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OPTICAL INFORMATION RECORDING MEDIUM /

F

1. i n

The present invention relates to éﬁjoptical information
recording medium, and more particulérly to a writeable optical
information recording medium comprising at least a light
absorbing layer and light reflecting.layer on a transparent
substrate.

2. Descripti h Art

Conventional, writeable optical information recording media
are based on the structure wherein a light absorbing layer,
comprising an organic dye, is established on a transparent
substrate which is pre-grooved in a spiral pattern, and a
light reflecting layer, comprising a metal f£ilm or the like,
is further established on the light absorbing layer, as in
Japanese Patent Publication No. 07-105065.

Information is recorded as follows. A recording beam, such as
a laser beam, is shone on this optical information recording
medium from the substraté side thereof. The light absorbing
layer absorbs the energy and a pit is recorded by the heating
or decomposition of the dye in the light absorbing layer, or
the thermal deformation of the substrate.

Suéh a writeable optical information recording medium is
generally known as a “CD-R”. A CD-R is essentia;ly a compact -

disk (CD) for playback purposes or a disk such as a CD-ROM;
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2. ;Description_of the Related Art Conventional, witeable optical

Pnformati on recording nedia are based on the structure wherein a

| i ght absorbing | ayer, conprising an organic dye, is established on a
t ransparent " substrate which is pre-grooved in a spiral pattern, and a
light reflecting |layer, conprising a netal filmor the I|ike, IS
further established on the light absorbing layer, as in Japanese.

Pat ent Publication No. 07-105065. Information is recorded as foll ows.
A recordi pgikedn WA B2 writteh EBSUndEIAG Ithes HRAL (dimapidsal

I nformati on recordi ng medi um fromthe substrate side thereof. The

| i ght abseehiog@d. For lthder raas@m)s theeLRigy ik T ddibe vEideIgoniasl by t he
heat i ng or deconposition of the dye in the |ight absorbing |ayer, or

especially in the field of information processing.

With the increasing aﬁounts of information to be recorded and
the ever more highly complex levels of information processing,
the speed of recqrding on and reading from optical information
recording media have both been.increasing for the past several
years. 6X recording_agparétuses and 15X CD-ROM drives for
reading disks were common in the CD-R market by the end of
1996.-

When recoxrding at highlspeeds, like at 6X, for_example, the
line speed is multiplied six times and a high output laser
beam is radiated for 1/6 of each period of time corresponding
to each pit length nT.of the EFM signal. As a result, an
optical information recording medium recorded with a signal
having pit lengths within the presciibed range of 3T to 11T is
attained.

Consequently, in order to control the length of each recorded
pit T, the recording apparatus must have a precision greater
than in conventional recording at an equivalent speed.

Also, because pits of each prescribed length must be formed in
only a fraction of the time used before now, the impact of
heat generated during recording and of heat interference on
the recording medium is accordingly greater than before.

A consequent problem is that the 5itter, which results from
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the thermal deformation of the substrate. Such a writeabl e optical

i=nf ormati on recording nmediumis generally known as a "CO-R A CDRis
essentially a conpact di sk (CD) for playback purposes or a disk such
as a CD- ROM - 2- this can only be

witten to once and the records cannot be renmoved. For this reason, these
have come to be widely used, especially in the field of |nfornat|on
processi ng.

the thermal heterogenelty generated during high speed
recording, has been made worse.
In other words, it becomes impossible to attain an adeguate
reflectivity where k and dav ere high at the wavelenéth at
which data are to be recorded, when k is the imaginary number
portion of the complex index of tefraction of the film in the
aforementioned light absorbing layer, and dav is the mean film
thickness of the light absorbing layer. Oppositely, when k and
dav aie small, adequate reflectivity can be attained, but the
recording sensitivity drops and sufficient recording becomesl
impossible, even with the recording laser at maximum power.
When the aforementioned k and dav are high, a reflectivity
Rtop of 65% or greater cannot be achieved with a disk as the
recording medium.
Oppositely, when k and dav are low, the problems are that a
laser at sufficiently low power cannot effect recqrding and
the increased jitter makes it difficult to adjust to high
speed recording as discussed above.

SUMMARY OF THE INVENTION
In view of the foregoing, it is an object of the present
invention to provide an optical information recording medium,
which is recordable at high speeds because of increased
sensitivity to the recording beam.
It is another object of the present invention to provide an

optical information recording medium with increased
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Wth the increasing anounts of information to be recorded and the ever
nore highly conplex Ievels of information processing, the speed of
recordi ng on and reading fromoptical information recording nedia have
bot h been increasing for the past several years. 6X recordi ng apparatuses
and 15X CD-ROM drives for reading disks were comon in the CD-R market by
the end of 1996. Wen recording at high speeds, |ike at 6X, for exanple,
the line speed is nultiplied six tinmes and a high output |aser beamis

radi at eds$,0¢i 1 $i0f €ICEnOCEEOSr-Qlnd  BBahO FESRPEGTint §o8ACh Pit |ength

nT of the EFM signal. As a result; an opflca I nformation recording nedi um
recor dedsawhé it B St @ n@hd MEVWaB1iREtLohE Nk hEhe £8ESrd ey pPrescri bed range of

3T to 11T is
characteristics, meaning little difference in sensitivity,
even when recording with a_similar, but different type of
laser.
It is another object_of thelpresent invention to provide én
optical informatidn recording medium, which makes possible
sufficient reflectivity and stable recording and which can
reduce jitter.
It is another object of the present invention to provide an
optical information recording mediuﬁ, with good recording
sensitivity and playback characteristics because of adjusting
the following to within an appropriate range: the imaginary
number portion k of the complex index of refraction of the
film in the light absorbing layer, the mean film thickness dav
of the light absorbing layer, and the absorbency A related
thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross sectional view of the optical information
recording medium 1 relating to the present invention;
Figure 2 is a diagram showing the structural formula of the
benzoindodicarbocyanine dye, which may be used as the
principal light absorbing material in the optical information
‘recording medium 1 relating to the present invention;

Figure 3 is a graph of the absorbency A of the light absorbing
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attained. Consequently, in order to control the |ength of each recorded
pit T, the recording apparatus nust have a precision greater than in
conventional recording at an equival ent speed. Also, because pits of each
prescri bed I ength nust be forned in only a fraction of the tine used
before now, the inpact of heat generated during recording and of heat
interference on the recording nediumis accordingly greater than before.
A consequent problemis that the jitter, which results from

layer 3 with reference to wavelength, in the optical
information recording medium 1 relating to the present
invention;

Figure 4 is a diagram.sh§wing the structﬁral formula of the
methine C-7 indotricarbocfanine”aye, in the optical
information recording medium 1 relating to the present
invention; o |

Figure 5 is a diagram shdwing the structural formula of the
methine C-5 polymethiné dye, in the obtiéal information
recording medium 1 relating to the present invention; and
Figure 6 is a diagram showing the structural formula of the
benzoindodicarbocyaniné dye (Nihon Kankou Shikiso Kenkyusho
(Photosensitive Dye Research Institﬁte of Japan unofficial
translation), No. NK-3386), used in Embodiments 1, 2, and 4,
in the optical information recording medium 1 relating to the

present invention.

Specifically, the présent invention gives attention to the
adjustment to an appropriate range of k, dav and absorbency A
attained therefrom and is an optical information recording
medium for recording information by shining a recording beam
on a light absorbing layer, comprising a transparent
substrate; é light absorbing layer including a light absorbing
material, comprising a dye for absorbing the recording beam

from a laser, and which is established on this substrate; and
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- 3- the thermal heterogeneity generated during high speed recording, has
been made worse. In other words, it becones inpossible to attain an
adequate reflectivity where k and day are high at the wavel ength at which
data are to be recorded, when k is the inmaginary nunber portion of the
conpl ex index of refraction of the filmin the aforenentioned |ight
absorbing layer, and day is the nmean film thickness of the |ight absorbing
| ayer. Qppositely, when k and day are small, adequate reflectivity can be

gt tai neda Pught heef1EEOLAY NVaPEPSESL VEEF1E8E0DAgatHeSUAERRI BBAm aadr di ng
econes _ ‘
which is established on this light absorbing layer. In this

optical information'recording medium, 0.13 £ A £ 0.21 wheré A
(Abs) is the absorbency of the light .absorbing layer; and 6.0
< kdav < 12.6 at the wévelength of the aforementioned
recording beam, where k is the imaginary nuﬁber,portion of the
complex index of refraction.of the aforementioned light
absorbing layer and dav {nm) is the mean film thickness of the
light absorbing layer.

A material, such that the imaginary number portion k of the
complex index of refraction of the film of thé aforementioned

light absorbing layer becomes 0.1 £ k £ 2.0 at the wavelernigth

of the aforementioned recording laser, can be added to the
‘aforementioned light absorbing layer.
The mean film thickness dav of the aforementioned light

absorbing layer can be 40 nm < dav £ 85 nm.

The aforementioned light absorbing material can comprise 80
mol% or more of benzoic cyvanine dye having the structural
formula shown in Figure 2.

The optical information recording medium relating to the
present invention can have good recording sensitivity and

playback properties because of being constituted such that

0.13 < A £ 0.21 where A (Abs) is the absorbency of the light

absorbing layer; and 6.0 < k-dav < 12.0 at the wavelength of
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| npossi ble, even with the recording |aser at maxi mum power. Wen the

af orenenti oned k and day are high, a reflectivity Rtop of 65%or greater
cannot be achieved with a disk as the recording nmedium Qppositely, when
k and day are | ow, the problens are that a |aser at sufficiently | ow power
cannot effect recording and the increased jitter makes it difficult to
adjust to high speed recording as discussed above.

SUMVARY OF THE I NVENTION In view of the foregoing, it is an object of the

S cHISAEERG BEA Conat oR Uanu UfuRTLLRY. nesB rERUTE

recordi nghBeabinplex index of refraction of the light absorbing layer
and dav is the mean film thickness of the light absorbing
layer. |
‘The present invention is explained more specifically below.
Figure 1 is a cross sectional view of the optical information
recording medium 1 relating to.the present invention. The
optical information recording medium 1 comprises a transparent
substrate 2, a light absorbing layer 3 formed on the substrate
2, a light reflecting layer 4 formed on the light absorbing
layer 3, and a protective layer.s formed on the light
reflecting laver 4.
A spiral-shaped pre-groove 6 is formed on the substrate 2. A
portion other than the pre-groove 6, Specifically land 7, is
located on either side of ﬁhe pre-groove 6.
The light absorbing layer 3 comprises a principal light
absorbing material, comprising one or a plurality of dyes
which absorb the laser beam L1, and as necessary, stabilizers
for stabilizing this principal light absorbing material or
other additives.
The stabilizer (light stabilizer) is a compound wherein the
absorption peak of the film is within the near infrared range
of wavelength 900 -~ 1100 nm, and which has weak absorption of
light in the range from short wavelengths, in the range

absorbed by the principal light absorbing material, to long
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It is another object of the present invention to provide an optical

I=nf ormati on recording nmediumw th increased

-4- sensitivity to the recording beam resulting in good sensitivity and
no variations in‘the recording characteristics, neaning little difference
in sensitivity, even when recording with a simlar, but different type of

| aser. :

wavelengths, the ultraviolet range of 1500 nm or greater. For
this reason, the étabilizer is a compound which is very
effective in stabilizing the principal light absorbing
material, although it cannot be expected to greatly improve
recording sensitivity.

This stabilizer may be aminium salt, imonium salt, oxr a
dithiol conjugate such as dithiobenzyl.

This stabiliZer must be included in the light absorbing layer
3 so as to make up 0.1 -~ 30 wt%, and preferably 1 - 25 wt%,
and more preferably 5 - 20 wt%.

Moreover, the solvent used when applying the mixture of the
principal light absorbing material, long wavelength absorbing
agent, and stabilizer may comprise 0.01 - 1.0 wt% of the light
absorbing layer 3.

The solvent for application used here can be an alcohol such
as isopropyl alcohol or butanol; an alkoxy alcohol such as
methylcellosolve or ethylcellosolve;'a ketoalcohol such as
diacetone alcohol or acetyl acetone; lactic acid ester such as
ethyl lactate or methyl lactate; or alcohol fluoride such as
2,2,3,3 tetrafluoropropanol. The solvent for application is
not, however, limited to these.

Moreover, spin coating is generally used in forming the light
absorbing layer 3 because of flexibility, but dip coating or
vapor deposition methods may be used as necessary.

In view of application properties during coating, resin
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It is another object of the present invention to provide an optical

i=nf ormati on recordi ng nmedi um which nakes possible sufficient reflectivity
and stable recording and which can reduce jitter. It is another object of
the present invention to provide an optical information recording nmedi um
wi th good recording sensitivity and playback characteristics because of
adjusting the followwing to within an appropriate range: the inmaginary
nunber portion k of the conplex index of refraction of the filmin the

L oht absgRRg sl AKST a1ee HEPAdd Bof ek NaghelAbs il 1aydllt APSOrbing
| ayer, and the absorbency A related thereto
The additive resin may be a thermoplastic resin such as
nitrocellulose, a resin such as thermoplastic elastomer,
liquid rubber, or the like.
Specifically, the resin may be isobutylene, maleic anhydride
copolymer, ethylene oxide copolymer, polypropvlene chloride,
polyethylené oxide, polyamide, nylon, cumarone resin, ketone
resin, vinyl acétate, polystyrene, PVA (polyvinyl alcohol),
PVE (polyvinylester), or the like.
The cellulose derivative may be carboxymethyl cellulose,
nitrocellulose, HPC (hydroxypropyl cellulose), HEC
(hydroxyethyl cellulose), MC (methyl cellulose), EC (ethyl
cellulose), EHEC (ethylhydroxyethyl cellulosé), CMEC
(carboxymethylethyl cellulose), or the like.
The oligomer may be oligostyrene, methylstyrene oligomer, or
the like.
The elastomer rubber may be styrene block copolymer, urethane-
type thermoplastic elastomer, or the like.
Moreover, the substrate 2 and light absorbing laver 3 are in
contact via the first interlayer 8. The light absorbing layer
3 and light reflecting layer 4 are in contact via the second
interlayer 9. the light reflecting layer 4 and the protective
layer 5 are in contact via the third interlayer 10.
As shown in the figures, when the recording beam (recording

laser beam) L1l strikes the optical information recording
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BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a cross sectional view of
tthe optical information recording nediuml relating to the present
invention; Figure 2 is a diagramshowi ng the structural formula of the
benzoi ndodi car bocyani ne dye, which may be used as the principal |ight
absorbing material in the optical information recording nedium1 relating
to the present invention; Figure 3 is a graph of the absorbency A of the
| i ght absor bi ng - 5-

medium 1, the light absorbing layer 3 absorbs the energy of
this laser beam L1 and is heated thereby..Thermal deformation
oceurs on the side toward the substrate 2 and forms a pit 11.
The index of refraction of the pit 11l portion is changed by
the thermal decomposition of the dye in the light absorbing
layer 3 at the recorded portion..
Information is read by shlnlng the playback beam (playbadk
laser beam) L2 on this pit 11 portion and finding the.pit.
contrast from the thermal deformation of the substrate 2 at
the pit 11 portion, and from the diffraction of light caused
by the optical phase difference, due to the difference in the
indexes of refraction of the pit 11 portion and the non-pitted
portion (land 7). |
Moreover, the principal light absdrbing material (principle
light absorbing agent) is.a material which absorbs the laser
beam L1 and breaks down during recording, creates variations
in the index of refraction within the light absorbing layer 3,
and causes the formation of the pit 11.
The aforementioned light absorbing material can include the
benzoic cyanine dye having the structural formula shown in
Figure 2.
The aforementioned benzoic cyvanine dye is
benzoindodicarbocyanine, for example; the light absorbing
layer can include 80 mol% or more of the

benzoindodicarbocyanine so that the peak wavelength of

i _
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| ayer 3 with reference to wavelength, in the optical information recording
nedium 1l relating to the present invention; Figure 4 is a diagram show ng
the structural forrmula of the nmethine C 7 indotricarbocyanine dye, in the
optical information recording nedium1 relating to the present invention;
Figure 5 is a diagramshow ng the structural fornmula of the nethine G5

pol ynet hine dye, in the optical information recording nedium1l1 relating to
the present invention; and Figure 6 is a diagram show ng the structural

formul a ohpsbeneRey? Fordedie® FHARCHINHAD A oeNgh@aciankou Shikiso Kenkyusho
0.13 < A = 0.21, where A (Abs) is the absorbency of the light
absorbing layer 3.
6.0 < kdav £ 12.0 at the wavelength of the recording beam L1,
where k is the imaginary number portion of the complex index
of refraction o: the film of the light absorbing layer 3 and
dav is the mean f£ilm thickness of the light-absorbing layer 3.
k-dav is the barometer showing the degree of light absorption
in the light absorbing layer 3. Up to now, k=0.05 and dav=100
nm, for example, so k-dav=5.0. With the present invention,
however, the mean film thickness dav is smaller and the
imaginary number portion k of the complex index of refraction
of the film in the light absorbing layer 3 is greater.

In other words, it is possible that 40 < dav (nm) < 85 and 6.0
< kdav £ 12.0.

When the mean film thickness dav is 40 nm or less, it is
difficult to attain the percentage modulation of 60% which
conforms to CD standards. When dév is 85 nm or greater, the
jitter during playback becomes bad because of the accumulation
of heat in the dye £ilm, and as a result, it becomes difficult
to achieve sufficient stability for playback.

In other words, if the imaginary number portion k of the
complex index of refraction of the.film is small but the film

thickness dav of the light absorbing layer 3 is large, the pit
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(Photosensitive Dye Research Institute of Japan unofficial translation),
No. NK-3386), used in Enbodinents 1, 2, and 4, in the optical information
recording medium 1l relating to the present invention.

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Specifically, the present

I nvention gives attention to the adjustnent to an appropriate range of Kk,
day and absorbency A attained therefromand is an optical information
recording nediumfor recording information by shining a recordi ng beam on

a |ight alisardidibrciieiiatSINdatietl durin sRirding Wisd ratfecdrdedhpit
absorbing layer including a |light absorbing material, conprising a dye for
absor bi ngL1 hevttieftordisnrdasarded with stability, can be attained.
Oppositely, if the imaginary number portion“k_of the complex
index of refraction of the film is great but the £ilm
thickness dav is small, a recorded pit 11, recorded with
stability, can be attained because the dye in the pit is
sufficiently broken down. | |
When.A is less than 0.13 or kdav is - -less than 6.0, the
récording sensitivity becomes bad.

When A is greater than 0.21 and k-dav is greater than 12.0, the

degree of absorption of the laser beam becomes too high,
jitter becomes bad, and it becomes difficult to achieve the
reflectivity.

Making reflectivity easy to achieve makes it possible to use
relatively inexpensive aluminum (Al) or silver (Ag) as the .
material for the light reflegting layer 4, instead of gold
(Au) which is expensive and has been used up to now.
Furthermore, Figure 3 is a graph of the absorbency A of the
light absorbing layer 3 in relation to wavelength. As shown in
the figure, absbrbency generally decreases as.wavelength
increases, but it is possible to increase absorbency by adding

a long-wavelength absorption material, so that k at the
wavelength of the recording beam L1 becomes 0.1 <k £ 2.0

(dotted iine in figure). Absorbency is adjusted by

———
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froma laser, and which is established on this substrate; and :
=6 - a light reflecting layer for reflecting the | aser beamand which is
established on this |ight absorbing layer. In this optical information
recording medium 0.13 < A < 0.21 where A (Abs) is the absorbency of the

| i ght absorbing layer; and 6.0 < k.dav < 12.0 at the wavel ength of the

af orenenti-oned recording beam where k is the imagi nary nunber portion of
the conplex index of refraction of the aforenentioned |ight

synthesizing the two; k, dav, and A (Abs) can be kept within
the range discussed above across all wavelengths of the
recording béam'Ll.

.The followinglcan be used as this additive material: methine
C-7 indotricarbocyanine dye as shown in Figure 4, methine C-5
polymethine dye as shown in Figure 5, or porphyrin dye such as
naphth&ldcyaniné. .

First embodiment

‘An optical information recording medium, which is an
embodiment of the present iﬁvention, is explained nexﬁ.
Injeétion mﬁlding was used to produce a polycarbonate
substrate 2, with thickness 1.2 mm, outer diameter 120 mm, and

inner diametexr 15 mm,'and whereon is formed a spiral-shaped
pre-groove .6 with width 0.55 pum, depth 185 nm, pitch 1.6 um.

Next, the benzoindodicarbocyanine dye (No. NK-3386) with the .
structure shown in Figure 6, used as the recérding dye, was
dissolved in diacetone alcohol at 30 grams/liter. This was
applied on the aforementioned substrate 2 and a dye film layer
(light absorbing layer 3) with a film thickness dav of 69 nm
was formed.

At this time, the absorbency A of this film was 0.20 (Abs) at
a wavelength of 780 nm.

Also, the optical constant of this film, the imaginary number

portion k (of the complex index of refraction of the film), is

k=0.1, consequently k:dav=6.9.

This Sheet Has Been RTlaced . "

13



absorbing | ayer and day (nm is the nean filmthickness of the |[ight
absorbing layer. A material, such that the imagi nary nunber portion k of
the conplex index of refraction of the filmof the aforenentioned |ight
absorbing | ayer becomes 0.1 < k < 2.0 at the wavelength of the
aforenmentioned recording | aser, can be added to the aforenentioned |ight
absorbing layer. The nean filmthickness day of the aforenentioned |ight
absorbing layer can be 40 nm< day < 85 nm The aforenentioned |i ght

absor bi ”%@i&ﬁt%afﬁé‘céﬂf&rléfeﬁ% ”@i%%hﬂ@fcﬁe&é P8OZAMCapyani ne dye
having the structural formula shown in Figure 2
comprising gold (Au), was formed by RF sputtering on the
substrate 2 having this dye film applied thereon. An
ultraviolet-curable resin (Dainippon Ink and Chemicals, Inc.,

SD-211) was spin coated on this light reflecting layer 4 and -
exposed to ultraviolet light, forming a 10 um thick protective

layer 5.
The reflectivity at wavelength 780 nm of the optical
information recording medium 1 attained in this way was
Rg=70.5%R. After recording at a linear velocity of 1.2 m/s
with a recording apparatus (Pulse-tech, DDU-1000) using the
780 nm wavelength, it was found that the following could be
attained through recording at the low power of 6.2 mW:
modulation amplitude I1ll/Itop=75.4%, I3/Itop=33.2%,
Rtop=68.2%R; jitter in the 3T - 11T region; and both the land
7 and pit 11 had a good eye pattern signal of 30 ns or less.
*Itop” is the maximum amount of reflected light in the CD
playback signal. “Ill" is the optical modulation component
corresponding to the difference between the amount of
reflected light diffracted by the longest length pit recorded
and returned to the objective lens, and the amount of light
reflected by the nonfpitted portions and returned to the
objective lens. “I3" is the optical modulation component
corresponding to the difference between the amount of
reflected light diffracted by the shortest pit recorded apd
*‘_‘“‘**—~——~——_;;
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The optical information recording nmediumrelating to the present invention
can have good recording sensitivity and playback properties because of
bei ng constituted such that 0.13 < A< 0.21 where A (Abs) is the
absorbency of the light absorbing layer; and 6.0 < k.dav < 12.0 at the
wavel engt h of -7- t he recording
beam where k is the imaginary nunber portion of the conplex index of
refraction of the |ight absorbing |ayer

returned to the objective lens, and the amount of light
reflected by the non-pitted portions and returned to the
objective lens. |

Second embodiment

Using the same type of substrate 2 as was used in the first
embodiment, 97 wﬁ% of the benzoindodicarbocyanine dye (No. NK-
3386, Figure 6)/ having the same structure as in the first
embodiment, and 3 wt% of the polymethine dye shown in Figure 5
were_dissolved in diacetone alcohol at 30 grams/liter. This
was applied on the afbrementiened substrate 2 aﬁd a dye f£film
layer (light absorbing layer 3) with a film thickness dav of
65 nm was formed |
At this time, the absorbency A of this film at wavelengths of
780 nm and 790 nm was 0.20 (Abs) and 0.18 (Abs) respectively.
Also, the imaginary number pqrtion k of the complex index of
refraction of the polymethine dye shown in Figure 5, at
wavelengths of 780 nm and 790 nm, was 0.90 and‘0.93
respectively.

The imaginary number portion of the complex index of
refraction of the aforementioned dye £ilm layer (light

absorbing layer 3), at wavelengths of 780 nm and 790 nm, was
k780=0.11 and k790=0.10}'consequently,]odav at wavelengths 780
nm and 790 nm was 7.15 and 6.50 respectively.

As in the first embodiment, a light reflecting layer 4,

comprising gold (Au), by RF sputtering, and a protective layer
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and day is the nean filmthickness of the Iight absorbing |layer. The
present invention is explained nore specifically below Figure 1 is a
cross sectional view of the optical information "recording nmedium1
relating to the present invention. The optical information recording
medium 1 conprises a transparent substrate 2, a |light absorbing |ayer 3
formed on the substrate 2, a light reflectlng | ayer 4 formed on the |ight
absorbing layer 3, and a protective layer' 5 formed on the |ight :

reflecting lo@arlcéavﬂc\ﬁ@-rcﬂfaﬂi@%s%e WROR rhheS JrIriRd éﬂbéﬂ]?ate '

substrate 2. portion other -than the pre-groove 6, specifically | and 7,
S hav1ng.th1s dye film applied thereon. :

The reflectivity at wavelengths 780 nm and 790 nm of the
optical information recording medium attained in this manner
are respectively Rg 780=71.0%R and Rg 790=70.2%. When 4X
recording at linear”velocity 4.8 m/s was performed using a
recording apparatus (Yamaha, CD-R100) using lasers with |
wavelengths 780 nm and 7§0 nm, the modulation amplitude and
reflectivity Rtop were Ill/Itop=77.2%, I3/It6p=39;0%,
Rtop=67.3%R in the case of recording with the 780 nm
wavelength laser, and I1l/Itop=78.4%, I3/Itop=34.1%,
Rtop=68.2%R in the case of recording with the 790 nm
wavelength laser. The jitter in each case was in the 3T - 11T
region and both the land 7 and pit 11 could attain a good eye
pattern signal of 33 ns or less. |

The recording power at this time was 12.0 mW when using
-wavelength 780 nm and 12.5 mW when using wavelength 790 nm.
Recording could be effected at sufficiently low recording
power for a maximum laser output of 16.0 mW.

Third embodiment

A dye (No. NK-3251) wherein Rl= -(CH,);-, R2=CH,;, Y=H, and X =I~
in the benzoic cyanine dye with the structure shown in Figure
2, as the recording dye, was dissolved in diacetone alcohol at
23 grams/liter. This was applied on the substrate 2 attained

with the same method as in the first embodiment and a dye film

—_—
T
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- located on either side of the pre-groove 6. The |ight absorbing | ayer 3

conprises a principal Iight absorbing material, conprising one or a
plurality of dyes which absorb the |aser beam L1, and as necessary,
stabilizers for 'stabilizing this principal |ight absorbing material or

ot her additives. The stabilizer (light stabilizer) is a conpound wherein
the absorption peak of the filmis within the near infrared range of
wavel ength 900 - 1100 nm and whi ch has weak absorption of light in the

range 110Dt MRKE SIS A T 3105 APOAY Rh Y] P TN

absor bi ng eria
46 nm was formed.

At this time, the absorbency A of this film was 0.14 (Abs) at
a wavelength of 780 nm.
The optical constant of this £ilm, the 1mag1nary number
_ portion k (of the complex index of refraction of the film), is
‘k=0. i3 and consequent;ly kdav=6.0.

As_in the first embodiment, a light reflecting layer 4,
comprising gold (Au), by RF sputtering, and a protective layer
5 of ultraviolet-curable resin were formed on the substrate 2
having this dye-film applied thereon.

The reflectivity at wavelength 780 nm of the opticai
. information recording medium attained in this manner was
Rg=73.5%R. When recorded at linear velocity 1.2 m/s with a
recording apparatus (Pulse-tech, DDU-1000) using 780 nm
wavelength, the modulation amplitude was Ill/Itop=60.8%,
I3/Itop=30.1%, Rtop=71.3%R. The jitter was in the 3T - 11T
region and both the land 7 and pit 11 could attain a good eye
pattern signal of 30 ns or less with low power recording at
7.4 mW.

Fourth embodiment

The same type of dye as in the first embodiment was used as
the recording dye and dissolved in diacetone alcohol at 35
grams/liter. This was applied on the substrate 2 attained with

the same method as in the first embodiment and a dye film

T

——
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- 8- wavel engths, the ultraviolet range of 1500 nmor greater. For this
rreason, the stabilizer is a conpound which is very effective in '
stabilizing the principal light absorbing material, although it cannot be
expected to greatly inprove recording sensitivity. This stabilizer may be
amniumsalt, imniumsalt, or a dithiol conjugate such as dithiobenzyl
This stabilizer nmust be included in the Iight absorbing layer 3 so as to
make up 0.1 - 30 wt% and preferably 1 - 25 w%

layer (light absorbing layer 3) with f£ilm thickness dav 82 nm
was formed. _

At.this time, the absorbency A of this film was.0.21 (Abs) at
a wavelength of 780 nm.

The optical constant of this film, the imaginary number
_portion k (of the complex index of refraction of the film), is

k=0.1 and consequently k-dav=8.2.

As in the first embodiment, a light reflecting layer 4,
comprising gold (Au), by RF sputtering, and a protective layer
5 of ultraviolet-curable resin were formed on the substrate 2
having this dye film applied thereon. |
The reflectivity at wavelength 780 nm of the optical
information recording medium attained in this manner was
Rg=68.2%R. When recorded at linear Velocity 1.2 m/s with a
. recording apparatus (Pulse-tech, DDU-1000) using 780 nm
wavelength, the modulation amplitude was Ill/Itop=83.5%,
I3/Itop=36.8%, Rtop=65.2%R. The jitter was in the 3T - 11T
region and both the land 7 and pit 11 could attain a good eye .
pattern signal of 30 ns or less with low power recording at
6.0 mW.
Fifth embodiment
Injection molding was used to produce a polycarbonate
substrate 2, with thickness 0.6 mm, outer diameter 120 mm, and

inner diameter 15 mm, and whereon is formed a spiral-shaped

pre-groove 6 with width 0.4 um, depth 100 nm, pitch 0.8 um.

*__ﬁ_______;_______
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and nore preferably 5 - 20 wt% Moreover, the solvent used when applying
tthe m xture of the principal |ight absorbing material, |ong wavel ength
absorbing agent, and stabilizer may conprise 0.01 - 1.0 wt % of the |ight
absorbing layer 3. The solvent for application used here can be an al cohol
such as isopropyl alcohol or butanol; an al koxy al cohol such as

met hyl cel | osol ve or ethyl cell osol ve; a ketoal cohol such as diacetone

al cohol or acetyl acetone; lactic acid ester such as ethyl |actate or

met hyl | agdat €; 1-@!—;%:?8{'913 fél@{mé’aufﬂfétﬁs(l%%éa@yifi fﬁiéﬂﬁéeﬂwpﬁﬂo'

The sol vent for application is not, however, limted to
indolinylidene)-1-propenyl- 3H—1nd011n1um_perchlorate (No. NK-
4320); used as the recording dye, was dissolved in diacetone
alcohol at 30 grams/liter..Thié was applied on the |

' ‘aforementionéd substrate 2 and a dye film layer (light
absorbing layer 3) with a film thickness dav of 71 nm was
formed. |
At this time, the absorbéncy A of this film was 0.18 (Abs) at
a wavelength of 635 nm. |
Also, the.oﬁtical constant of this £film, the.imaginary number
portion k (of the éomplex index of refraction of the film), is
k=0.10, consequently k-dav=7.1.

A light reflecting layer 4, with thickness 100 nm and
comprising aluminum (Al), was formed by RF sputtering on the
substrate 2 having this dye film applied thereon. An
ultraviolet-curable resin (Dainippon Ink and Chemicals, Inc.,
SD-211) was spin coated on this light reflecting layer 4. A
polycarbonate supporting substrate, with thickness 0.6 mm,
outer diameter 120 mm, and inner diameter 15 mm, was applied
thereon. This was exposed to ultraviolet light from the side
of the supporting substrate and the two substrates were
adhered.

When the optical information recording medium 1 attained in
this manner was recorded upon at a linear velocity of 3.5 m/s

~using a recording apparatus with a 635 nm wavelength
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Mor eover, spin coating is generally used in formng the Iight absorbing
l.ayer 3 because of flexibility, but dip coating or vapor deposition

nmet hods may be used as necessary. |In view of application properties during
coating, resin - . -9- bi nders may

al so be added to the |ight absorbing layer 3. The additive resin may be a
thernopl astic resin such as nitrocellulose, a resin such as thernoplastic
el ast oner, - -

semiconductor laser, the modulation amplitude was
I14/Itop=62.4%, Rtop=60.3%R. A recording with good jitter
properties could be attained at a recording power of 11.0 mW.
Comparison example _

The dye (No. NK-3251) used in the third embodiment was
dissolved in diacetone alcohol at 20 grams/liter. This was
épplied-on the Substrate attained with the same method as in
the first embodiment and a dye_film'layer (light-absorbing
layer 3) with film thickness dav of.45 nm was formed.

At this time, the absorbency A of this film was 0.13 (Abs) at
a wavelength of 780 nm.

Also, the oﬁtical constant of this film, the imaginary number
portion k (of the complex index of refraction of the film), is
k=0.13, co_nsequently k-dav=5.9.

As in the first embodiment, a light reflecting layer 4,
comprising gold (au), by.RF sputtering, and a protective layer
5 of ultraviolet-curable resin were formed on the substrate 2
having this dye f£ilm applied thereon.

The reflectivity at wavelength 780 nm of the optical
information recording medium 1 attained in this manner was
Rg=74.3%R. When recorded at linear velocity 1.2 m/s with a
recording apparatus (Pulse-tech, DDU-1000) using 780 nm
wavelength, the modulation amplitude was I1l/Itop=58.2%,
I3/Itop=29.2%; neither'satisfies CD standards.

A high recording power of 8 mW or more was required in this
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liquid rubber, or the like. Specifically, the resin may be isobutyl ene,
mal ei ¢ anhydri de copol yner, ethylene oxide copol yner, pol ypropyl ene

chl oride, polyethylene oxide, polyam de, nylon, cunarone resin, ketone
resin, vinyl acetate, polystyrene, PVA (polyvinyl alcohol), PVE

(pol yvinylester), or the like. The cellulose derivative may be

car boxynet hyl cellul ose, nitrocellulose, HPC (hydroxypropyl cellulose),
HEC (hydroxyethyl cellulose), MC (nethyl cellulose), EC (ethyl

cel | ul ose) nJEEG( €t hyl hydroxyet hyl cellulose), CMEC (carboxynethyl et hyl
cellulose), or the like. The oligonmer may be oligostyrene, nethyl styrene

ol i goner, a@r dilb@slselde above, the present invention limits the mean film
thickness dav, absorbency A, and imaginary number portion k of
the complex index of refraction of the film to a prescribed
range; the present invention'cén thereby provide an optical
information recording medium with superior properties and

which offers stable recording and sufficient reflectivity.
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The el ast oner : .
t-hernopl astic el astoner, or the |ike. "Mreover, the substrate 2 and |ight

rubber may be styrene bl ock copol ynmer, urethane- type

absorbing layer 3 are in contact via the first |nterlayer 8. The I|ight
absor bi ng Iayer 3 and light reflecting layer 4 are in contact via the

second iQ
| ayer 5 art

figures, when
optical infor

.!‘ b G}

reflecting layer 4 and the protective
Thrd interlayer 10. As shown in the

!_ )
b?:ééﬁﬁggég?g%ﬁ%&%( A ﬂeai% Q%&@jhxjel 15trikes the
Transparent substrate

Light absorbing layer

Light reflecting layer

Protective layer

Spiral-shaped pre-groove

Land

First interlayer

Secona”inteflayer .

Third interlayer

Pit

Recording beam (léser beam for recording)
Playback beam (laser beam for playback)

Imaginary number portion of complex index of refraction

" of film in light absorbing layer 3 at wavelength of the

recording beam L1
Mean film thickness (nm) of light absorbing layer 3

Absorbency (Abs) of light absorbing layer 3
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- 10 - medium 1, the |ight absorbing |ayer 3 absorbs the energy of this
l.aser beam L1 and is heated thereby. Thermal defor ' ccurs on the
side toward the substrate 2 and fornms apit 11. The i 1&& refraction of

the pit 11 portion is changed by the the mnm m n of the dye in
the Iight absorbing layer 3 at the recor ormation is read

by shining the playback beam (pl ayback Ia§er bean) L2 on this pit 11
portion and finding the pit contrast fromthe thernal deformation of the

substrat gndrals Ehaipiels ¥k.portion, and fromthe diffraction of Iight

caused
1. An optical information recording medium comprising:

a transparent substréte;'

a light absorbing layer established on the substrate
and comprising a light absorbing material, constituted from a |

..dye which absorbs the recording iaser-beam; and

a light reflecting layer established on the light
absorbing layer and which reflects the laser beam;

wherein information is récorded through the shining
of said recording beam on said 1ight absorbing layer;

0.13 £ A £ 0.21 where A (Abs) islthe absorbency of
said light absorbing layer at the wavelength of said recording
beam; and

6.0 < kdav £ 12.0 where k is the imaginary number

- portion of the complex index of refraction of the film in said
light absorbing layer and dav (nm) is the mean film thickness
of the light absorbing layer, at the wavelength of said
recording beam.

2. The optical information recording medium, according
to claim 1, wherein a material, where the imaginary number
portion k of the complex index of refraction of the film of

said light absorbing layer becomes 0.1 £ k £ 2.0 at the

wavelength of said recording beam, is added to said light

absorbing layer.
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by fhe optical phase difference, due to the difference in the indexes of
refraction of the pit 11 portion and.the non-pitted portion (land 7).

Mor eover, the principal light a ﬂ (principle 1light
absorbing agent) is a materi al mmmlmmﬂuﬁl ﬂ | aser beam L1 and breaks
down during recording, creates vdri&tibns" in #he index of refraction

within the |light absorbing layer 3, and causes the formation of the pit
11. The aforenentioned |ight absorbing material can include the benzoic

d h
cyani ne dye hawiag Jt8 Sr Ueidy: aéﬁHﬂ“#f%&gEl Oé&%aﬁggcyan|ne x?%r

af orenmenti oned benzoi c cyani ne dye 1S enzol n
exanpl e; the |it@hlc133s0rbi Rherein the mean film thickness dav of said

light absorbing layer is 40 nm S.dav < 85 nm.

4. The optical information recording medium, according
to claim 1, Qherein 80 mol% or more of said light absorbing
material comprises the benzdid cyanine dye having the

structural formula shown in Figure 2.
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| ayer can include 80 nol % or nore of the benzoindodicarbocyani ne so that
t-he peak wavel engt h of absorbency for the filmis 710 nm or
greater. 0.13 < A< 0.21, where A (Abs) is the absorbency of the |ight
absorbing layer 3. 6.0 < k.dav < 12.0 at the wavel ength of the recording
beam L1, where k is the imaginary nunber portion of the conplex index

ABSTRACT OF THE DISCLOSURE
By keeping the imaginary number portion k of the complex index
of refraction of the film of the light absorbing layer 3, the
mean film thickness dav of the iight absorbing layer 3, and
the absorbency A related thereto within an appropriate range,
the present invention provides an optical information
récording medium with good recording sensitivity and playback
'properties, which makes possible high speed recording by
increasing.the sensitivity to the recording beam and stable
recording with sufficient reflecti&ity, and which can reduce
jitter.
In the present invention, 0.13 £ A < 0.21 where A (Abs) is the
absorbency of the light absorbing layer at the wa&elength of

the recording beam; and 6.0 £ kdav £ 12.0 where k is the

imaginary number portiqn of the complex index of refraction of
the film in the light absorbing layer and dav (nm) is the mean
film thickness of the light absorbihg layer, at the wavelength

of the recording beam.
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of refraction of the filmof the light absorbing layer 3 and day is the
nmean filmthickness of the |ight absorbing layer 3. k.day is the baroneter
showi ng the degree of |ight absorption in the light absorbing layer 3. Up
to now, k=0.05 and dav=100 nm for exanple, so kdav=5.0. Wth the present
i nvention, however, the nean filmthickness day is smaller and the

i magi nary nunber portion k of the conplex index of refraction of the film
in the |ight absorbing layer 3 is greater. 1In other words, it is possible
that 40 < day (nm < 85 and 6.0 < k.dav < 12.0. Wen the nean film

thi ckness day:is 40 nmor less, it is difficult to attain the percentage
nodul ati on of 60% whi ch '

\'

O
©

Q ;%

<

00

o)

A <0.21
-dav £12

=
=k

013
6.0

(
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conforns to CD standards. Wien day is 85 nmor greater, the jitter during
pl ayback becones bad because of the accunulation of heat in the dye film
and as a result, it beconmes difficult to achieve sufficient stability for
pl ayback. In other words, if the inmaginary nunber portion k of the
conpl ex index of refraction of the filmis small but the film thickness
day of the light absorbing layer 3 is Iarge the pit

-12 - 11 is appropriately heatedj]ﬂ 1ng;re?2!d|ng and a recorded pit

Rz
Ry Y. RRz 0
L CH=CH-C=CH-CH & N

- i
X R

90
-2

= (~CH2)a—CH3 n=0~4
Rz2= —CHs
Y = —=CHs3., -C|, -Br, —O , —H etc.

X"= Cl03, BFs, PF&, SbFs.CFsCOO~

c\~, Br, I, F,etc.

Fig.3

INCREASING CURVE IN
ACCORD WITH ADDITION
\

ABSORBENCY (Abs) —a

WAVELENGTH —>
— TAYVEE .

—_—
—_—
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11; which was recorded with stability, can be attained. Qppositely, if the
I magi nary nunber portion k of the conplex index of refraction of the film
is great but the film thickness day is small, a recorded pit 11, recorded
with stability, can be attained because the dye in the pit is

sufficiently broken down. Wen Ais less than 0.13 or k.dav is |ess than
6.0, the recording sensitivity beco Rad. Wien A is greater -than 0.21
and k.dav is greater than 12.0, the Ziib! g; sorption of the | aser beam
beconmes too high, jitter becones ba d ones difficult to achieve

the reflectivity.

n Me Me
N/ (CH=CH)3"CH
| | |

E g
t I- Et

Fig.S

OC=CH CH—CH -C

Fig.6
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Nhking%ﬁéﬁﬁ LAGEMENT, S Sto ¥ pe e makes it possible to use relgtively ; '
i nex AR mPAB) ¢ zp&g b (Ag) .as the material for the I|ight \p0s ¥
refl Cr}lﬁff!( er- PA2CY ns e &8 3 dd (Au) which is expensive and has been
used L@ rawingls) : pat Igg feoure 3 is a graph of the absorbency A of

t he gMstragis or:pagest £ erpageq A*r ¢l ati on to wavel ength. As shown in the
figure, absorbency gener QL% glecr gases as_mavelength I ncreases, but it is
poss bbATEOOFnREeEHEI‘a.l%g ency by adding a |ong-wavel ength absorpt|on

mat erTat—So That K at the wavelength of the recording beam L1l becones 0.1

<k <2.0 (dotted line |n fchr%kFoAbs%&%gn% ck%uﬁgcyiéﬁp y

BACKGROUND OF THE INVENTION
1. Eield of the Invention _
The present inventipn relates to an optical information
recording medium, and more particularly to a writeable optical
information recording medium comprising at least a light
absorbing layer and light reflecting layer on a transparent
substrate.
2. Description of the Related Art
Conventional, writeable optical information recording media
are based on the structure wherein a light absorbing layer,
comprising an organic dye, is established on a transparent
substrate which is pre-grooved in a spiral pattern, and a
light reflecting layer, comprising a!metal £ilm or the like,
is further established on the light absorbing layer, as in

_Japahese Patent Publication No. 07-105065.

- Information is recbrded as follows. A recording beam, such as
a laser beam, is shone on this optical'information recording
medium from the substrate side thereof. The light absorbing
layer absorbs the energy and a pit is recorded by the heating
or decomposition of the dye in the light absorbing layer, or
the thermal deformation of the substrate.

Such a writeéble_optical information recording medium is
generally known as a “CD-R”. A CD-R is essentially a compact

disk (CD) for playbéck purposes or a disk such as a CD-ROM;
REPLACEMENT SHEET
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-13 - synthesi zing the two; k, day, and A (Abs) can be kept within the
range di scussed above across all wavel engths of the recording beamlL1l

The followi ng can be used as this additive naterial: nmethine C7

i ndot ri carbocyani ne dye as shown in Figure 4, nethine C-5 polynethine dye
as shown in Figure 5, or porphyrin dye sugh as naphthal ocyanine. First
enbodi ment  An optical information recoretng nmedium which is an

this can only be written to once and the records cannot be
removed. For this reason, these have come to be widely gsed,
‘especially in the field of information processing.

With the increasing amounts of information to be recorded and
the ever more highly complex levels of information processing,
the speed of récording on and reading from optical information
recofaing media have both been increasing for the past several
vears. 6X recording apparatuses and 15X CD-ROM drives for
reading disks were common in the CD-R market by the end of
1996. |

When recording at high speeds, like at 6X, for example, the
line speed is multiplied six times and a high output laser
beam is radiated for 1/6 of each period of time corresponding
to each pit length nT of the EFM signal. As a result, an
optical information recording medium recorded with a signal
having pit lengths within the prescribed range of 3T to 11T is
attained.

Consequently, in order to control the length of each recorded
pit T, the recording apparatus must have a precision greater
than in conventional recording at an equivalent speed.

Also, because pits of each prescribed length must be formed in
only a fraction of the time used before now, the impact of
heat generated during recordiﬁg and of heat interference on
the recording medium is accordingly greater than before.

A consequent problem is that the jitter, which results from




enbodi ment of the present invention, is explained next. Injection nolding
was used to produce a polycarbonate substrate 2, with thickness 1.2 nm
outer diameter 120 mm and inner diameter 15 mm and whereon is forned a
spiral -shaped pre-groove 6 with width 0.55 [err]m depth 185 nm pitch 1.6
[err]m Next, the benzoindodi carbocyanine dye (No. NK-3386) with the
structure shown in Figure 6, used:as théﬁiécording dye, was dissolved in
di acet one al cohol at 30 grans/liter. This was applied on the

s rerents o SHRBLLF£.oong R N LT LALE a (it tpeartig | sver 9

absorbency £e05-804§, ThhD ¥88nOndde(G8RLAT @ wavelength of 780 nm
In other words, it becomes impossible Eo attain an adequate
reflectivity where k and dav are high at the wavelength at
which data are to be recorded, when k is the imaginary number
portion of the complex index of refraction of the film in the
aforéﬁentioned light absorbing layer, and dav is the mean film
thickness of the light absorbing layer. Oppositely,‘when k and
dav are small, adequate reflectivity can be attained, but the
recoxding senéitivity drops and sufficient recording becomes
impossible, even with the recording laser at maximum power.
When the aforementioned k and dav are high, a reflectivity
Rtop of 65% or greater cannot be achie&ed with a disk as the
recoraing medium.
Oppositely, when k and dav are low, the problems are that a
laser at sufficiently low power cannot effect recording and
the increased jitter makes it difficult fo adjust to high
speed recording as discussed above.

SUMMARY OF THE INVENTION

In view of the foregoing, it is an object of the éresent
invention to provide an optical information recording medium,
which is recordable at high speeds because of increased
sensitivity to the recording beam.
It is another object of the present invention to provide an

optical information recording medium with increased
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Al so, the optical constant of this film the inmagi nary nunber portion k
¢of the conplex index of refraction of the film, is k=0.1, consequently
k. dav=6. 9. -14 - A light reflecting
| ayer 4, with thickness 100 nmand conprising gold (Au), was formed by RF
sputtering on the substrate 2 having this dye filmapplied thereon. An
ultraviol et-curable resin (Dainippon Ink4nd Chenmcals, Inc.,

sensitivity to the recording beam, resultigg in good
sensitivity and no variations in the recording
characteristics, meaning little difference in sensitivity,
even when recording with a similar, but different type of
laser.

.It is another object of the present invention to provide an
optical information recording medium, which makes possible
sufficient reflectivity and stable recording and which can
reduce jitter.

It is another object of the present invention to provide an
optical information recording medium, with good recording
sensitivity and playback characteristics because of adjusting
the following to within an appropriate range: the imaginary
numbe: portion k of the complex index of refraction of the
£ilm in the light absorbing layer, tﬁe mean film thickness dav
of the light absorbing layer, and the absorbency A related
thereto.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a cross sectional view of the optical information
recording medium 1 relating to the present invention;
Figure 2 is a diagram showing the structural formula of thé
benzoindodicarbocyanine dye, which may be used as the
principal light absorbing material in the optical information
recording mediﬁm 1 relating to the present invention;

Figure 3 is a graph of the absorbency A of the light absorbing
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SD-211) was spin coated on this light reflecting |ayer 4 and exposed to
wWtraviolet light, formng a 10 [err]mthick protective layer 5. The
reflectivity at wavelength 780 nmof the optical information recording
medium 1l attained in this way was Rg=70.5%R After recording at a linear
velocity of 1.2 mls with a recording a&garatus (Pul se-tech, DDU 1000)
using the 780 nmwavelength, it was fowhd that the follow ng could be
attained through recording at the | ow power of 6 2 nvv nodul ati on

% 13/ 33. 2% tter .in the 3T -
igglié;?gni%%%%tgoYﬁ e ﬁﬁﬁnégpﬁﬂdwﬁ 1fEQE§d éngﬁ 8 8#5 géﬂlern si gnal

of 30 ns Oinkgéﬁatlon recordlng medium 1 relating to the present
invention; —
Figure 4 is a diagram showing the structural formula of the
methine C-7 indotricarbocyanine dye, in the optical
inforpation recording medium 1 relating to the present
inveﬂtion;
Figure 5 is a diagram showing the structural formula of the
methine C-5 polymethine dye, in the optical information
recording medium 1 relating to the present invention; and
Figure 6 is a diagram showing the structural formula of the
benzoindodicarbocyanine dye (Nihon Kankou Shikiso Kenkyusho
(Photosensitive Dye Research Institute of Japan unofficial
translation), No. NK-3386), used in Embodiments 1, 2, and 4,
in the optical information recording medium 1 relating to the
present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Specifically, the present invention gives attention to the
adjustment to an appropriate range of k, dav and absorbency A
attained therefrom and is an optical inférmation recording
medium for recording information by shining a :ecording beam
on a light absorbing layer, comprising a transparent
substrate; a light absorbing layer including a light absorbing
material, comprising a dye for absorbing the recording beam

from a laser, and which is established on this substrate; and
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"Itop" is the maxi num anount of reflected light in the CD playback signal.
41" is the optical nodul ati on conponent corresponding to the difference
bet ween the amount of reflected Iight diffracted by the |Iongest |ength pit
recorded and returned to the objective lens, and the anount of |ight

reflected by the non-pitted portions andﬁreturned to the objective |ens.
"13" is the optical nodul ati on conponent—"corresponding to the difference

bet ween the amount of reflected light diffracted by the shortest pit

recor ded agglight reflecting layer for reflecting the laser beam and

which is established on this light absorbing layer. In this
optical information recording medium, 0.13 € A £ 0.21 where A
(Abs) is the absorbency of the light absorbing layer; and 6.0
£ kdav £ 12.6 at the waveiength of t;he aforementioned
recording beam, where k is the imaginary number portion of the
complex index of refraction of the aforementioned light
absorbing iayer and dav (nm) is the mean f£ilm thickness of the
light absorbing layver.

A material, such that the imaginary number portion k of the
complex index of refraction of the £film of the aforementioned
light absorbing layef becomes 0.1 £ k § 2.0 at the wavelength
of the aforementioned recordiﬂg laser, can be added to the
aforementioned light absorbing layer.

The mean £ilm thickness dav of the aforementioned light
absorbing_layer can be 40 nm < dav < 85 nm.

The aforementioned light absorbing material can comprise 80

mol% or more of benzoic cyanine  dye having the structural

formula shown in Figure 2.
The optical information recording medium relating to the
present invention can have good recording sensitivity and

playback properties because of being constituted such that

0.13 £ A £ 0.21 where A (Abs) is the absorbency of the light

absorbing layer; and 6.0 < k-dav £ 12.0 at the wavelength of
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- 15- returned to the objective | ens, and the amount of light reflected
by the non-pitted portions and returned to the objective |lens. Second
enbodi nent Using the sanme type of substrate 2 as was used in the first
enbodi ment, 97 wt % of the benzoi ndodi carbocyani ne dye (No. NK- 3386,

Figure 6), having the same structure as ip the first enbodinment, and 3 Ww%
of the polynethine dye shown in Figure 5.ZWere dissolved in diacetone

al cohol at 30 grans/liter. This was applied on the aforenentioned
substrate 2 and a dye film layer (light absorbing layer 3) with a film

thickness Qﬁ% g%cording beam, where k is the imaginary number portion of
the complex index of refraction of the light absorbing layer
and dav is the mean film thickness of the light absorbing
layer.
‘The present invention is explained more specifically below.
Figure 1 is a cross séctional view of the optical information
recording medium 1 relating to the present invention. The
optical information recording medium 1 comprises a transparent
substrate 2, a light absorbing layer 3 formed on the substrate
2, a light reflecting layer 4 formed on the light absorbing
layer 3, and a protective layer 5 formed on the light
reflecting layver 4. .
A spiral-shaped pre-groove 6 is formed on the substrate 2. A
portion othef than the pre-groove 6, ;pecifically lahd 7., is
located on either side of the preégroove 6.
The light absorbing layer 3 comprises a principal light
absorbing material, comprising one or a plurality of dyes
which absorb the laser beam L1, and as'necesséry, stabilizers
for stabilizing this principal light abéorbing material or
other additives.
The stabilizer (light stabilizer) is a compound wherein the
absorption peak of the film is within the near infrared range
of wavelength 900 - 1100 nm, and which has weak absorption of
light in the range from short wavelengths, in the range

absdrbed by the principal light absorbing material, to long
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2 4 SEP W98




65 nmwas fornmed At this tinme, the absorbency A of this film at

wavel engths of 780 nmand 790 nmwas 0.20 (Abs) and 0.18 (Abs)
respectively. Also, the inmaginary nunber portion k of the conpl ex index of
refraction of the polynethine dye shown in Figure 5 at wavel engths of 780
nmand 790 nm was 0.90 and 0.93 respectigvely. The inmaginary nunber
portion of the conplex index of refractieon of the aforenentioned dye film
| ayer (light absorbing |ayer 3), at wavel engths of 780 nm and 790 nm was
k780=0.11 and k790=0.10; consequently, k.dav at wavel engths 780 nm and 790
nmwas 7. 1558l dndths,e IR i Mtatrio Yt iraride 4 rs30 @nimodoregteatetri ghtr

reflecting | ayer 4, .
this reason, the stabilizer is a compound which is very
effective in stabilizing the principal light absorbing
material, although it cannot be expected to greatly improve
recording sensitivity.
This stabilizer may be aminium salt, imonium salt, or a
dithiol conjugate such as dithiobenzyl.
This stabilizer must be included in the light absorbing layer
3 so as to make up 0.1 - 30 wt%, and preferably 1 - 25 wt%,
and more preferably 5 - 20 wt%. '
Moreover, the solvent used when applying the mixture of the
principal light absbrbing material, long wavelength absorbing
agent, and stabilizer may comprise 0.0£ - 1.0 wt% of the light
absorbing layer 3.
The solvent for application used here'can be an alcohol such
as isopropyl aicohol or butanol; an alkoxy alcohol such as
methylcellosolve or ethylcellosolve; a ketoalcohol such as-
diacetone alcohol or acetyl acetone; lactic acid ester such as
ethyl lactate or methyl lactate; or alcohol fluoride such as
2,2,3,3 tetrafluoropropanol. The solvent for application is
not, however, limited to these.
Moreover, spin coating is generally used in forming the light
absorbing layer 3 because of fiexibility, but dip coating or
vapor deposition methods may be used as necessary.

In view of application properties during coating, resin
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conprising gold (Au), by RF sputtering, and a protective |ayer

-16 - 5 of ultraviolet-curable resin were fornmed on the substrate 2
having this dye filmapplied thereon. The reflectivity at wavel engths 780
nm and 790 nm of the optical information recording nmediumattained in this
manner are respectively Rg 780=71. 0% ang _Rg 790=70.2% Wien 4X recording
at linear velocity 4.8 nis was perfornmed-sing a

binders may also be added to the light absorbing layer 3.

The additive resin may be a thermoplastic resin such as
nitrocellulose, a resin such as thermoplastic elastomer,
liquid rubber, or the like.

Specifically, the resin may be isobutylene, maleic anhydride
copolymer, ethylene oxide copolymer, polypropyvlene chloride,
polyethylene oxide, polyamide, nylon, cumarone resin, ketone
resin, vinyl acetate, polystyrene, PVA (polyvinyl alcohol),
PVE (polyvinylester), or the like.

The cellulose derivative may be carboxymethyl cellulose,
nitrocellulose, HPC (hydroxypropyl cellulose), HEC
(hydroxyethyl cellulose), MC (methyl cellulose), EC (ethyl
cellulose), EHEC (ethylhydroxyethyl cellulose), CMEC
(carboxymethylethyl cellulose), or thg like.

The oligomer may be oligostyrene, methylstyrene oligomer, or
the like. |

The elastomer rubber may be styrene block copolymer, urethane-
type thermoplastic elastomer, or the like.

Moreover, the substrate 2 and light absorbing layer 3 are in
contact via the first interlayer 8. The light absorbing layer
3 and light reflecting layer 4 are in contact via the second
interlayer 9. the light reflecting layer 4 and the protective
layer 5 are in contact via the third interlayer 10.

As shown in the figures, when the recording beam (recording

laser beam) L1l strikes the optical information recording
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recordi ng apparatus (Yanmaha, CD-R100) using |lasers with wavel engths 780 nm
and 790 nm the nodul ation anplitude and reflectivity Riop were

| 11/ 1top=77.2% 13/1top=39.0% R op=67.3%R in the case of recording with
the 780 nm wavel ength |laser, and 1'11/1top=78.4% 13/1top=34.1%

Rt op=68. 2% in the case of recording with the 790 nm wavel ength |aser. The
jitter in each case was in the 3T - 11T=%egion and both the land 7 and pit
11 could attain a good eye pattern signal of 33 ns or |ess. The recording
power at this tine was 12. 0 miWwhen using wavel ength 780 nm and 12.5 nW
when usi ngmadieengt théddQight alsorbdngg lawdrd akefdrind eathatersefdy cofnt | y

| ow recording
this laser beam Ll and is heated thereby. Thermal deformation
occurs on the side toward the substrate 2 and forms a pit 11.
The index of refraction of the pit 11 portion is changed by
the thermal decomposition of the dye in the light absorbing
layer .3 at the recorded portion.
Information is read by shining the playback beam (playback
laser beam) L2 on this pit 11 portion and finding the pit
contrast from the thermal deformation of the substrate 2 at
the pit 11 portion, and from the diffraction of light caused
by the optical phase difference, due to the difference in the
indexes of refraction of the pit 11 portion and the non-pitted
poftion (land 7). |
Mbreover; the principal light absorbing material (principle
light absorbing agent) is a material which absorbs the laser
beam L1 and breaks down during recording, creates variations
in the index of refraction within the light absorbing layer 3,
and causes the formation of the pit 11.
The aforementioned light absorbing material can include the
benzoic cyanine dye having the structural formula shown in
Figure 2.
The aforementioned benzoic cyanine dye is
benzoindodicarbocyanine, for example; the light absorbing
layer can include 80 mol% or more of the

benzoindodicarbocyanine so that the peak wavelength of
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power for a maxi mum | aser output of 16.0 mMW Third enbodi nent A dye (No.
N\K- 3251) wherein Rl= -(CH2)3-, R2=CH3, Y=H, and X =l in the benzoic
cyanine dye with the structure shown in Figure 2, as the recording dye,
was dissolved in diacetone alcohol at 23 grans/liter. Thi.s was applied on
the substrate 2 attalned wth the sane quhod as in the first enbodi nent
and a dye film 17- | ayer (1ight
absorbing layer 3) with a filmthickness day of

absorbency for the £film is 710 nm or greater.

0.13 £ A £ 0.21, where A (Abs) is the absorbency of the light
absorbing layer 3.

6.0 £ kdav £ 12.0 at .the wavelength of the recording beam L1,

where k is the imaginary number portion of the complex index
of refraction of the film of the light absorbing layer 3 and

dav is the mean film thickness of the light absorbing layer 3.
k-dav is the barometer showing the degree of light absorption

in the light absorbing layer 3. Up to now, k¥0.05 and dav=100
nm, for example, so kdav=5.0. With the present invention,

hpwever, the mean film thickness dav is smaller and the

imaginary number portion k of the complex index of refraction

of the film in the light absorbing layer 3 is greater.

In other words, it is possible that 40 £ dav (nm) £ 85 and 6.0

<€ kdav < 12.0.

When the mean film thickness dav is 40 nm or less, it is
difficult to attain the percentage modulation of 60% which-
conforms to CD standards. When dav is 85 nm or greater, the
jitter during playback becomes bad because of the accumulation
of heat in the dye film, and as a result, it becomes difficult
to achieve sufficient stability for playback;

In other words, if the imaginary number portion k of the
complex.index of refraction of the.filﬁ is small but the film

thickness dav of the light absorbing layer 3 is large, the pit
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46 nm was

(sAbs) at

| magi nary

film, is

alight re
protective
substrate

wavel engt h
this manne

formed. At this tinme, the absorbency A of this filmwas 0.14

a wavel ength of 780 nm The optical constant of this film the
nunber portion k (of the conplex index of refraction of the
k=0.13 and consequently k.dav=6.0. As in-the first enbodi ment,

flecting layer 4, conprising gg[d (Au), by RF sputtering, and a
| ayer 5 of uItraV|oIet cur ab resin were formed on the

2 having this dye filmapplied thereon. The reflectivity at

Y% B S10 AP1F Meat 8 GIPIAQ £ ESLE A% AT UL VI 2bERLECY; £

11, which was recorded with stability, can be attained.

r

Oppositely, if the imaginary number portion k of the complex
index of refraction of the film is great but the £ilm
thickness dav is small, a recorded pit 11, recorded with
stability, can be attained because the dye in the pit is

suffiéiently broken down.

When A is less than 0.13 or k-dav is less than 6.0, the
recording sensitivity becomes bad.

When A is gfeater than 0.21 and k-dav is greater than 12.0, the

degree of absorption of the laser beam becomes too high,
jitter becomes bad, and it becomes dif{icult to achieve the
reflectivity.

Making reflectivity easy to achieve makes it possible to use
relatively inexpensive aluminum (Al) §r silver (Ag) as the
material for the light reflecting layer 4, instead of gold
(Au) which is expensive and has been used up to now.
Furthermore, Figure 3 is a graph of the absorbency A of the
light absorbing layer 3 in relation to wavelength. As shown ‘in
the figure, absorbency generally decreases as wavelength
increases, but it is possible to increase absorbency by adding

a long-wavelength absorption material, so that k at the
wavelength of the recording beam L1 becomes 0.1 £ k £ 2.0

(dotted line in figure). Absorbency is adjusted by
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Rg=73. 5% \When recorded at linear velocity 1.2 nils with a recording

appar atus (Pul se-tech, DDU 1000) using 780 nm wavel ength, the nodul ation
anplitude was 111/1top=60.8% 13/1top=30.1% Rtop=71.3%R The jitter was
in the 3T - 11T region and both the land 7 and pit 11 could attain a good
eye pattern signal of 30 ns or |ess mﬁ;iblom1pomer recording at 7.4 m\
Fourth enbodi ment The sane type of dye-as in the first enbodi nent was used
as the recording dye and dissolved in diacetone al cohol at 35

grams/|iter, T{ye% 1R YN K NRRNDSRE i) addte o fdpt LAELEae
met hod as in e first enbodiment and a dye fil
the range discussed above across all wavelengths of the
recording beam Ll.
The following can be used as this additive material: methine
Cc-7 indotricarbocyanine dye as shown in Figure 4, methine C-5
polymethine dye as shown in Figure 5, or porphyrin dye such as
naphtﬂalocyanine.
First embodiment
An optical information recording medium, which is an
embodiment of the present invention, is explained next.
Injection molding was used to produce a polycarbonate

substrate 2, with thickness 1.2 mm, outer diameter 120 mm, and

inner diameter 15 mm, and whereon is formed a spiral-shaped
pre-groove 6 with width 0.55 pm, depth 185 nm, pitch 1.6 pm.

Next, the benzoindodicarbocyanine dye (No. NK-3386) with the
structure shown in Figure 6, used as the recérding dye, was
dissolved in diacetone alcohol at 30 grams/liter. This was
applied on the aforementioned substrate 2 and a dye £film layer
(light absorbing layer 3) with a f£ilm thickness dav of 69 nm
was formed.

At this time, the absorbency A of this film was 0.20 (Abs) at
a wavelength of 780 nm.

Also, the optical constant of this fiim, the imaginary number

portion k (of the complex index of refraction of the £ilm), is

k=0.1, consequently k-dav=6.9.

515ﬁgﬁi§w?$ﬁ E¥E
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- 18 - | ayer (light absorbing layer 3) with filmthickness day 82 nm
was fornmed. At this tinme, the absorbency A of this filmwas 0.21 (Abs) at
a wavel ength of 780 nm The optical constant of this film the inmaginary
nunber portion k (of the conplex index of refraction of the filn), is
k=0.1 and consequently k.dav=8.2. As inhe first enbodinment, a light
reflecting | ayer 4, — -

A light reflecting layer 4, with thickness 100 nm and
comprising gold (Au), was formed by RF sputtering on the
substrate 2 having this dye film applied thereon. An
ultraviolet-curable resin (Dainippon Ink and Chemicals, Inc.,
SD-211) was spin coated on this light reflecting layer 4 and
exposed to ultraviolet light, forming a 10 um thick protective
layer 5.

The reflectivity at wavelength 780 nm of the optical
information recording medium 1 attained in ﬁhis way was
Rg=70.5%R. After recording at a linear wvelocity of 1.2 m/s
with a recording apparatus (Pulse-tech, DDU-1000) using the
780 nm wavelength, it was found that the following could be
attained through recording at the low éower of 6.2 mW:
modulation amplitude I1l/Itop=75.4%, I3/Itop=33.2%,
Rtop=68.2%R; jitter in the 3T - 11T region; and both the land
7 and pit 11 had a good eje pattern signal of 30 ns or less.
“"Itop” is the maximum amount of reflected light in the CD
playback signal. *Ill" is the optical modulation component
corresponding to the difference between the amount of
reflected light diffracted by the longest length pit recorded
and.returned to the objective lens, and the amount of light
reflected by the non-pitted portions and returned to the
objective lens. *I3" is the optical modulation component
corresponding to the difference between the amount of

reflected light diffracted by the shortest pit recorded and
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conprising gold (Au), by RF sputtering, and a protective |layer 5 of
-ultraviolet-curable resin were forned on the substrate 2 having this dye
filmapplied thereon. The reflectivity at wavel ength 780 nm of the opti cal
i nformati on recording mediumattained in this manner was Rg=68.2%R \Wen
recorded at linear velocity 1.2 m's mﬁthéf recordi ng apparat us

(Pul se-tech, DDU-1000) using 780 nm waveleéngth, the nodul ati on anplitude
was |11/1top=83.5% 13/1top=36.8% R op=65.2% The jitter was in the 3T -

11T region and bath the land 7 gnd pit 11 could attain a d e pattern
signal of 3GtNENEA (tes&hf PRIEGHLY NSac &G Agea Mot rﬂ%?%'lgq'}/t

reflected by the non-pitted portions and returned to the
objective lens.

Second embodiment

Using the same type of substrate 2 as was used in the first
-embod%ment, 97 wt% of the benzoindodicarbocyanine dye (No. NK-
3386,-Figure 6), having the same structure as in the first
embodiment, and 3 wt% of the polymethine dye shown in Figure 5
were dissolved in diacetone alcohol at 30 grams/liter. This
was applied on the aforementioned substrate 2 and a dye £ilm
layer (iight absorbing layer 3) with a f£ilm thickness dav of
65 nm was formed

At this time, the absorbency A of this £ilm at wavelengthslof
780 nm and 790lnm was 0.20 (Abs) and 0.18 (Abs) respectively.
Also, the imaginary npmber portion k of the complex index of
refraction of the polymethine dye shown in Figure 5, at
wavelengths of 780 nm and 790 nm, was 0.90 and 0.93
respectively.

The imaginary number portion of the complex index of
refraction of the aforementioned dye film.layer (Light

absorbing layer 3), at wavelengths of 780 nm and 790 nm, was
k780=0.11 and k790=0.10; consequéntly,]edav at wavelengths 780

nm and 790 nm was 7.15 and 6.50 respectively.
As in the first embodiment, a light reflecting layer 4,

comprising gold (Au), by RF sputtering, and a protective layer

e s
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Fifth enbodi ment Injection'nDIding was used to produce a pol ycarbonate

substrate 2, with thickness 0.6 nm outer dianeter 120 nm and i nner

di aneter 15 nm and whereon is forned a spiral -shaped pre-groove 6 with

width 0.4 [err]m depth 100 nm pitch 0.8 [err]m '

- 19 - Next, 1-n-pentyl -3, 3-dinethyl-2-3-(1-n-pentyl -3, 3-di net hyl - 2-

indoIinyIidene)-l-propenyl-3kkindoliniuﬁﬁbErchlorate (No. NK-
5 of ultraviolet-curable resin were formed on the substrate 2
having this dye film applied thereon.
The reflectivity at wavelengths 780 hm and 790 nm of the
optical information recording medium attained in this manner
are respectively Rg 780=71.0%R and Rg 790=70.2%. When 4X
recor@ing at linear velocity 4.8 m/s was performed using a
recording apparatus (Yamaha, CD-R100) using lasers with
wavelengths 780 nm and 790 nm, the modulation amplitude and
reflectivity Rtop were Ill/Itop=77.2%, I3/Itop=39.0%,
Rtop=67.3%R in the case of recording with the 780 nm
wavelength laser, and I11l/Itop=78.4%, I3/Itop=34.1%,
Rtop=68.2%R in the case of recording with the 790 nm
wavelength laser. The jitter in each c;se was in the 3T - 11T
region and both the land 7 and pit 11 could attain a good eye
pattern signal of 33 ns orlless. |
The recording power at this time was 12.0 mW when using
wavelength 780 nm and 12.5 mW when using wavelength 790 nm.
Recording could be effected at sufficiently low recording
power for a maximum laser output of 16.0 mW.

Third embodiment

A dye (No. NK-3251) wherein Rl= -(CH;)3-, R2=CH;, Y=H, and X =I
in the benzoic cyanine d&e with the structure shown in Figure
2, as the recording dye, was dissolved in diacetone alcohol at
23 grams/liter. This was applied on the substrate 2 attained

with the same method as in the first embodiment and a dye film




4320), used as the recording dye, was dissolved in diacetone alcohol at 30
grans/liter. This was applied on the aforenentioned substrate 2 and a dye
filmlayer (light absorbing layer 3) with a filmthickness day of 71 nm
was formed. At this tine, the absorbency A of this filmwas 0.18 (Abs) at
a wavel ength of 635 nm Also, the opti.ggl. constant of this film the

i magi nary nunmber portion k (of the conptex index of refraction of the
film, is k=0.10, consequently k.dav=7.1. A light reflecting |ayer 4,

W th thicknggerlQ2ighitagssoe®iby 1aderaBynvith GAIRL1mash ifxread Raor
sputtering on the substrate 2 having this dye filmapplied thereon. An
46 nm was formed.
At this time, the absorbency A of this film was 0.14 (Abs) at
a wavelength of 780 nm.,

The optical constant of this film, the imaginary number

portion k (of the complex index of refraction of the film), is
k=0.13 and consequently k-dav=6.0.

As in the first embodiment, a light reflecting layer 4,
comprising gold (Au), by RF sputtering, and a protective layer
5 of ultraviolet-curable resin were formed on the substrate 2
having this dye film applied thereon.

The reflectivity at wavelength 780 nm of the optical
information recording medium attained in this manner was
Rg=73.5%R. When recorded at linear velocity 1.2 m/s with a
recordipg apparatus (Pulse-tech, DDU-1000) using 780 nm
wavelength, the modulation amplitude was Ill/Itop=60.8%,
I3/Itop=30.1%, Rtop=71.3%R. The jitter was in the 3T - 11T
region and both the land 7 and pit 11 could attain a good eye
pattern signal of 30 ns or less with low power recording at

7.4 mW.

Fourth embodiment

The same type of dye as in the first embodiment was used as
the recording dye and dissolved in diacetone alcohol at 35
grams/liter. This was applied on the substrate 2 attained with

the same method as in the first embodiment and a dye film
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ultraviol et-curable resin (Dainippon Ik and Chem cals, Inc., SD 211) was
spin coated on this light reflecting layer 4. A polycarbonate supporting
substrate, with thickness 0.6 mm outer dianmeter 120 nmm and inner
dianeter 15 nm was applied thereon. This was exposed to ultraviolet |ight
fromthe side of the supporting substrajggand the two substrates were
adhered. Wen the optical information reeerding nediuml1 attained in this
manner was recorded upon at a linear velocity of 3.5 nis wusing a recording
apparatus with a 635 nm wavel ength

layer (light absorbing layer 3) with film thickness dav 82 nm
was formed.

At this time, the absorbency A of this film was 0.21 (Abs) at
a wavelength of 780 nm.

The optical constant of this £ilm, the imaginary number
portion k (of the complex index of refraction of the film), is

k=0.1 and consequently k-dav=8.2.

As in the first embodiment, a light reflecting layer 4,
comprising gold (Au), by RF sputtering, and a protective.layer
5 of ultraviolet-curable resin were formed on the substrate 2
having this dye film applied thereon.

The reflectivity at wavelength 780 nm of the optical
information recording medium attained in this manner was
Rg=68.2%R. When recorded at linear velocity 1.2 m/s with a
recording apparatus (Pplse—tech, DDU~-1000) using 780 nm
wavelength, the modulation amplitude was Ill/Itop=83.5%,
I3/Itop=36.8%, Rtop=65.2%R. The jitter:was in the 3T - 11T
region and both the land 7 and pit 11 codld attain a good eye
pattern signal of 30 ns or less with low power recording at

6.0 mW.
Fifth embodiment
Injection molding was used to prodﬁce a polycarbonate
substrate 2, with thickness 6.6 mm, outer diameter 120 mm, and

inner diameter 15 mm, and whereon is formed a spiral-shaped

pre-groove 6 with width 0.4 um, depth 100 nm, pitch 0.8 um.
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-20 - sem conductor |aser, the nodul ation anplitude was 114/1top=62.4%
Rt op=60.3%R A recording with good jitter properties could be attained at
a recording power of 11.0 nW Conparison exanple The dye (No. NK-3251)
used in the third enbodi rent was dissolved in diacetone al cohol at 20
grams/liter. This was applied on the suhgprate attained with the sane
method as in the first enbodi ment and a dye filmlayer (light absorbing

|l ayer 3) with filmthickness day of 45 nmwas forned.

Next, l-n-pentyl-3,3-dimethyl-2-3-(l-n-pentyl-3,3-dimethyl-2-
indolinylidene)-l-propenyl-3H-indolinium perchlorate (No. NK-
4320), used as the recording dye, was dissolved in diacetone
alcohol at 30 grams/liter..This was applied on the
aforementioned substrate 2 and a dye film layer (light
absorbing layer 3) with a f£ilm thickness dav of 71 nm was
formed. |

At this time, the absorbency A of this film was 0.18 (Abs) at
a wavelength of 635lnm.

Also, the optical constant of this film, the imaginary number

portion k (of the complex index of refraction of the film), is

k=0.10, consequently k-dav=7.1l.

[

A light reflecting layer 4, with thickness 100 nm and
comprising aluminum (Al), was formed'by RF sputtering on the
substrate 2 having this_dye film applied thereon. An
ultraviolet-curable resin (Dainippon Ink and Chemicals, Inc.,
SD-211l) was spin coated on this }ight reflecting layer 4. A
polycarbonate supporting substrate, with thickness 0.6 mm,
outer diameter 120 mm, and inner diameter 15 mm, was applied
thereon. This was exposed to ultraviolet light from the side
of the supporting substrate and the two substrates were
adhered. |

When the optical information recording medium 1 attained in
this manner was recorded upon at a linear velocity of 3.5 m/s

using a recording apparatus with a 635 nm wavelength
2 4 SEP 1998
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At this time, the absorbency A of this filmwas 0.13 (Abs) at a wavel ength
of 780 nm Also, the optical constant of this film the imagi nary nunber
portion k (of the conplex index of refraction of the film, is k=0.13,
consequently k.dav=5.9. As in the first enbodinent, a light reflecting

| ayer 4, conprising gold (Au), by RF sputtering, and a protective layer 5
of ultraviolet-curable resin were fornmed 8 the substrate 2 having this
dye filmapplied thereon. The reflectivity at wavel ength 780 nm of the
optical information recording medium 1l attained in this manner was

RO=74. 3% LA cbRaAEEs? 3hskk)CRhe! foBa1REibn’ a1 Uit Fras
I14/Itop=62.4%, Rtop=60.3%R. A recording with good jitter
properties could be attained at a recording power of 11.0 mW.
Comparison example
The dye (No. NK-3251) used in the third embodiment was
dissalved in diacetone alcohol at 20 grams/liter. This was
applied on the substrate attained with the same method as in
the first embodiment and a dye film layer (light absorbing
layer 3) with film thickness dav of 45 nm was formed.

At this time, the absorbency A of this film was 0.13 (Abs) at
a wavelength of 780 nm.

Also, the optical constant of this fil@, the imaginary number
portion k (of the complex index of refrac;ion of the film), is

k=0.13, consequently k-dav=5.9.

As in the first embodiment, a light reflecting layer 4,
comprising gold (Au), by RF sputtering, and a protective layer
'5 of ultraviolet-curable resin were formed on the substrate 2
having this dye film applied thereon. |

The reflectivity at wavelength 780 nm of the optical
information recording medium 1 attained in this. manner was
Rg=74.3%R. When recorded at linear velocity 1.2 m/s with a
recording apparatus (Pulse-tech, DDU-1000) using 580 nm
wavelength, the modulation amplitude was Ill/Itop=58.2%,
I3/Itop=29.2%; neither satisfies CD standards.

A high recording power of 8 mW or more was required in this
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recordi ng apparatus (Pul se-tech, DDU- 1000) using 780 nm wavel ength, the
nmodul ation anplitude was |11/1top=58.2% [13/1top=29.2% neither satisfies
CD standards. A high recording power of 8 mMNor nore was required in this
-21 - i nstance. As discussed above, the present invention limts the
mean film thickness day, absorbency A, gag_inaginary nunber portion k of

instance.

Aé discussed above, the present invention limits the mean film
thickness dav, absorbency A, and imaginary number porEion k of
the complex index of refraction of the £ilm to a prescribgd
range; the present invention can thereby provide an optical
information recording medium with supefiof properties and

which offers stable recording and sufficient reflectivity.

REPLACEMENT SHEET
24 SEP w98




t he Eonplex I ndex of refraction of the filmto a prescribed range; the

present invention can thereby provide an optical information recording

medi um wi th superior properties and which offers stable recording and

sufficient reflectivity. - - 22-

Expl anati on of the codes 1 Cptlcal |nfgggat|on recordi ng medi um (Fi gure

1) 2 Transparent substrate Li ght orbing | ayer
Explanation of the codes

Optical information recording medium (Figure 1)

Transparent substrate

Light absorbing laver

Light reflecting layer

Protective layer

Spiral-shaped pre-groove

Land

First interlayer

W 0 4 ok W N R

Second interlayer

10 Third interlayer

11 PpPit

Ll Recording beam (laser beam for reéording)

L2 Playback beam (laser beaﬁ for playback)

k Imaginary number portion of complex index of refraction

of £ilm in light absorbing layer 3 at wavelength of the
recording beam L1
dav Mean film thickness (nm) of light absorbing layer 3

A Absorbency (Abs) of light absorbing layer 3




4 ‘Light reflecting |layer 5 Protective |layer 6 Spiral - shaped
pre-groove 7 Land 8 First interlayer 9 Second interlayer

Third interlayer 11 Pit L1 Recording beam (I aser I ﬂ nNng) ,
L2 Pl ayback beam (| aser beam for pl ayback) k mli nmn ")Illmr rtion

of conpl ex index of refraction of fagmin Iight dbsb6r bt ng" | d&yerr 3 at
wavel ength of the -

What Is Claimed Is: ' 3
1. An optical information recording medium comprising:

a transparent substrate;

a light absorbing layer established on the substrate
and comprising a light absorbing material, constituted from a
dye which absorbs the recording laser beam; and

a light reflecting layer established on the light
absorbing layer and which reflects the laser beam;

' wherein information is recorded through the shining

of said recording beam on said light absorbing layer;
0.13 € A £ 0.21 where A (Abs) is the absorbency of

said light absorbing layer at the wavelength of said recording

“beam; and
6.0 < kdav < 12.0 where k is the imaginary number

portion of the complex index of refraction of the film in said
light absorbing layer and dav (nm) is the mean film thickness
of the light absorbing layer, at the wavelength of said
recording beam.

2. The optical information recording medium, according
to claim 1, wherein a material, where the imaginary number
portion k of the complex index of refraction of the £film of

said light absorbing layer becomes 0.1 £ k £ 2.0 at the

wavelength of said recording beam, is added'to said light

absorbing layer.
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recordi ng beam L1 ~day nean filmthickness (nm of-light absorbing |ayer 3
A Absor bency (Abs) of |ight absorbing |ayer 3

23 What |s Cained Is: 1. An optical inf (11"}"”””, i medi um
conpri si ng: a transparent substrate; ra L "ﬂm m or bi ng
' M s *

| ayer established on the substrate -24-
3. The optical information recérding medium, according

to claim 1, wherein the mean film thickness dav of said
light absorbing layer is 40 nm £ dav £ 85 nm.

4. The optical information recording medium, according
to claim 1, wherein 80 mol% or more of said light absorbing

material comprises the benzoic cyanine dye having the

structural formula shown in Figure 2.
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and conprising a light absorbing material, constituted froma dye which
absorbs the recording | aser beam and a light reflecting | ayer
established on the light absorbing |ayer and which reflects the | aser

beam wherein information is recorded through t he shining of
said recording beamon said |ight absori@rg |ayer; 0.13 < A<
0.21 where A (Abs) is the absorbency of ~ said |ight absorbing |ayer at the
wavel ength of said recording beam and 6.0 < k.day < 12.0 where
k is the imaginary numig, RO ah refraction of
the filmin said Iligh ; un e nmean film

t hi ckness of the |ight absorblng | ayer, at the wavel ength of said

ABSTRACT OF THE DISCLOSURE

By keeping the imaginary number portion k of the complex index
of refraction of ﬁhe £ilm of the light  absorbing layer 3, the
‘mean film thickness dav of the light absorbing layer 3, and
the absorbency A related thereto within an appropriate range,
the present.invention provides an optical information
recording medium with good recording sensitivity and playback
properties, which makes possible high speed recording by
increasing the sensitivity to the recording beam and stable
recording with sufficient reflectivity, and which can reduce
- Jitter.
In the present invention, 0.13 S A £ 0.21 where A (Abs) is the
absorbency of the light absorbing layer at the wavelength of

the recording beam;  and 6.0 S k-dav £°12.0 where k is the

imaginary number portion of the complex index of refraction of
the film in the light absorbing layer and dav (nm) is the mean
film thickness of the light absorbing layer, at the wavelength

of the recording beam.

JFgure 1
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recordi ng beam 2. The optical infornmation recording nedi um
according to claim1, wherein a material, where the imagi nary nunber S
portion k of the conplex index of refraction of the filmof said Iight
absorbing | ayer becones 0.1 < k < 2.0 at the wavelength of said recording

beam is added to said |ight absorbingdlbyer.
-24 -
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3. The optical information recording nmedi um according to claim1l,
.wherein the nean filmthickness day of said |ight absorbing |layer is 40 nm
<*day < 85 nm 4. The optical information recording medi um
according to claim1l, wherein 80 nol % or nore of said |ight absorbing
materi al conprises the benzoic cyanine d'fg'havi ng the structural formula
shown in Figure 2.

Fi1g.2
() Rszl Y‘ RRZ 0

o \¢—CH=CH-C=CH-CH = N 0

| - \
R1 X R1

Ri= (—CHZ)n'_'CH3 =0~4
‘Ra= —CHs
Y = -CHs. -ClI, -Br, "O , —H etc.

X" = Cl03., BF:, PF&. SbFs.,CFsCOO0™,
C|- ’ BF, I-s F-,th.

Fig.3

INCREASING CURVE IN
ACCORD WITH ADDITION
\

7
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Fig.5

=

C=CH-CH=CH-C

EtzN Cloz




