl but ane—n-octane, isooctane, other isoners of octane,
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Further,‘the amount of the remaining solvent may
be detegm;ned by measuring the weight loss of the re-
cording layer, or by measufing the absorbance ratio of
the solvent in the layer by infrared spectroscopy.

According to the present invention, an undercoating
layer of various types may be formed between the record-
ing-layér and the substrate so as to improve a fesistahce
to a coating solvent and prevent.the deterioration of the

recording layer.

Examplary suitable materials for the undercoating
lager include high polymers such as polycarbonate, poly
(methyl ﬁethacrylate), polystyrene and the like, and - in-
organic substances such as Sioé, Sn0y, Al,y03, AlN and the“
like. Thése may be used alone or in combination. 1In '
addition, the'undercoaging layer may have a multi-layer
structure éomposed of two or more layers. .

Accbrding to the present -invention, afteﬁ the forma-
tion of the recording layer, a reflective layer is formed
on said recording l;yer.

As the reflective layer, there is used, for example,
a thin film of a metal such as Au, Ag, Al, Pt, Cu and the
like, or a_ thin film of -an oxide of such metais és above.
The metal ﬁaf be an alloy containing one or more of these

metals.

Further, in addition to the above-mentioned metals,

A ]
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other metals such as Cr, Ni, Si, Ge, Pb, P4, Sn, Sb and

the like may be used as auxiliary component.

For forming the reflective layer, there may be usually

used vacuum vapor deposition, sputtering, ion plating and

the like. 'The thickness of the reflective layer is usually
about 20 - 200 nm,

For the purpose of improving reflectivity or adhesion
between the fecording layer and the reflective layer, there-
may be provided an intermediate layer bétween the recording
10 layer and the reflective layer.

Exemplary suitable materials for the intermediate
layer include high polymers such as polycarbonate, poly
(methyl methacrylate), polystyrene and the-like; inorga-
nic substrances such as $i0j, Snoz,'A1203, AlN and the

15 like; and silane coupling agents and the like.

These matérials may be used alone or in combination.

“The intermediate layer may have a multi-layer structure

composed of two or more layers.

According to the present invention, a protective

20 . layer is formed on tﬁe above-méntidned reflective layer.
The prétectivéllayer may b€ any kind of protective layer
as far as ié can protect the recording layer and fhe re-
flective layef.. For example, the protecéive layer may’
be composed of a high polymer material such as polfcarbq—

25 nate, acrylic resins, polystyrene, polyvinyl chloride,
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epoxy resins, polyester and the like; and inorganic sub-

stances such aé 8i0,, Al,03, AlN and the like.

Among fhem, an ultraviolet light-curable acrylic
resin or expoxy resin is preferable since it can be
easily formed into a protective layer.

These materials may be ﬁsed alone or in combination.
Further, the protective layer may have a multi-layer
structure composed of two or more layers. The thickness
of the protective layer is ﬁéually.about 2 - 20 pm.
Printing may be made on the protéctive layer of the opti-
cal recorﬁing medium.of the presenht invention.

According to the present invention,.the optical re-
cording medium exhibits an improved recording sensitivity
and impro;ed recqrding signal characteristics such as

jitter and the like.



I somers of heptene. heptadiene. isoners of heptadi ene, heplatriene. octene.

i soners of octene, octadi ene.

e e e mam—n s o s e

10

s Sheet Has Been Reflaced

HIIIIlIIIIlIHIIIlII |

The present invention is explained in detail referr-
ing to examples in the following, but the embodiments of
the present invention should not be construed as limited

by the examples.

Example 1

A 2 weight % solution ofla brominated (average 4.2
bromine atohs per molecule) Pd—tetra-(1,2-diméthylpropoxy)—
phthalocyanine dye in n-hexane was dropped_onto'an in-
jection molded polycarbonate res;n substrate having a
groove (120-nm in depth, 0.5 pm in width, 1.6 pm in pitch)
in a spiral form of 1.2 mm thick and 120 mm in diameter..

Then the resin substrate was rotated at a speed of 1100

rpm for 20 sec.

.Unde;'the same conditions as above, a coated substrate
was prepar;d and the solvent content in the dye of the
coated substrate was quantitatively analyzed and it was
found that the solvent content was 10 % by weight. The
analysis was effected by peeling off the de, dissolving
the dye thus peeled in toluene and then effecting gas
chromatography. ' --

The above-mentioned coated substrate was dried with
a hot wind at 80°cC for.10-hours.(T x t% = 253) to form
a recording layer. . '

A thin gold film of 120 nm thick was formed on the
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nonene. nonadi ene. nonatri ene. decene.
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recording iayer as a reflective layer by sputtering and
then an ultraviolet light cured resin layer of 3 pm thick
was formed as a protective laéér to produce a‘medium.

The protective layer and the reflective layer were
peeled off and the amount of the solvent remaining in the
fecordiné layer was measuredlby chromatography. It was
1.2 % by weight. |

EFM modulation signals were recorded on fhe result-
ing optical recording medium by means of an optical re-

cording apparatus with an optical head carrying a semi-

conductor laser having an oscillatory wavelength of 780 nm

~at linear.speed of 1.4 m/sec with a variable recording
; laser power, and an optimum recording power (recording

sensitivity) was determined.

Further, according to the same method as above, 100

sheets of the medium were produced, and signals were simi-

‘larly recorded on the sheets of the medium. Then the re-

"corded signals were read out at a laser output of 1 mW,

and average values of jitter and the standard deviation
of the 100 sheets were determined.

Table 1 shows the resuit.

Example 2

The procedure of Example 1 was repeated except that
. 4
dimethylcyclohexane was used in place of n-hexane and

drying was carried out at 25°C for two days (T x t%)'=



undecene,
nmet hyl cycl opent ane. di net hyl cycl opent ane.

10

15

20

25

dodecene: saturated alicyclic hydrocarbons such as cycl cpent ane.

»

Sheet Has Been R

SR

173, and the resulting optical recording medium was

evaluated.

The result is shown in Table 1. The solvent remained
in an amount of 12 % by weight in the recording layer be-

fore drying, but after forming the protective layer, the

solvent decreased to 3 % by weight.’

Example 3

The procedure of Example 1 was repeated excgpt that
a mixture solvent of 95 % by weight of methylcyclohexane
and 5 % bf weight of dioxane (the Sp value is still less
_than.8.5 and it can be regarded as a nonpolar solvent)
was used in. place of n-hexane and vacuum drying was con-
ducted at 60°C for 5 hours (T x tZ = 134), and the result-
ing opticél recording medium was evaluated. '

Table 1 shows the result. Further, before drying,

15 % by weight of the solvent remained in the recording

layer, but after forming a protective layer, it decreased

to 1.5 % by weight.

Comparative Example 1 -

The procedure of Example 1 was repéated except that
the reflective layer and the protective layer were formed
immediately after forming the recording layer by coating

without drying, and a medium wés_produced. The concent-

laced
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ration of the solvent remaining in the recording layer
of the medium wes 7 % by weight.

The evalﬁation of the medzem was made in a manner
similar to Example 1. Table 1 shows the result. This

indicates that when the concentration of the solvent

[*1Y

remaining in the recording layer exceeds 5 % by weight,

the purpose of the present invention can not be attained.

Comparative Example 2

10 The procedure of Example 2 was repeated except that,
after the recording layer was formed, the drying was ef-

1
fected under the conditions of 25°C and 2 hours (T x i£2

.= 35) and then the reflective layer and the protective
layer were formed, and ; medium was produced. '
15 The concentration of the solvent rémaining in the
recording layer was 6.5 % by weight. The evaluation was
effected in a manner similar to Example 1. -The result

is shown in Table 1.

20 - comparative Example 3

The procedure of Example 3 was repeated except that,

after the recordlng layer was formed, drylng was effected

at 60°C for 30 min. (T x ti = 42) and then the reflective
layer and the protective layer were formed, and a medium

25 was produced.



,’

cjblooctane unsaturated alicyclic hydrocarbons such as cycl cpent ene.

cycl opent attene—cycl chexene. net hyl cycl ohexene.

T

- 28 -

1. The result is shown in Table 1.

. Table 1

dinethylcyclohexene,

The concentration of the solvent remaining in the
recording layer of the medium was 5.5 % by weight. The

evaluation was conducted in a manner similai “to Example

Jitter (ns)

No. Optimum Recording
) Standard

Power (mW) Average devidtion
Example 1 6.8 18 2
Eiample 2 7.0 22 3
Example 3 6.5 .16 2
Comparative
Example 1 8.5 43 15~
Comparative
Example 2 8.2 39 12
Comparative
Example 3 7.8 35 8
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WHAT IS CLAIMED IS:

1. An optical recording medium of a single plate
type which comprises a substr;te, a recordiug-leyer over-
lying the'substrete, a reflective layer overlying the

S recording layer, and a protective layer overlying the
reflective layer, the recording layer being produced by
coating a nonpolar solvent-soluble substituted phthalo-
cyanine dye in a nonpolar solvent, and in the'medium the
content of the nonpolar solvent remaining in the recording

10 layer being 5 % by weight or less.

2. The optical recording medium according to claim

1 in which solubility parameter of the nonpolar solvent

. is less than 8.5.

15
3. The optlcal recordlng medium accordlng to claim
2 in which after coatlng the recording layer, the record-
ing layer is dried under the conditions of (temperature,
°C) x (time, hour)% being 50 or more and then, the re-
20 . flective layer and the protective layer are formed.
4. The optical recording medium accordlng to claim
3 in whlch the drylng temperature is 50. - 100°C.
5 25 ‘5. The optical recording medium according to claim

3 in which the drying is effected under the conditions- ofu

© e AP -

(temperature, °C) x (tlme, hour)% belng 100 or more.
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/gLN%epropyI ether, dibutyl ether. diisobutyl ether, dipentyl ether:
trlchlorotrlfluoroethane propyl chloride:"Anong them the above-nentioned
saturated aliphatic hydrocarbons. unsaturated aliphatic hydrocarbons, satyu-
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ABSTRACT OF THE DISCLOSURE

. An obtiéai recording medium of a single plate type
comprises a substrate, a recogéing layer ovériying the
substrate, a reflective layer overlying the recording

5 layer, énd a p?otective layer overlying the reflective
layer, the recording layer being produced by coating a
nonpolar solvent-soluble substituted phthalocyanine dye
in a nonpolar solvent, and in the medium thé content of

the nonpolar solvent remaining in the recording layer

10 being 5 % by weight or less.

. . - !

25
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rated alicyclic hydrocarbons. unsaturated alicyclic hydrocar bons™and Pnear
“ethers are preferable. In particular, anong these solvents, those having a
b0|llng poi nt of 180[err]C or less are nore preferable since those serve to
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o o 100EC 66 | |
BACKGROUND OF THE INVENTION

Field of the Invention | s

The present invention relates to an optical record—
ing medium, and more éarticularly, to an optical record-
ing medium of a single plate type capable of;reco:ding
a large volume of .information and playgble by commercia-
1ly available compact disc players which comprises a re-
cording layer contaznlng a dye, a reflective layer over-
lying the. recording layer, and a proteclee layer overly-
ing the reflective layer.

Descrlptlon of the Related Art

As an information-oriented soc1ety has recently de-~
veloped rapidly, optical recording mediums have been
widely utilized and researched which can make a re-
markably high density récording as compared with magne-
tic recording'hediums.

As optical recbrding_mediums, there are known a
.read-only-medium in which—information has been recorded
in advance and only reproduction ié possible, a writable
medium in which information can be recorded by users
and reproduced, and a rewrltable ‘medium in which infor-

mation can be recorded therein and the information thus

7 "i‘l s
Fa IR 1
L
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aromati ¢ hydrocarbons such as benzene, toluene. xylene. ethyl benzene: ester

type solvents such as ethyl acetate,
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recorded can be reproduced or erased.

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

The optically writable medium may have a metal layer
of Te, Bi or the like or a dye layer of cyaﬁine dyes,
phthalocyanihe dyes or the like as a recording layer on
a éubstrate.

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

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

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

The writable mediums- which can be reproduced by CD
.players are proposea iﬁ Optical Data Storage 1989 Techni-
cal Digest Series Vol. 1, 45 (1989), EP - 353393 and -the
like. The mediums are of a single plate type comprising

a recording layer composed of an organic dye, a metal

LA



but yl acetaté, anyl acetate, ethylene egcoI
ket one type solvents such as acetone. nethyl

Retone, —™/—oo___ - _
This Sheet H; ' sl 10 DEC 1996 ‘l ‘

LT ——

reflective layer and a protective layer. However, a

¥ ‘_Wﬂm w

cyanine dye is used in the recording layexr so that there

are problems as to poor light resistance and poor heat

and humidity resistance.

Further, EP - 0373643 discloses a writable medium re-
producible by CD players and having a recording layer
composed of a phthalocyanine dye. When a éhthalocyanine
dye, in particular, a phth;locyanine dye soluble in a
nonpolar solvent is used in a recording layer, the re-
sulting medium is excellent in light resistance and
heat and humidity resistance, but there are some draw-
backs that under cértain conditions good written tredbrd;
ing) signal characteristics are not obtained, when a
great nember of sheéts of each individual_medium has a
very small difference in recording signal characteristics;
and the recording sensitivity of the medium is lbw}

For forming a recording layer containing a dye of
the above-mentioned medium, there is usually used a method
for coating with an_organic dye solution.’ In particular,
a spin-coating method is generglly used from the stand-
point§ of easy film formation and econémy.

However, there have beén hardly invéstigated the
amount of a solvent remaining in a recording layer and
drying conditions after forming the récording layer when

the recording layer is formed by a coating method.
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Japanesé Patent Application Laid-open No. Hei 2 -
16083 discloses that a solvated dye is used for a record-
ing layer. And a dye solvated with 0.01 - 5 % by weight
of a polar solvent is preferable from the standpoints of
jitter and error rate. However,'the medium is not pro-
vided with a reflective layér and a protective layer formed
on a dye recording film, and the medium concerns a cyanine
type dye and $ polar solvent. This Japanese Patent Appli-
cation does not disclose a medium comprising a recording
layer composed of a nonpolar solvent-soluble phthalo-
cyanine dye, and a reflective layer and a protective layer
formed successively.on the recording layer.

The present inventors have intensiveiy made research
so as to solve the above—menﬁiohed problems of writable
medium capable of reading out by a commefcial CD player
which compfises a recording layer containing a nonpolar
solvent-soluble phthalocyanine dye, and a reflective layer
and a protective layer successively formed on the recording
layer. As a result, it has_beén found that the amount
of a solvent remaining in the recording layer of the
ﬁedium has a considerable-effect -on the above-mentioned.
problems, and the drying conditions after forming the
recording layer is very impqrtant. Thus the present in-

vention has been completed.

This Sheet Has Been RT
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SUMMARY OF THE INVENTION

An object of the present invention is to provide
an optical recording medium having an improved recording
sensitivity.u

Another obﬁéct of the present invention is to pro-
Qide an thical recording médium of an improved record-

. ing signal charactgristics such as jitter.

A further object of the present inventién is to
provide an -optical recording medium in which each in-
dividual medium has a very small difference in quality
even when a great nﬁmber of sheets of the optical re-
cording medium are produced. |

'According to the present invention, there is provided
an optical recording medium of a siﬁgle plate type which
comprises a substrate, a recording layer overlying the
substrate, a reflective layer overlying the recording
layer, and a protective layer oveflying the reflective
layer, the recording layer being produced.by coating a
nonpolar solvent-soluble substituted phthalocyanine dye
in a nonpolar solveﬁt, and in the medium the content of

the nonpolar solvent remaining in.the recording layer

being 5 % by weight or'less.

—_—
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carbon tetrachl oride, nmethylene chloride, trichlene. tetrachloroethylene
di chor oet hyl ene, di chl oroethane, tetrachloroethane, _

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The structure of the opticel recording medium of the

present invention may be'fundamentally such’ that a_record
in§ layer capable of forming a pit by absorbing a laser
beam is provided on a transparent substrete thch, if
desired, has a pregroove (guide groove), and a reflective
layer is provided on the fecording layer so as to enhance’

- the reflectivity and furthermore a protective layer is
formed on the reflective layer in order to protect the
recording layer and the reflective layer.

As a material for the substrate, there may be men-
tioned any material capable of transmitting substantially
a semiconductor laser beam and usable for ordinary optical
recording mediums.

_Exeﬁflary suitable materials for the substrate in-
clude polymers such as polycarbonate resins, acrylic
resins, polystyrene resins, polyvinyl chloride resins,
epoxy resins, polyester resins, amorphous polyolefin
resins and the like, and inorganic ﬁaterials such as glass
and the like. |

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

As the dye used for the recording layer of the present

invention; nonpolar solvent-soluble substituted phthalo;
—_— .
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ietrahydrofuran, di oxane. diglyne. di net hyl  f or-sei hbtu¢alh¥ I n the

above- mentioned case, the solubility paraneter ﬁEPhM@EﬂE@G1§Eb

m xture

solvent is to be controlled to a value of |ess us ing the
ratio of the conponents of the m xture. In the ca Qﬁ%ﬁﬁﬁg m kture sol vent
Is used in the present invention, the 3okubilify]par %f [ hg m xture

cyanine dyes are preferable from the standpoints of match-

- ing with an oscillatory wavelength of semiconductor laser

and light'resistance and humidity and heat resistance.
'As the nonpolar solvent-soluble substituted phthalo?
cyanine dye used in the_presenf invention, there may be

mentioned, for example,

‘alkyl substituted phthalocyanine,

alkoxy substituted phthalocyanine,

'alkylthio'substituted phthalocyanine,

trialkylsilyl_substituted phthalocyanine,

halogénatgd phthalocyanine derived from the above—méntioned
substituted phthalocyanine,

and

the likei

Among them, alkoxy substituted phthélocyénine, alkyl-

"thio substituted phthalocyanine and halogenated phthalo-

cyanine derived from these sﬁbstituted phthalocyanines
are preferable.

More particular substitutéd phthalocyénine dyes as
described in the above-mentiohed EP - 0337209 and EP -
03f3643 afe-preferable which Are incorprated by reference.

The substithtedJph;hélocyanine dyes may be used
alone or in combination.

The nonpolar solvént, in particular, nonpolar organic

solvent used for dissolving the above-mentioned dyes in

This Sheet Has Been Rzﬂlaced
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be defined by the sum of products each of which is obtained by nultlplylng
the volune fraction of a solvent by the solfff"t, MELEreDf the sol vent
That is, the value of solubility parameter - | REPIA fT!

formula (1), [err] =V[err] + V[err] +V[err- f
(1) where Vjerr], V[err], Verr] -=— rerr]' of une fractions
of solvents in the m xture sol vent, and [erl] ol ubi ity
parameters of solvents in the m xture sol veft atll on of the
above- nenti oned dye solutlon in the presentllnventlon IS usud ly 0.1 -10 %
by weight. preferably 0.5 - 7 % by weight though it varies dependi ng on

types of solyent and,¥etRodsiYn Y WY 1A F&EOT GGt any non-

polar solvent.iay be used as far as it. can dissolve the

ul ated by the

dye to be used and does not cause a damage to the sub-
" strate when applied thereto.

As a substraﬁe, there are usually used polycarbonate
resin substrate, acrylid resin substrate_and thg like.
Taking this.fact into consideratioh, a nﬁnpolar oxganic
solvent having solubility pafameter of less tﬁan 8.5
is preferable. .

When an organic ‘solvent having solubility parameter
of 8.5 or more is used, in general the recordlng posi-
tion can not be sufficiently controlled, and the error
rate of recording signal is bad.

Such drawbacks appear to be attributable to some

~ damages formed at grooves of the substrate while coating.

Solubility parameter mentioned in connection with
the present invention is deflned as follow3°

| = {(am -rT) /VE} 3
vhere 8 is a solubility parameter, AH is a heat of va-

porization, and VL is a molar volume.

AH can be calculated by Hildebrand rule using a boiling

point, and it is obtained by the following formula: ‘
A Hyge = 23.7 Tb + 0.020 Th2 - 2950

where Tb is a boiling point.. Therefore, the solubility

parameter is the value at 298°K.
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At this point, as far as the effect of the present invention is not
adversely affected, there may be added, for exanple. known aromatic or
unsaturated aliphatic diam ne type nmetal conpl exes, aromatic or unsaturated
aliphatic diol type netal conplexes. polynethine dyes, squaryliumdyes,
napht hoqui none type dyes. anthraqui none,dyes or the |like in an anount of
preferably 30 % by weight or less, nore’ preferably 20 % by wei ght or |ess.
When these dyes are added, a solvent should be sel ected which can dissol ve
bot h the above-nenti oned dye and t he nonpol ar sol vent -sol ubl e substituted
pht hal ocyani ne dye of the present invention. According to the present

i nvention, for purposes of enhancing snoot hness of a recording | ayer upon

form ng a. Examples of solubility parameter determined by
Hildebrand rule are partl}'described in detail, fdr ex-
ample, in "Yozai Handbook" (Solvent Handbook), pages 62~
63,_editea by Teruzo Asahara, published by Kohdan Sha.
Calculation of solubility parameter by Hildebrand
'rule is described in J.H. Hildebrand, "Sblubility of
Nonelectrolytes”, 424 -427 (1950), Reinhold Publishing
_Co. | |
Examﬁles of ‘organic solvents having'a solubility
parametef of less than 8.5 used in the present invention
include:
. saturated aliphatic hydrocarbons such as
pentane, |
ﬁ-hexane,

isohexane,

3-methylpentane,

REPLACEMENT SHEET|

2,3-dimethylbutane, 10DEC 199

neochexane,

n-heptane,

2-methylhexane,
3-methylhexane,
3-ethylpentane,
2,2-dimethylpentane,

2,3-dimethylpentane;

2,4-dimethylpentane,
' | This Sheet Has Been R
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recording |layer or dimnishing detects such as pinhole and the like, there
may be added to a solution of a substituted phthal ocyani ne dye of the
present invention or, if necessary, a solution of a substitut.ed

pht hal ocyani ne dye and t he above-nentioned dye the foIIomnggﬂgngpLe resin
such as nltrocellulose et hyl ceIIqus%0 acrylic rEstRSraRREND ST,

10VEC 1996

3,37dimethflpentane,
2,2,3-trimethylbutane,
n—octane}

isooctane,

other isomers of octane,
nonane,

isomers of nonane,
decane,

isomers of decane,
undecane,

dodecane,

and the like ;
unsaturatéd aliphatic hydrocarbons such as
pentene, '

hexene,

isomers of hexene,

hexadiene,

isomers of hexadiene,

hexatriene,

heptene,

isomers of.heptene,

heptadiene,

isomers of heptadiene,

heplatriene,

octene, _
This Sheet Has Been Rerlaced
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vinyl chloride-vinyl acetate copolynmer, polyvinyl acetate, polyvinyl

butyral.

agents.

However ,

pol yester resins, and additives such as |eveling agents.
when unnecessarily larre anounts of the resin and the

def or m ng

additive are added, reflectivity of the recording Iayer is |lowered and

recording sensitivity becones poor.

- 11 =

isomers of octene,

octadiene, |
octatriene,

nonene,

nonadiene, . et somen.
nonatriéne,

decene,

undecene,

dodecene,

and the-like ;

saturated alicyclic.hydrocarbons such as

cyclopentane,

methylcyclopentane,

dimethyicyélopentane,
ethylcyc;opentane,
cyclohexane,
methylcyclohexane,
dimethylcyclohexane,
ethylcyclohexane,
isopropylcyclohexane,
cycldheptane,
cyclooctane, x,
and the like ;

unsaturated alicyclic hydrocarbons such as

i

cyclopentene,



el .

In view of such fact as above, the amount of the resin and the additive is
usual ly less than 20% by wei ght. preferably 10 % by wei ght or |ess, nore
preferably 5 % by weight or less. In other words, the total anmount of the
substituted phthal ocyani ne dye and the above-nenti oned dye capabl e of being
used together with the substituted phthal ocyanine dye in the recording

| ayer is usually at |east 80 % by wei-gh®, preferably 90 - 100 % by wei ght,
nore preferably 95 - 100 % by wei ght. The above-nenti oned conponents are
formed into a uniformlayer on the above-nentioned substrate to forma

cyclopentadiene,

cyclohexene,

methylcyclohexene,

dimethylcyclohexene,

ethylcyclohexene,

cyclohexadiene,

methylcyclohexadiene,
cycloheptene,
and the like ;
terpene type hydrocarbons ;
linear ethers such as
diethyl ether,
dipropyl ethér{
diisopro?yl ether,
dibutyl ether,
diisobutyl ether,
-dipéntyl ether,
and the like ;
trichlorotrifluorocethane,
propyi chloride,
and the like.
Among them, the above-mentioned saturated aliphatic
hydrocarbons;'unsa#uraged aliphatic hgdrocarbons, satprated

alicyclic hydrocarbons, unsaturated alicyclic hydrocarbons

and. linear ethers are preferable. In particular, among

ThlS Sheet Has Been Reﬁ
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6 recording layer. Upon form ng the recording |ayer, the thickness of the
recording layer is adjusted to obtain a sufficient reflectivity alter
forming a reflective layer. In the present invention, the recording |ayer

may be produced by a coating nethod such as spin coating, dip coating. bar
coati ng. ' - 13 -

these solvents, those having a boiling point of 180°C
or less are-mére preferablé since those serve to form
easily a recording 1éyer. These solvents méy be used.
alone or in.combination.

According to the presept invention,'solvents having
a solubilitf‘parameter of 8.5 or more may be used in com-

bination with solvents having solubility parameter of

less than 8.5.

For example, there may be used mixtiures of the above-
mentioned solvents having a solubility parameter of leés

than 8.5 and the following solvents having a solubility
parameter of 8.5 or more:

aromatic hydrocarbons such as

benzene, -
toluene, REPLACEMENT SHEET
xylene '

S 10DFr 1996
ethylbenzene,
and the like ; ' st i e e

ester type solvents such.as
ethyl.acetatg,

butyl acetéte,

émyl acetate,

ethylene glycol monoethyi ether acetate,

and the like ;
—_—
‘This Sheet Has B,
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ketone type solvents such as



Anong them spin coating is generally used. That is, a substituted

pht hal ocyani ne dye is used as a mai n conponent and di ssolved in a nonpol.ar
solvent to prepare a coating solution, and the coating solution is applied
to the above- nentioned substrate and then dried to produce a recording

| ayer According to the present inventienl4tkhe anmount of the sol vent
remaining in the recording layer of the nmediumis 5 % by weight or less. In
t he case where the anount of the remai-ning solvent exceeds 5 % by wei ght.
sufficient recording signal characteristics are not obtained, in -
particul ar, when a great nunber of sheets of the nedium for exanple. 100
sheets or nore, or 1000 sheets or nore, are’ produced each indi vi dual

nmedi um has a\uﬁﬁﬁﬁﬂﬁﬁd difference in the e,
methyl ethyl ketone, | I PL&C SHEET
| 1opEr B

methyl isobutyl ketone,

cyclohexanone,

isophorone,

and the like ;

alcohol type solvents such as
ethyl alcohol,

propyl alcohol,

butyl alcohol,

amyl alcohol,

ethylene glycol monomethyl éther,
ethylene glycol monobutfl ether,
benzyl alcohbl, |

and the like ;

chloroform,

ca:bon tetrachloride,

methylene chloride,

methyl chloroform,

trichlene,

tetréchloroefhylene,
dichloroethylene,
dichloroethané,

tetrachloroethane,

tetrahydrofuran,
_ Thls Sheet Has Been Re;
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recordi ng signal characteristics, that is, the characteristics can not be
stably obtained, and furthernore, the recording sensitivity becones poor.
The lower limt of the concentration is not particularly determ ned.
However, fromthe stand-- point of the producivity, the concentration is
preferably 0.05 % by weight or nore.-Th® toncentration of the renmmining
sol vent may be nade 5 % by weight or less by formung the recordlnq,layer

and then drying it The tenperature for- drylng may: Rﬁﬂﬂ atmit e or an
el evat ed tenperature higher than roon1tenperature= Ry And
drying tenperature are preferably such that T x tfe r],éT t%g%erature,
[err]C and t: . time, hour) is 1

dioxane, _

|
diglyme, o l

PR,

~ dimethyl formamide,

and the like.

Naturally, in the ébbve-mentioned cése,'the solubi-
lity parameter of the resulfing mixture solveﬁt is to be
controlled to a value of less than 8.5 by adjusting the
ratio of the components of the mixture.

In the case where a mixture solvent is used in the
present invention, the solubility parameter of the mix-
ture may Be defined by the sum of products éach of which
is obtained by multiplying the volume fraction of a
solyent by the solubility parameter of the solvent.

That is,_ﬁhe value of solubility parameter (5W can be

calculated by the formula (1},

where V4, V,, V3 ---- V, are respective volume fractions
of.solvents in the mixture solvent, and 51 ,52, 53' ———
‘?ﬂ are rgspective sblubility'parameters of solvents in
the mixtufe-sﬁlvent.

The concentration of the above-mentioned dye solu-
tion in the present invention is usually 0.1 - 10 % by
weight, preferably 0.5 - 7 % by welght though it varies

depending on types of solvent and methods for formlng

the recording film.
' This Sheet Has Been Reilaced
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preferably 50 or nore, nore preferably 100 or nore. The upper linmt of T x

t[err] is-not particularly determ ned, but fromt
productivity, T x t[err] is preferably 300 or | es
tenperature is 50[err]C or nore orpreferably 60[ ¢
the productivity of the nmedium and stability of

characteristics. The drying tenperaturébis prefe
taki ng the heat resistance of the substrate into

he&sL@ndpmln fﬁ the
.sﬁfs

hé
ab
c

recording layer is dried at a tenperature of SOUerr]C or
Tr—appeaLa..l0. be

remai ning in the substrate and the recording | a
and therefore, the better results of the present

hi g Bt - tihe stress

|nvent|on are §~ﬁ|b|ted

nore

At this point, as far as the effect of the present

invention is not adversely affected, there may be added,

‘for example, known aromatic or unsaturated aliphatic

diamine type metal complexes, aromatic or unsaturated
aliphatic dlol type metal complexes, polymethine dyes,
squaryllum dves, naphthoqulnone type dyes, anthraqulnone
dyes or the like in an amount of preferably 30 % by |
weight or less, more preferably 20 % by weight or lees;

When these dyes are added, a solvent should be
selected which can dissolve both the above-mentioned dye
and the nonpolar solvent-soluble substituted phthaio—
cyaeihe dye of the present invention.

According to the present invehtion, for purposes of
ehhancing smoothness of a recording layer upon forming a
recording layer or diminishing defects sech as pinhole
and the like, there may be added to a solution ef a sub-
stituted phthaloeyanine"dye of the present invention or,
if necessary, a solution of a substituted phtﬁalbcyanine
dye and the above-mentioned dye the following soluble

resin such as

-nitrocellulose,

ethyl cellulose,
acrylic resins,
polystyrene,

vinyl chloride-vinyl acetate copolymer,
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remar kably. The drying tinme may be usually from about 15 mnutes to 25
hours. On the other hand, the pressure upon drying may be atnospheric
pressure or reduced pressure. The recording senshivity in the present

i nvention nmeans the opti numrecordi ng power.. When an FEM ei ght - (ei ght -
fourteen nodul ation) signal is recordgd. _then read out and the upper end
and the | ower end of the anplitude of the AC couy : |us r ead
out are designated by Al and A2. respectively, . tK&rLACTHNE itivity |s
the recording power at [err] = 0.04 where [err] . + A2).

polyvinyl acetate,

polyvinyl but&ral,
polyester resins,
and the like,

and additives such as leveling égents, deforming agents
and the like. | |

ﬁowever, when unnecessarily iarge amounﬁs 6f the
resin and the additive are added, reflectivity of the
recording layer is lowered and recording sensitivity be-
comes poor.

In view of such- fact as above} the amount of the
.resin.ana the additive is usually less than 20 % by -
weight, preferably 10 % by we}ght or less, more.pref-
erablf 5_%'by weight or less.. |

In other words, the total amount of the substituted
phthalocyénine dye and the above-mentioned dyé capable
of being used togéther with the substituted phthalocyanine
dyé in the recording layer is usually at‘leaét 80 % by
weight, preferably 90 - 100 -% by weight, more_preférably
95 - 100 % by weighé. | |

The above-~mentioned c¢omponents are formed into a
uniform layer on the.above-mentioned substrate to ﬁorm a
recording laYér. Upon forming .the rec&rding layer, the
thickness of the recording lafet is adjusted to obtain a

sufficient reflectivity after forming a reflective layer.
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I n general,

I nventi on.

the recording sensitivity is reIated to the speed of formation
of pits. For exanpl e. when the sol vent renai nsij e a0 s Siakil ayer, the
mel ting temperature of the dye is [owered and j { st i on
tenperature is lowered, the recording sensiti becones good}; [However,
according to the definition of "recor diéng sen' vit§Der 158 ent

the recording sensitivity vari-es d di ng on the ner of
formation of 9 kinds of pits, in particular, ffprmation of the | gngest pit

and the shortest pit. Therefore, |owering of t

nelting tenpergture and

| owering of the deconposition tenperature of the dye do not always result
In inproving the fgcghdlngeggg§lgn¥g%¥lon’ the recordlng layer may

be produced by a coating method such as spin coating,
dip coating, bar coating and the like.

Among them, spin coating is generaliy used. That is, a
substituted phthalocyanine dye is used as a main com-
ponent and dissolved in a ndnpolaf solvent to prepare a
coating solution, and the edating solution is applied
to the above-mentioned substrate and then dried to pro-
duce a recordingllayer.

According to the present invention, the amount of
the solvent remaining in the fecording layer of the -
medium is 5 % by weight or lesé. In the case where the
amount of the remaining solvent exceeds 5 % by weight,
spfficient recording signal characteristics are not ob-
tained, in particular, when a great number of sheets of
the medium, for example, 100 sheets or more, or 1000
sheets or more, are produeed, each individual medium has
a very small’difference in the recording signal eharacter-
istics, that is, the characteristics can not be stably
obtained, and furthermofe, the recording sensitivity be-
comes poor. The lower limit of the concentration is not
particularly determined. However, from the standpoint
of the producivity, .the concentration' is preferably 0.05
% by weight or more. |

The concentration of the remaining solvent may be

made 5 % by weight or less by forming the recording layer

T
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To neasure the anbunt of the remmining sol vent

reflective layer and protective |layer are re- njid. _ning
solvent in the recording layer is extracted w tih @R - it for
evaporated out by heating in a closed stem and | a of it is
measured by gas chronat ography. Fur the , the an ha ;' i ng

sol vent may be determ ned by neasuring the wei ght egordi ng

| ayer, or by neasuring the absorbance ratio of jthe solvent | ayer by

infrared spectroscopy. According to the present ‘ ercoating
| ayer of various types may be forned between the recordlng | ayerand t he

substrate so Qv.e a fr.esist,ance to a coati sQl vent and prevent
the deteri oraat | Otr‘]t%o ré”‘rngcd'rtd' glthe temperature Pgr grylng may E‘e
room temperature or an elevated temperature higher than
room temperature.
The drying time and drying temperature are preferably
1
such that T x tZ (T: temperature, °C and t: time, howy)
is preferably 50 or more, more preferably 100 or more,
) K} [ 1
The upper limit of T x tZ is not particularly determineg
. . !

but from the standpoint of the productivity,'T x tZ is

preferably 300 or less.

Further, the drying temperature is 50°C or more gop
preferably.GOfc or more in view of the productivity of the
medium and stability of the recording characteristicg, |

Thelarying temperature is preferably 100°C or lawer
taking the heat resistance of the substrate into coneid;
eration.

When the recording layer is dried at a temperatyrg
of 50°C or higher, the stress remaining in the substrate
and the recording layer.eppears to be relaxed and thayre.
fore, the better fesults of the present invention ars

" exhibited more remarkably.

The drying time may be usually from about 15 mijyteg
ﬁo 25 hours. On the other hand, the pressure upon drying
may be atmospheric pressure or reduced pressure.

The .recording sensitivity in the present inventjop
means the bptimum recording power. When an FEM (eight.

_—
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| ayer. Exanplary suitable materials for the undercoating |ayer include high
pol ymers such as pol ycarbonate. poly (nethyl ; Lystyrene and
the like, and inorganic substances such as Slj;: -
Allerr]Jerr]. AIN. These may be used al one @
t he undercoating | ayer may have a nul 20- laye
nore | ayers. According to the present inventi
recording layer, a reflective layer is forne

fourteen modulation) signal is recorded, then read out,
and the upper end and the lower end of the amplitude of
the AC éoupled HF signal thus read out are designated by

A. and Ay, respectively, the recording sensitivity is

1
the recording power at ﬁ = 0.04 where ﬂ = (A - RAy) /
(ay + Aj). | |

In general, the recording sensitivity is related to
the speed of formation of pits. For example,_when the
solvent remaiﬁs-in thé recording layer, the melting tem-
perature of the dye is lowered and the heat decomposi-
tion temperature is lowered, the recording sensitivity
becomes good. |

However, according to the definition of "recording
sensitivity" of the present invenﬁion, the recording
sensitivity varies depending on the manner of formation
of 9 kinds of pits, in particular, formation of the
longest pit and the shbrtest pit. Therefore, lowering
of the melting temperature and lowering of the decomposi-
tion temperature of the dye do not always result in im-
proving the'recordin§ sensitivity.

To measure the amount of the remaining solvent of
the méaium, the reflective layer and protective layer
are removed and the remaining solvent in .the recording
layer is extracted with another solvent or evaporated

out by heating in a closed system and then, the amount

of it is measured by gas'chromatography.
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As the reflective layer. there is used. for exanple. a thin filmof a netal
such as Au, Ag. Al. Pt. Cu. or a thin f|In1Qa‘,. v nmetal s as
above. The netal may be an alloy containi ng Kstiiem
Further, in addition to the above-nentioned als STTeT
CG. N, Si. Ge. Pb, Pd. Sn, Sb nay bezysed ds aun sbggg oflent . For
formng the reflective |ayer. there may be @suyall
deposition, sputtering. ion plating and

Further, the amount of.the remaining solvent may
" be determ%ned by measﬁring the weight loss of the re-

cording layer, or by measuring the absorbance ratio of
the solvent in the layer by infrared spectroscopy.

According to the present invention, an undercoating
layer of various types may be formed between'the record-
ing layer and the substrate so és to improve a resistance
to a coating solvent and prevent the deterioration of the
recording layer. |

Examplary suitable materials for the undercoating
layer include high polymers such as polycarbonate, poly
(methyl ﬁethacrylate),.polystyrene and the like, and -in-
organic substances such as sioé, Sn0,, Aly0O3, ALN and the-
like. These may be used alone or in compination. In
addition, the undercoating layer may have a multi-layer
structure composed of two oOor more layers;

According tolthe present -invention, after the forma-
tion of the recording layer, a reflective layer is formed
on said recording l;yer.

As the ;eflectivé layer, there is used, for example,
a thin film of a metal such as Au, Ag, Al,.Pﬁ, cu and the
like, or a, thln £ilm of -an oxide of such metals as above.
The metal may be an alloy containing one or more of these

metals.

Further, in addition to the above-mentioned metals,
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7 the like. The t hi ckness of the reflective | ayer is usually about 20 - 200
nm For the purpose of inproving reflectivity or adhesion between the

rFecording layer and the reflective |ayer, therejpiy, ReBieViatian
intermedi ate | ayer between the recording | ayer W ihadans 3B | ayer
Exenpl ary suitable materials for the_iabe[nedid,e‘layer_includ gh

pol ymers such as pol ycarbonate. poly (et hyl me} hiaciy® BEe)18%pol yrene;

i norgani ¢ substrances such as SiJerr], SnJerry,§Al[err]derr]f BAIN, and

silans coupling agents.

T

other metals such as Cr, Ni, Si, Ge, Pb, P4, Sn, Sb ;nd

‘the like may be used as auxiliary component.

For forming the reflective layer, there may be usually
used vacuum vapor deposition, sputtering, ion plating and

the like, The thickness of the reflective layer is usually

about 20 ~ 200 nm.

- For the purpose of improving reflectivity or adhesion
between the recording layer and the reflective layer, there-
may be brovided an intermediate layer between the recording
layer and the reflective layer. |

' Exemplary sﬁitable materials fSr the intermediate
layef include high polymers such as polycarbonate, poly
(methyl methacrylate), éolystyrene and the like; inorga-
nic substrances such as Si0Oz, SnOz, Al203, AlN and the |
like; and silane'coupling agents and the like.

These.matérials may be used alone or in combination.

The intermediate layer may have a multi-~layer structure

composed of two or more. layers.

According to thé.presént.invention, a protective
layer is formed on the above-mentioned reflective layer.
The protective layer may be any kind of protective layer
as far as it can prétect-the recording layer and the re-
flective layer. Fér example, the protectiQe layer may

be composed of a high polymer material such as polycarbo-

'nater acrylic resins, polystyrene, polyvinyl chloride,

This Sheet Has Been
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These materials may be used alone or in conbination. The internediate |ayer
may have a multi-layer structure conposed of two or nmore |layers. According
to the present invention, a protective |layer is formed on the
above-nentioned reflective |ayer. The pro- tective |ayer may be any kind of
protective layer as far as it can prote@3 the recording | ayer and the
reflective |ayer. For exanple. the protective |ayer may be conposed of a
hi gh polymer material -such as pol ycarbonate. acrylic resins. polystyrene,
pol yvi nyl chloride, epoxy resins. polyester: and inorganic substances such
as Sigerr], Alferr](Jerr]. AIN Anong them an ultraviolet |ight-curable
acrylic resin or expoxy resin is preferable since it can be easily forned

epoxy resins, polyester and the like; and inorganic sub-

stances such as SiO,, A1203, ALN and the like.

Among them, an ultraviolet light-curable acrylic
resin or expoxy resin is preferable 'since it can be
easily formed into a protectlve layer.
These materials may be used alone or in comblnatlon.

Fufther, the protective layer may have a multi-layer

structure composed of two or more layers.  The thickness

of the protective layer is usually about 2 - 20 pm.

Printing may be made on the protective layer of the opti-

cal recording medium.of the present invention.

According to the present invention, the opticél re-
cording medium exhibits an improved recording sensitivity
and improved recqrding Signal characteristics suéh as

jitter and the like.

------
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These materials may be 1

into a protective |ayer.
conbi nation. Further, the protective |ayer
conposed of two or nore |layers. The thickness of

usually about 2 - 20[err]m Printing may be nade
the optical recording nmedium of the_prasent invel

may hgReEPR,

present invention, the optical recording nmedi um ¢
recording sensitivity and inproved recording sig
jitter. The present invention is explained in de
in the follow ng. but the enbodi nents of the

sed al one...or in

: iy ‘ﬂrﬂ'tructure
< yer is
; otectl e | ayer of
tlon?%ﬁﬁab th the
xRibils an |nprwv d
al characteristic$ such as
' . xanpl es

The present invention is explained in detail referr-

ing to examples in the folldwing, but the embodiments of

the present invention should nét be construed as limited

by the examples.

Examgle'1'

A 2 weight % soiution of a brominafed (average 4.2

bromine étoﬁs per molecule) Pd—tetra—(1,2-diméthylpropoxy)-

- phthalocyanine dye in n-hexane was dropped onto an in-~

jection molded polycarbonate re;in substrate having a

groove (120 nm in depth, 0.5 pm in width,

1.6 pm in pitch)

in a spiral form of 1.2 mm thick and 120 mm in diameter.

Then the resin substrate was rotated at a speed of 1100

rpm for 20 sec.

Under the same conditions as above,

a coated substrate

was prepared and the 501vent content in the dye of the

coated substrate was quantitatively analyzed and it was

found that the solvent content was 10 % by weight.

The

analysis was effected by peeling off the dye, dissolving

the dye thus peeled in toluene and then effecting gas

chromatography.’

The above-mentioned coated substrate was dried with

2 hot wind at 80°C for 10 hours (T x t3

a recording layer.

= 253) to form

A thin gold film of 120 nm thick was formed on the
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present invention should not be construed as limted by the exanples.
Examale 1 A 2 weight % solution of a brom nated average 4 2 brom ne atons

per nol ecul e) Pd-tetra-(1.2-di nethyl propoxy)- ig - a) |

n- hexane was dropped onto an injection nDIded1 L OMEHE & .@a. n substrate
haV|ngagroove(120 nmin depth, O-BZﬂer-r]mln width, 1. min pitch)
: ‘ resin

conditiohs as ‘above, a coated substrate was p ear ed ar of vent
content in the dye of the ' '

recording iayer as a reflective layer by sputtering and

then an ultraviolet light cured resin layer of 3 pm thick
was formed as a protective layer to produce a medium.

The protective layer and the reflective layer were
peeled off and the amount of the solvent remaining in the
recording layer was measured by chromatégraphx. It was
1.2 % by weight.

EFM modulation signals were recorded on fhe result-
ing optical recording medium by means of an optical re-
cording apparatus with an optical head carrying a semi-
conductor laser having an oscillatory wavelength of 780 nm
at linear.speed of 1.4 m/sec with a variable recording
laser power, and an optimum_recording power (recording

.sensiti;ity) was determined. .

Further, according to the same method as above, 100
sheets of the medium were produced, and signals were simi-
larly recorded on the sheets of the medium. Then the re-
corded signals were read out at a laser output of 1 mW,
and average values of jltter and the standard deviation
of the 100 sheets were determ;ned.

Table 1- shows the resuit.

Example 2
| The procedure of Ekample'1 was repeated except that

dimethylcyclohexane was used in place of n-hexane and

drying was carried out at 25°C for two days (T x t%) =
- T T
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coat ed substrate was guantitatively analyzed and it was found that the

sol vent content was 10 % by wei ght The anal ysi s mas effected by peering off
cting gas

t he dye. dissolving the dye thus peeled in tolf
chromat ogr aphy. The above-nenti oned coat ed sut ith a hot
wind at 80[err]C for 10 hours (T x t[eéE = 25 di ng | ayer
A thin gold filmof 120 nmthick was f6Fned on er as a
reflective |ayer by sputtering and then an ult ed resin
| ayer of 3 [err]mthicKk was forned.as a prot eq Aaaeen ¥ uce a

medi um The protective layer and the reflectiye Iayermere peel of f and

t he anount of the solvent remaining in the recording.
173, and the resulting optical recording medium was

evaluated.

The result is shown in T3ble 1. The solvent remained
in an amount of 12 % by weight in the recording layer be-
fore drying, but after forming the protective layer, the

solvent decreased to 3 % by weight.’

Example 3

The procedure of Example 1 was fepeated except that
a mixture solvent of 95 % by weight of methylcyclohexane
and S % bf weight of Adioxane (the Sp vaiue is still less
than 8.5 and it can be regarded as a ﬁonpolar solvent)
was used in.place of n-hexane and vacuum drying was-con-
ducted at 60°C for 5 hours (T x £ = 134), and the result-
ing optieel recording medium was evaluated. '
Table 1 shows the resﬁlt. Further, before drying,
15 % by weiéht of the solvent remained in.the recording
layer, but after forming a pxotective.layer, it decreased

to 1.5 % by weight.

Comparative Example 1

The procedure of Example 1 was repeated except that
the reflective layer and the protective layer were formed
immediately after forming the recording layer by coating

without drying, and a medium was produced. The concent-
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| ayer was neasured by chromat ography. It was 1.2 % by wei ght. EFM

nmodul ation signals were recorded on.the resulting optical recordlng medi um

by means of an optical recording apparatus with @
sem conductor | aser having an oscillatory wavel e

speed of 1.4 msec with a variable r rding | as
recordi ng power (recording sensitivity) was dete
to the same nethod as above, 100 sheets of the m
signals were simlarly recorded on the sheets of
recorded signals were read out at a |aser out put

ratiﬁn of the solvent remaining in the recording layer
of the medium was 7 % by weight.

The evalﬁation of the medium was méde in a manner
 similar to Example 1. Table 1 shows the result. This
indicates that when the concentration of the solvent
remaining in the recording layer exceeds S % by weight,

the_purpose of the present invention can not be attained.

Comparative Example 2

. The procedure of Example 2 was repeated except that,
after the recording layer was formed, the drying was ef-

fected under the conditions of 25°C and 2 hours (T x &%

= 35i and then the reflective layer and the protective
layer were,fqrmed, and a medium was produced.

The concentration of the solvent remaining in the
recording layer was 6.5 % by weight. The evaluation was
effected in a manner similar to Example 1. -The result

is shown in Table 1.

Comparative Example 3

Tﬁe procedure of Example 3 was repeated except that,
after the recording layer was formed, drying was effected
at 60°C for 30 min. (T x t? = 42) and then the reflective
layér and the prétecfive layer wéfe formed, and a medium

was produced.
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and average values of jitter and the standard deviation of the 100 sheets
were determned. Table 1 shows the result. Exanple 2 The procedure of
Exanpl e 1 was repeated except that dlnethylcyclohexane was used in place of
n- hexane and drying was carried out at 25[err]C r W0 [err]) =
173. and the resulting optical recordi ng nedi um v Xy iresul t
I's shown in Table 1. The solvent remained in an g '

t he recording | ayer before drying, but?8after forifi
t he sol vent decreased to 3 % by wei ght

The concentration of the solvent remaining in the
recording layer of the medium was 5.5 % by weight. The
evaluation was conducted in a manner similaf “to Example

1. The result is shown in Table 1.

. Table 1
No. " Optimum Recording Jitter (ns)
Standard

Power (mW) Average devidtion
Example - 1 6.8 18 2
Example 2 7.0 22 3
Example 3 . 6.5 .16 2
Comparative _
Example 1 8.5 43 : 15
Comparative .
Example 2 8.2 39 12
- Comparative _
Example 3 7.8 35 8

h__u_h____~________
This Sheet Has B
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Exanpl e 3 The procedure of Exanple 1 was repeated except - that a mxture

soIvent—Uf“95—@“by“merghr—of nmet hyl cycl ohexane and 5 % by wei ght of di oxane

(the Sp m m“ 'I! m s than 8.5 and it can be r as..a_nonpol ar
sol vent) ﬁ u F of n-hexanggand vacuum drpgF . at
60[ err] C tor ouws X t[err}—=-134).and-thetresyu ;:ﬁgﬁggﬁgggﬂggﬁf
recordi ng nedlun1mas eval uat ed. o -
This Sheet Has Been RTllilced _ 10 DEC B9
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1. &an opﬁicai recording medium of a single plate
type which comprises a substrate, a recording layer over-
lying the‘substrate, a reflective layer overlying the
recordlng layer, and a protectlve layer overlying the
reflective layer, the recording layer being produced by .
coating a nonpolar solvent-soluble substituted phthalo-
cyanine dye in a nonpolar solvent, and in the.mediuﬁ the
content of the nonpolar solvent remaining in the recording

layer being 5 % by weight or less.

2. The optical recording medium according to claim

1 in which solubility parameter of the nonpolar solvent

is less than 8.5.

3. The optical fecofding medium according to claim
2 in which after coating the recording layer, the record-
ing layer is dried under the conditions of (temperature,
°C) x (time, hour)% -being 50 or more and then, the re-

flective layer and tﬁe protective layer are formed.

4. The optical fecqrding medium according to claim

3 in which the drying temperature is 50. - 100°C.

‘5. The optical recording medium according to claim
3 in which the drying is effected under the conditions-of

(temperature, °C) x (time, hour)% being 100 or more.
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8 Table 1 shows the result. Further, before drying, 15 % by wei ght of the
sol.vent remained In the recording | ayer,- but- after formng a protective
layer, it decreased to 1.5 % by .wei ght. Conparative Exanple 1 The procedure
of Exanple 1 was repeal ed except that the reflective |ayer and the
protective |layer were forned imedi ately after formng the recording | ayer
by coating w thout drying. and a nedi om3®as produced. The concentration

OPTICAL BECORD.ING MEDIUM

ABSTRACT OF THE DISCLOSURE

. An optical recording medium of a single plate type
comprises a substrate, a recording layer ovérlying the
substrate, a reflective layer overlying the recording
layer, and a protective layexr overlying the feflective
laYer, the recording layer being_produced by coating a
nonpolar solvent-soluble substiﬁuted phthalocyanine dye
in a nonpqlér solvent, .and in the medium the content of
the nonpolar solveﬁt remaining in the recording layer

being 5 % by weight or less.
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the solvent re

'eTalnlng in-the recording |ayer of t'he @ﬁ@juﬁﬂm@gféﬂﬁﬂnﬁ

ining in the recording |ayer exceeds 5.

The

ayer mas formed, the drylng mas effe nde ndltlons of 25[
and 2 hour§°=(cfrptlent[err] = 35)0 %Et%ﬁ’é&’ E@WI ayeFTandCHie ...
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f anpl e 2 was repeated ekcept that; Hfter ordlng

_‘1

)T Bopss+4 7o

3G

afion of the nediumwas made.in a Wﬁnﬁ@fv}§l;$ﬁdqal’ dtggdlixamgl #ed 7.
he result This indicates that wheh phe gonenQ; Eﬂqntggyévd-"
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protective | aye

BAC! GFlOUND OF THE INVENTION

Field of the Invention

The present invention relates to an optical recording medium, and more particularly, to an optical recording medium
of asingle plate type capable of recarding a large volume of information and playable by commercially available compact
disc players which comprises a recording layer containing a dye, a reflective layer overlying the recording layer, and
a protective layer overlying the reflective layer.

Descriotion of the Related Art

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

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

reproduced, and a rewritable medium in which information can be recorded therein and the information thus recorded

can be reproduced or arased.

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

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

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

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

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

The writable mediums which can be reproduced by CD players are proposed in Optical Data Slorage 1989 Tech-
nical Digest Series Vol. 1, 45 (1988), EP - 353393 and! the like. The mediums are of a single plate type comprising a

recording layer composed of an organic dye, a metal reflective layer and a protective layer. However, a cyanine dye -

is used in the recording layer so that there are prcblems as 1o poor light resistance and poor heat and humidily resist-
ance. i

Further, EP-0373643 discloses a writable medium reproducrble by CD players and having a recording layer com-
posed of a phthalocyanine dye. When a phthalocyanine dye, in particular, a phthalocyanine dye soluble in a nonpolar
solvent is used in 2 recording layer, the resulting medium is excellent in light resistance and heat and humidity resist-
ance, but there are some drawbacks that under certain conditions good writlen {recording) signal characteristics are
not obtained, when a great number of sheets of each individual medium has a very small difference in recording signal
characteristics; and the recording sensitivity of the medium is low.

Further, EP-0410879 discloses a writable medium having four layers of a substrate, a recording layer containing
aphthalocyanine dye, a reflective layer and a protective layer successively formed on the substrate. Andthe reflectance

- of the medium and C/N ratio after recording are provided. However, this European Patent Application discloses nothing

about details of the process for preparing the medium. Consequently, the medium is not always sutficient in the re-

cording characteristics such as jitter and eror rate, and has a problem that & is not reproducible by commercnally :

available CD players.

For farming a recording layer containing a dye of the above-menuoned medium, there is usually used a mathod
for coating with an organic dye solution. In particular, a spln-coallng me!hod is generally used from the standpoints of
easy film formation and sconomy.

Howaver, there have been hardly investigated the amounl of a solvent remaining in a recording layer and drying
conditions after forming the recording layer when the recording layer is formed by a coating method.

Japanese Patent Application Laid-open No. Hei 2 - 16083 discioses that a solvated dye is used for a recording
layer. And a dye soivated with 0.01 - 5 % by weight of a polar solvent is preferable from the standpoints of jitter and
error rate. However, the medium is not provided with a reflective layer and a protective layer formed on a dye recording
fiim, and the madium concermns a cyanine type dye and a polar solvent. This Japanese Patent Application does not
disclose a madium comprising a recording layer composed of a nonpolar solvent-soluble phthalocyanine dye, and a
reflective layer and a protective layer formed successively on the recording layer,



i pdi um was produced. The concentration of the sol vent

|nther

ni ng 3 )I’dl ng layer was 6.5 % by wei ght The eval uati on was
teg IpER WPNgrisinmlar to Exanple 1. The result is shown in Table 1.
rative Exanpl ? 8 The procedure of Exanple 3 was repeated except that,

af ler—ttre—TECOrarny fayer was fornmed, drying was effected at 60[err]C for

(T x t‘[‘grr]___;# 42) and then the ref3 ective | ayer and the protective

| ayer vere Torned and a medi um was pr oduced.

The prasent invantors hava intensively made research so as 10 solve the above-mentionad problams of writable
medium capablae of reading out by a commarcial CD playar which comprises a racarding layer containing a nonpolar
solvent-soluble phthalocyanina dye. and a reflective layer and a protective layer successively lormed on the recording
layer. As a rasuft, it has baen lound that the amount of a solvant remaining in the recording layar of the medium has
a censiderable eifect on the above-mentioned problems. and the drying conditions after forming the recording layer is
very important. Thus the prasent invention has bean completed.

SUMMARY OF THE INVENTION

An object of the present inventian is to provide an optical recording medium having an improved recording sensi-
tivity.

Ancther cbject of the present invention is to provide an optical recording medium of an improved racording signal
characteristics such as jiiter.

A further object of the present invention is to provide an optical recording medium in which each individual medium
has a very srnall difference in quality even when a great number of sheets of the optical recording medium are produced.

According to the present invention, there is provided an optical recording medium of a single plate type which
comprises a substrate. a recording layer overlying the substrate, a reflective layer overlying the recording layer, and
a protective layer overlying the reflective layer, the recording layer being produced by coating a nonpolar solvent-
soluble substituted phthalocyanine dye in a nonpolar soivent, and in the medium the content of the nonpolar soivent
remaining in the recording layer being 5 % by weight or less.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The structure of the cptical recording medium of the present invention may be fundamentally such that a recording
layer capable of forming a pit by absorbing a laser beam is provided on a transparent substrate which. if desired, has
a pregroove (guide groove), and a reflective layer is provided on the recording layer so as 1o enhance the reflectivity
and furthermore a2 protective layer is formed on the reﬂectwe layer in order to protect the recarding layer and the
reflective layer.

As a material for the substrate, there may be mentioned any material capable of transrmmng substantially a sem-
iconductor faser beam and usable for ordinary optical recording mediums.

Exemplary suitable materials for the substrate include polymers such as polycarbonale resins. acrylic resins. pol-
ystyrene resins, polyvinyl chloride resins, epoxy resins. polyester resins. amorphous polyoletin resins. and inorganic
materiais such as giass. i

If necessary. these materials are iocrned into a substrate having a pregroove by means of i injection molding or by
a method using a photopolymer.

As the dye used for the recording layer of the present invention, nonpolar solvent-soluble substituted phthalocy-
anine dyes are preferable trom the standpoints of malching with an ascillatory wavelength of semiconductor laser and
fight resistance and humidity and heat resistance.

As the nonpolar solvent-soluble substituted phthalocyanine dye used in the present invention. there may be men-
tioned, for example,
alkyl substituted phthalocyanine,
alkoxy substituted phthalcecyanine.
alkyithio substituted phthalocyanine,
tnalkylsilyl substituted phthalocyanine,
halogenated phthalocyanine derived from the above-menuoned substituted phthalocyanine.

Among them, alkoxy substituted phthalocyanine, alkyithio substituted phthalocyanine and halogenated. phthalo-
cyanine derived from these substituted phthalocyanines are preferable.

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

The substituted phthalocyanine dyes may be used alone or in combination.

The nompolar solvent, in particular, nonpolar organic solvent used for dissolving the above-mentioned dyes in the
present invention is not limited. In short, any non-polar solvent may be used as far as it can dissolve the dye to be
used and does not causa a damage 1o the substrate when applied thereto.

As a substrate, there are usually used polycarbonate resin substrata. acrylic resin substrate and the like. Taking
this fact into consideration, a nonpolar organic solvent having solubility parameter of less than 8.5 is preferable.

When an organic solveny having solubility parameter of 8.5 or more is used. in general, the recording pasition can
not be sufficiently controlled, and the error rale of recording signal is bad.

Such drawbacks appear lo be altributable to some damages formed at grooves of the substrate while coating.



The concentration .of the solvent remaining in the recording |ayer'of the
medi‘um was 5.5'% by wei ght. The eval uati on was conducted i n a manner
simlar to Exanple 1. The result is shown in Table 1. Table 1 No.

Opt i mum Recor di ng Power (nW Jitter (ns) Average Standard
devi ati on Exanple 1 6.8 18
2 Exanple 2 7.0 3 22 3

Solubility paramataer mentioned in connection with the prasant invantion is defined as foliows:

_ 8={(aH-AT)/V"}"
whera 3 is a solubility parameter, AH is a heat of vaporization, and VX is a molar volume.
. 8H can be calculated by Hildabrand rule using a bailing peint, and it is obtained by the lollowing formula:

A Hagq =23.7 T + 0,020 Th? - 2950

where Tb is a boiling point. Therefore, the solubility paramater is the valus at 298°K,

Examples of solublility parameter determined by Hildabrand rule ara partly described in detail, for exampie, in
*Yozai Handbook" (Solvent Handbook). pages 62-63, edited by Teruzo Asahara, published by Kohdan Sha.

Calculation of solubility parameter by Hildebrand rule is described in J.H. Hildebrand, *Solubility of Nonelectrolytes®
424 -427 (1950), Reainhald Publishing Co.

Examples of organic solvents having a solubility parameter of less than B.5 used in the present invention include:
saturated aliphatic hydrocarbons such as
pentane,
n-hexane,
ischexane,
3-methylpentane,
nechexane,
2.3-dimethylbutane,
n-heptane,
2-methythexane,
3-methythexane,
3-ethyipentane,
2.2-dimethylpentans,
2.3-dimethylpentane,
2.4-dimethylpentane,
3.3-dimethyipentane,
2.2.3-rrimethyibutane,

o et @ 1DET 1997
isooctane, -
other isomers of octane,
nonane, .
isomers of nonane,
decane,
isomers of decane,
undecane.
dodecane :
unsaturated aliphatic hydrocarbons such as
pentene,
hexene.
isomers of hexene,
hexadiene,
isomers of hexadiene,
hexalriene,
heptene,
isomers of heptene,
heptadiene,
isomers of heptadiene,
heplatriene, '
octene,
isomers of octene,
octadiene,
octatriene,
nonene.
nonadiene,
' nonatriene,
decane.

Aoy T SO,




Exampl e, 3

Conpar ati ve Exanple 1
Conpar ati ve Exanple 2
Conpar ati ve Exanple 3

undeacenae,

dodecene;

saturatad alicyclic hydrocarbons such as
cycicpentane.

methylicyclopentane,
dimethylcyclopentane,
ethylcyclcpentane,

cycichexane,

methyicyclohexane.
dimethyicyclohexane,

ethylcyclchexane,

iscprepylicyciohexane.

cycicheptane,

cyclocctane;

unsaturated alicyclic hydrocarbons such as
cycicpentene,

cycicpentadiene,

cycichexene.

methylcyclohexene,
dimethylcyclchexene,

ethylcyclohexene,

cycichexadiens,

methylcyclohexadiene,

cycloheptene: terpene type hydrocarbens :
linear ethers such as

- diethyl ether,

diprepyl ether,
diiscpropyi ether,
dibuty! ether,

diiscbutyl ether,
dipentyl ether :
trichlorotrifluoroethane.

propyl chioride.

Among them, the above-mentioned saturated aliphatic hydrocarbons, unsaturated aliphatic hydrocarbons, satu-
rated alicyclic hydrocarbons, unsaturated alicyclic hydrocarbons and linear ethers are prelerable. In particular, among
these solvents, those havir3 a boiling point of 180°C or less are more preferable since those serve to form easily a
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recorcing layer. These solvents may be used alone or in combination.

According to the present invention, solvents having a solubility parameter of 8.5 or more may be used in combi-

naticn with soivents having solubility parameter of less than 8.5.-

Feor example, there may be used mixtures of the above-mentioned solvents having a solubility parameter of less

than 5.5 and the following soivents having a solubility parameter of 8.5 or'more:

aromatic hydrecarbons such as
benzene,

toluene,

xylene.

ethylbenzene:

ester type solvents suchas -
ethyl acetate,

butyl acetate,

amyl acetate, .
ethylene glycol monoethyl ether acetate :
ketone type salvents such as
acetone,

maethyt ethy! ketone,

methyl isobutyl ketone,
cyclchexanone,

isophorone ;

alcohol type soivents such as



Clainmg 2. An optical recording nmediumof a single plate type which
conprises four:-layers of a substrate, a recor.ding |ayer overlying the
substrate, a reflective layer overlying the recording |ayer, and a
protective |ayeroverlying the reflective |ayer, characterized in that the
recording |ayer is produced by coating a ponpolar solvent-soluble
substituted phthal ocyanine dye in a nonpoFar solvent and in the nediumthe
content of the nonpolar solvent remaining in the recording layer is 5 % by
wei ght or {w$Seond: The optical recording nediumaccording to claiml in
whi ch sol u@bdyta\eomrarreter of the nonpol ar solvent is |ess

butyi alcohal,
amyl alechal,
ethylens glycal monomathyl ether,
ethylene glycol monobutyl ether,
benzyi alcohol:
chioroform, _ 0 1DEC W9/
carbon tetrachloride,
methylene chloride,
trichiene. o
tetrachioroethylene, e ———
dichloroethylene,
dichioroethane,
tetrachlorcethane,
tetrahycrofuran,
dioxane.
diglyme.
dimethyl formamide.
Naturally, in the above-menticned case, the solubility parameter of the resulting mixture solvent is to be controlied
to a vaiue of less than 8.5 by adjusting the ratio of the components of the mixture.
In the case where a mixiure solvent is used in the present invention, the solubility parameter of the mixture may -
be defined by the sum of products each of which is obtained by multiplying the volume fraction of a solvent by the
-solubility parameter of the solvent. That is, the value ¢f solubility parameter (5) can be calculated by the formula (1),

§=V, 8, + V8, + Vb 4+ ==+ V.5, (n

where V,, Vs, V; —- V, are respective volume fractions of scivents in the mixiure soivent, and §,,3,.54. —3, are
respective solubility parameters of solvents in the mixture solvent.

The concentration of the above-mentioned dye solution in the present invention is usuafly 0.1 - 10 % by weight,
preferably 0.5 - 7 % by weight though it varies depending on types of solvent and methods for forming the recording film.

At this point, as far as the effect of the present inventiori is not adversely affected, there may be added, for example,
known aromatic or unsaturated aliphatic diamine type metal complexes. aromalic or unsaturated aliphatic diol type
metal complexes. polymethine dyes, squarylium dyes, naphthoquinone type dyes, anthraquinone dyes or the like in
an amount of preferably 30 % by weigitt or less, more preferably 20 % by weightorless. .

When thése dyes are added, a solvent should be selected which can dissolve both the above-mennoned dye and
the nonpolar solvent-soluble substituted phthalocyanine dye of the present invention.

According to the present invention, for purposes of enhancing smoothness of a recording layer upon fofming a
recording layer or diminishing defects such as pinhole and the like, there may be added to a solution of a substituted
phthalocyanine dye of the present invention or, if necessary. a solution of a substituted phthalocyanine dye and the
above-mentioned dye the following soluble resin such as
nitrocellulose,
ethyl ceilulose,
acrylic resins,
polystyrene,
vinyl chloride-vinyl acetate copolymer,
polyvinyl acetate,
polyvinyl butyral,

polyester resins,
and additives such as leveling agents, deforming agenls
However, when unnecessarily large amounts of the resin and the additive are added, reflectivity oi the racording

layer is lowered and recording sensitivity becomes poor.
In view of such fact as above, the amount of the resin and the addi lwe is usually less than 20 % by weight. prel erably

10 % by weight or less, more preferably 5 % by weight or less.
In other words, the total amount of the substituted phthalocyanine dye and the above-mentioned dye capable of
being used together with the substituted phihalocyanine dye in the recording layer is usually at least 80 % by weight,

pralerably 90 - 100 % by weight, more prefarably 85 - 100 % by weight.
The above-maentioned components are formed inlo a unilorm layer on the above-mentioned substrate to form &



m : pptical recording nediumaccording to claim2 in which
=idlmlara ej recording layer the recording |layer is dried under the

c ndltlons of 53 br nore of (tenperature. [err]C) x (time. hour) 1/2 and

t helG 1OKE 4399 ekt| ve layer and the protective layer are forned. 4. The

optical recordi pgjnedi um according to claim3 in which the drying

tenperature is 50 100[err]C. 5. The opti€al recording nmedium according to

iclaim 3d.o.whichthe drying is effected under the conditions of 100 or nore

of (tenper akditicy faybUpod fogming tHelrdcBRing B inh ticknhass of the racarding layer is adjustad o abtain a sufficient

raflactivity alter farming a rafllactiva layar.

In the prasent invention, tha recording layar may be produced by a coating mathed such as spin coating, dip
coating, bar coating.

Ameng them, spin coaling is genarally usad. Thal is, a substituted phthalocyanina dye is usad as a main component
and dissoived in a nonpalar solvant to prepare a coating salution, and the coating solution is applied to the above-
menticnead substrate and then dried to produca a recording layer.

Accarding to the prasant invention, the amount of tha -selvent remaining in tha recording layer of the madiumis §
% by weight or less. In the case whera the amount of the remaining solvent exceads 5 % by waight, sufficient recording
signal characteristics are not ablained, in particular. when a great number of sheets of the medium, for example, 100
sheels or more, or 1000 sheels or more, are preduced. each individual medium has a very small diference in the
racarding signal characteristics, that is, the characteristics can naot be stably abtained, and furthermore, the recording,
sansitivity becomes peor. The lower limit of the concentration is not particulacdy determined. However, from the stand-
point of the preducivity, the cancentration is preferably 0.05 % by weight or more.

The concentration of the remaining sotvent may be made 5 % by weight or less by forming the recording layer and
then drying it. The temperature for drying may be room temnperatura or an elevated temperatura higher than room
temperature.

The drying time and drying temperature are preferably such that T x t% (T: temperature, *C and . time, hour) is
preterably 50 or more, more preferably 100 or more. The upper limit of T x t* is not pamculady detemmined, but from
the stancpoint of the productivity, T x t* is preferably 300 or less.

Further, the drying temperatura is 50°C or more or preferably §0°C or more in view of the preductivity of the medium
and stability of the recording characteristics.

The drying temperature is preferably 100°C or lower taking the heat resistance of the substrate into consideration,

When the recording [ayer is dried at a temperature of 50°C or higher, the stress remaining in the substrate and
the recording layer appears to be relaxed and therefore, the better results of the present invention are exhibited more
remarkably.

The drying time may be usually from about 15 minutes to 25 hours. On the other hand, the pressure upon drying
may be atmospheric pressure or reduced pressure.

The recording sensitivity in the present invention means the optimum recording power. When an FEM(e:ght-(esght—

- fourteen modulation) signal is recorded, then read out. and the upper end and the lower end of the amplitude ‘of the
AC coupled HF signal thus read out are designated by A, and A,. respecuvely. the recording sensitivity is the recording
power at § =0.04 where § = (A, Az)I(A +A2)

In general, the recording sensitivity is related to the speed of formation of pits. For example. when the soivent
remains in the recording layer, the melting temperature of the dye is lowered and the heat deoomposluon temperature -
is lowerad, the recording sensitivity becomes good.

However, according to the definition of *recording sensitivity® of the present invention, the recording sensitivity
varies depending on the manner of formation of 9 kinds of pits, in particutar, formation of the longest pit and the shortest
pit. Therelore, lowering of the melting temperature and bwenng of the decomposition temperalure of the dye do not
always result in improving the recording sensitivity.

To measure the amount of the remaining solvent of the medium, the reflective layer and protective layer are re-

" moved and the remaining soivent in the recording layer is extracted with another solvent or evaporated out by heating
in a closed system and then, the amount of it is measured by gas chromatography.

Further, the amount of the remaining solvent may be determined by measuring the weight loss of the recording
layer, or by measuring the absorbance ratio of the salvent in the layer by infrared spectroscopy.

According to the present invention, an undercoating layer of various types may be formed between the recordlng
layer and the substrate so as to improve a resistance o a coating solvent and prevent the detenoratnn of the facordirig
layer.

Examplary suitable materials for the undercoating layer include high polymers such as polycarbonate. poly (methyl
methacrylate), polystyrene and the like, and inorganic substances such as SiO;, SnOj,, Al,O;, AIN. These may be
used alone or in combination. in addition, the undarcoaling layer may have a muiti-layer structure composed of two or

more layers.
According 1o the present invention, after the lomation of the recording layer, 2 reflactive layer i is lormed on said

racording layer.
! As tha raflective layer, there is used. for example. a thin film of a metal such as Au, Ag, Al, Pt, Cu, or a thin film of
an oxide of such metals as above. The metal may be an alloy containing one or more of these metals.
Further, in addition o the above-mentioned metals, other metals such as Cr, Ni, Si, Ge, Pb, Pd, Sn, Sb may be

used as auxiliary component.
For forming the reflective layer, there may be usually used vacuum vapar deposition, sputtering, ion plating and
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the like. The thicknass of thae raflactive layer is usually about 20 - 200 nm. R i e, Saand

For the purposa of improving raflactivity or adhasion betwaen the racording layer and tha reflective layer, thera-
may be providad an intermediate layar batwaen the recording layar and the raflactive layer.

Exemplary suitable materials for the intermediate layer include high polymers such as polycarbonata, poly (melhyl
mathacrylate), polystyrane; inarganic substrances such as SiO,, SnO,. Al,O4. AIN ; and silane coupling agents.

Thesa matarials may be usad aione or in combination. The intarmediate layer may have a muiti-layer structura
composed of two or mora layers.

Accarding to the presant invantion. a protective layer is formed an the abave-mentioned reflective layer. The pro-
tective layer may be any kind of protactive layer as far as it can protect the recording layer and the raflactive layer. For
example. the protective layer may be composed of a high palymer material such as polycarbonate, acryiic resins.
polystyrene, polyvinyt chloride, epoxy resins. palyester : and inarganic substances such as 5i0,, Al,O4, AN,

Among them, an ultraviolet light-curable actylic resin or expoxy resin is preferabls since it can be easily formed
into a protective layer.

These materials may be used alone or in combination. Further, the protective layer may have a mum-layer structure
composed of two or more layers. The thickness of the protective layer is usually about 2 - 20 um. Printing may be made
on the protective layer of the aptical recording medium of the present invention.

According to the present invention, the optical recording medium exhibits an improved recording sensitivity and
impraved recording signal characteristics such as jitter.

The present invention is expiained in detail referring to exampies in the following. but the embodiments of the
present invention should not be construed as limited by the examples.

Examole 1

A 2 weight % solution of a brominated (average 4.2 bromine atoms per moiecule) Pd-tetra-(1.2-dimethylpropoxy)-
phthalccyanine dye in n-hexane was dropped onto an injection molded polycarbonate resin substrate having a groove
{120 nm in depth, 0.5 um In width, 1.5 um in pitch) in a spiral form of 1.2 mm thick and 120 mm in diameter. Then the
resin substrate was rotated at a speed of 1100 rpm for 20 sec.

Under the same conditions as above, a coaled substrate was prepared and the solvent content in the dye of the
coaled substrate was quantitatively analyzed and it was found that the solvent content was 10 % by weight. The analysis
was eflected by peeling off the dye. dissolving the dye thus peeled in (oluene and then effecting gas chromatography.

The above-mentioned coated substrate was dried with.a hot wind at 80°C for 10 hours (T x t¥ = 253) to form a
recording layer.

A thin gold film of 120 nm thick was formed on the recording layer as a reflective layer by sputtenng and then an
ultraviolet fight cured resin layer of 3 pm thick was formed as a protective layer to produce a medium.

The pratective layer and the reflective layer were peeled off and the amount of the solvent remaining in the recording
layer was measured by chromatography. It was 1.2 % by weight.

EFM modulation signais were recorded on the resulting optical recording medium by means ol an optical recording
apparatus with an optical head canying a semiconductor laser having an oscillatory wavelength of 780 nm at finear
speed of 1.4 m/sec thh a variable recording laser power, and an cpumum recording power (recorcﬁng sensitivity) was
determined.

Further, according to the same method as above, 100 sheets of the medium were produced, and signals were
similarly recorded on the sheets of the medium. Then the recorded signals were read out at a laser output of 1 mW.
and average values of jitter and the standard deviation of the 100 sheets were determined.

Table 1 shows the result,

Example 2

The procedure of Example 1 was repeated except that dimethylcyclohexane was used in place of n-hexane and
drying was carried out at 25°C for two days (T x t¥) = 173, and the resulting optical recording medium was evaluated.

The result is shown in Table 1. The solvent remained in an amount of 12 % by weight in the recording layer before
drying, but after forming the protective layer. the solvent decreased ta 3 % by weight.

Examole 3

The procadure of Example 1 was repeated except that a mixture solvent of 95 % by weight of methylcyclohexane
- and § % by weight of dioxane (the Sp value is still less than 8.5 and it can be regarded as a nonpolar solvent) was
used in placs of n-hexane and vacuum drying was conductad at 60°C for 5 hours (T x ¥ = 134), and the resulting
optical recording madium was evalualed.
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Table 1 shows the rasult. Further, belore drying, 15 % by waight of the saivent remained in the recording layar,
but aftar forming a protactlive layer, it decreasad to 1.5 % by waight.

Comparative Example 1

The procedura of Example 1 was repealed except that the reflective layer and the protactiva layer ware formed
immadiately after forming the racording layer by coating without drying, and a medium was produced. The concentration
of tha solvent ramaining in the recording layer of the medium was 7 % by weight.

Tha evaluation of the medium was madae in a manner similar to Exampla 1. Table 1 shows tha result. This indicatas
that when the concentration of the salvent remaining in the reoord’ng layer axceeds 5 % by weight, the purposa of the
present invention can not be attained,

Comparative Examole 2

The procedurs of Example 2 was repeated except tliat. after the recording layer was formed, the drying was
effected under the conditions of 25°C and 2 hours (T x t¥ = 35) and then the reflective layer and the protective layer

were formed, and a medium was produced.
The concentration of the solvent remaining in the recording layer was 6.5 % by weight. The evaluation was effected

in 2 manner similar to Example 1. The rasult is shown in Table 1.

Comparative Example 3

The precedure of Example 3 was repeated except that, after the recording layer was farmed, drying was affected
at 60°C for 30 min. (T x 1% = 42) and then the reflective layer and the protective layer were formed, and a medium was
preduced.

The concentration of the soivent remaining in the recording layer of the medium was 5.5 % by weight. The evaluation
was conduected in a manner similar to Example 1. The result is shown in Table 1.

Table 1
No. Optimum Recording Power {mW) Jitter (ns)
Average | Standard deviation

Example 1 6.8 . 18 2
Example 2 7.0 22 3
Example 3 6.5 16 2
Comparative Example 1 85 43 15
Comparative Example 2 B.2 39 12
Comparative Example 3 ' 78 ) 35 8
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Claims

1. An optical recording medium of a single plate type which comprises lour layers of a substrata, a recording layar
ovarlying the substrata, a reflactive layer overlying the recording layer. and a protective layer overlying the reflective
layer, characterized in that the recording layer is produced by caating 2 nonpolar sclvent-sciuble substituted
phthalccyanine dye in a nangolar saivent, and in the medium the cantent of the nanpolar solvent remaining in the

recarding layer is § % by weight or less.

2. The optical recording medium according o claim 1 in which solubility parametar of the nonpalar solvent is less
than 8.5.

3. The optical recording medium according to claim 2 in which aftar cééting the recording layer, the recording layer
is dried under the conditions of 50 or more of (temperature. *C) x (time. hour) 1/2 and then, the reflactive layer
and the protective layer ara formed. ' .

4. The optical racording medium according 10 claim 3 in which the drying lemperatura is 50 - 100°C.

§. The optical recording medium according to ctaim 3 in which the drying is effected under the canditiens-of 100 ac
mora of (temperature, *C) x (time, hour)1/2. .
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OPTICAL RECORDING MEDIUM

ABSTRACT OF THE DISCLOSURE

. An optical recording medium of a single plate type
comprises a substrate, a recording layer overlying the
-substrate, a reflective layer overlying the recording
layer, and a protective layer overlying the reflective
layer, the recording ayer being produced by coating a
nonpolar §oivent—soluble substituted phthalocyanine_dye
in a nonpolar solvent, and in.the medium the content of
the nonpolar solvent :emaiﬁing in the recording layer

being 5 % by weight or less.
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