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(57) Abrége/Abstract:

A phase-modulation type optical recording medium comprising at least one layer of recording film (4) and at least one layer of
metal film (3) on a recesses-formed substrate (1), wherein at least one layer of constituent film constituting the recording film
consists of an organic matter that absorbs and breaks down a laser beam to have Its refractive index changed, and the width of
a recess (2)1s 0.10 um-0.21 um, whereby providing a WORM type, high-density-recording optical recording medium capable of
producing a high reproducing output.
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ABSTRACT

A phase modulation type optical recording medium has
at least one layer of recording film 4 and at least one
layer of metal film 3 on a substrate 1 having recessed
portions formed therein, wherein one or more layers
constituting the recording film include organic material
that decomposes upon absorption of laser light to change
its refractive 1ndex, and width of the recessed portions 2
is set to 0.10um ~ 0.21u4m, thereby providing an optical
recording medium of wrilte once type with high recording

density capable of high reproduction output.
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DESCRIPTION
OPTICAL RECORDING MEDIUM

TECHNICAL FIELD

The present invention relates to an optical recording
medium, specifically to a phase modulation type optical
recording medium having excellent reproduction output
characteristics, in which reproduction of recorded portions
is performed by irradiating light in the range of 380nm ~
450nm in wavelength A and organic pigment material is used
as a recording film.
BACKGROUND ART

Functional organic pigment material is heretofore
widely used as recording material for write once type
optical discs and are manufactured 1in large quantity at a
low cost, particularly as write once type compact discs
(CD-R) .

Also, in optical systems in DVD (Digital Versatile
Disc), a write once type has been standardized as a write
once type DVD-R and has been on sale.

Moreover, as an optical disc of currently so-called
a next-generation optical recording medium in which higher
recording capacity, 1.e., higher recording density is
intended, there has been considered standardization of
irradiating blue-violet light of shorter wavelength onto a
recording surface through an object lens of 0.85 in
numerical aperture N.A. from the side of a light

transmission protective film formed on the recording
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surface.

In an optical recording medium in which the above-
mentioned higher N.A. and shorter wavelength of
reproduction light are obtained and a reproduction light is
irradiated onto the recording surface from the side of a
light transmissive protection film (hereinafter this
optical recording medium is referred to as DVR for
convenlience), there are also 1ncreasing needs for a write
once type optical recording medium (DVR) in which so-called
archive recording 1s performed, 1.e., recording 1is
performed only once and the record is stably held over many
vears without being erased.

Although 1n the above-described optical recording
medium (DVR) under consideration of such standardization
the recording film based on phase change material is used,
as the recording film it is preferable to use organic
pigment material as in CD-R considering a simple method of
manufacturing and cost reduction when the optical recording
medium has a write once type construction.

However, there is a problem when knowledge of the
conventional write once type CD-R and DVD-R is applied to
the write once type optical recording medium (DVR)
employing the above-mentioned short wavelength'and high_N.A;

Specificaily, in an optical recording medium using a
short-wavelength of 380nm ~ 450nm, e.g., blue-violet light

source of 405nm *T5nm for high recording density, i.e.,

high resolution, if the recording film is comprised of
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organic pigment material, the characteristics of such
organic pigment material constituting the recording film
differ from those in CD-R and DVD-R and optical
characteristics and optical conditions may be different, so
that there may be problems in applying knowledge used in
general CD-R and DVD-R.

For example, it 1s impossible to obtain excellent
reproduction characteristics by such measures as modiinng
depth of recessed portions, for example, tracking grooves
formed i1n the substrate of an optical recording medium in
response to differences in wavelengths of irradiated lights.

Further, the track pitch in the above mentioned
optical recording medium (DVR) is significantly smaller as

compared to that in conventional optical recording media.

The track pitch 1s, for example, 0.34m as compared to 1.6

gm 1n CD, for example. In this case, the slope of side

walls 1in tracking groves formed in the disc substrate will
be the matter.

In general, fine concavity and convexity such as
grooves or pits in CDs and the like are formed while
manufacturing the disc substrate by injection molding in
which a stamper having a fine pattern of concavity and
convexity corresponding to the grooves 1is uSed,-by a 2P
method (photonlymerization method) or by other methods.

The stamper is manufactured by forming themaSter,
that is, mastering using photoresist, and blue light or

ultra-violet light is generally used for pattern exposure
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onto such photoresist 1n the mastering. However, when such
fine track pitches as those provided in the above mentioned
DVR are narrow and small, the pattern exposure by the above
mentioned light results in gentle slope of side walls of
the grooves. L

Accordingly, although there have been attempted such
methods as performing pattern exposure onto the photoresist
by electron beam 1ithography, by réducing a spot size with
disposing a focusing lens adjacent to the'exposure surface
in an optical system, i.e., taking so-called near field
construction or the like in order to sharpen the side walls
of the grooves or to improve those conditions, studies on
optimization of the side walls of the grooves are
insufficient, and sufficient reproduced output has not yet

been achieved.

DISCLOSURE OF INVENTION

According to the present invention, in an optical
recording medium of the ébove mentioned write ohde type
optical recording medium currently so-called next
generation optical recording medium in which wavelength of
the 1lrradiated reproduction light is made shorter and the
reproduction light 1is irradiated onto a recording surface
from the side of a light transmissive protection film,
there is provided such optical recording medium as capable

of obtaining high reproduction output and having excellent

reproduction characteristics.
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Specifically, the optical recording medium according
to the present inventlon 1is a phase modulation type optical
recording medium in which reproduction of recorded portions

is performed by irradiating light in the range of 380nm ~

450nm in wavelength A through an optical system having

numerical aperture N.A. of 0.85 * 0.05, comprising at

least one layer of recording film and at least one layer of
metal filmon a substrate having recessed portions‘formed
therein. At least one layer of the recording film includes
organic material that decomposes upon absorption of laser
light to change i1ts refractive index.

Moreover, particularly in the above described

construction, width of the recessed portions on the

substrate is set to not less than 0.10u4m nor more than

0.21um.

Aléo, in this construction having metal film formed
on the recessed portions of the substrate, width of the
recessed portions on the surface of the metal film is set
to not less than 0.104m nor more than 0.15umn;

Further, the optical recording medium according to
the present invention is a phase modulation type optical
recording medium in which reproduction of recorded portions
is performed by 1irradiating light in the range of 380nm ~
450nm in wavelength A, comprising at least one layer of
recording film and at least one layer of metal film formed
Oon a substrate having recessed portions therein, in which

at least one layer of the metal film includes organic
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material that decomposes upon absorption of laser light to
change 1its refractive index. Further, depth of the
recessed portions in the substrate is set to not less than
40nm nor more than 65nm and the organic material in the
recording film is the material having refractive index set
to 1.4 or lower before recording.

Further, the optical recording medium according to
the present invention is a phase modulation type”Optical
recording medium in which reproduction of recorded portions
is performed by irradiating light in the range of 380nm ~
450nm in wavelength A, comprising at least one layer of
recording film and at least one layer of metal film formed
on a substrate having recessed portions therein, in which
at least one layer of the metal film includes organic
material that decomposes upon absorption of laser light to
‘change its refractive.index. Further, depth of the
recessed portions on the substrate is set to not less than
75onm nor more than 115nm and the organic material used as
the recording film is the material having refractive.index
set to 1.6 or higher before recording.

Further, 1n each of the above mentioned optical

recording mediums according to present invention, slope tan

0 of the side walls of the recessed portions in the

substrate is set to 2 or larger (where, 6 is the angle
defined by the side wall and bottom surface of the recessed
portions).

Each of the above—described optical reccrding mediums
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according to the present invention is the optical recording
medium in which reproduction is performed by the phase
modulation method and optimum signal output is obtained as
hereinafter described.
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a cross sectional view showing the basic
structure of an optical recording medium according to the
present ihvéntion; FIG. 2 is a schematic plan view of the
optical recording medlium according to the present
invention; FIG. 3 is an explanatory view describing the
slope of side walls of a recess portion in the optical
recording medium according to the present invention; FIGS.
4A and 4B are characteristilic curves provided to describe
the present 1nvention, which show changes in optical
characteristics before and after reéording; FIGS. 5A and 5B
are characteristic curves provided to describe the present
invention, which show changes in optical characteristics
before and aftér recording; FIG. 6 is a characteristic
curve showing a reproduction signal waveform of the optical
fecording medium according to the present invention; FIG. 7
is a characteristic curve showing a reproduction signal
level with respect to the direction of length of grooves;
FIG. 8 1s a characteristic curve showing groove width
dependence of the reproduction signal amplitude; FIG. 9 is
a characteristic curve showing a reproduction signal level
with respect to the direction of length of grooves when

wldth of grooves 1is increased; FIG. 10 is a characteristic
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curve showing groove depth dépendence of the reproduction
signal amplitude.of the optical recording medium; FIG. 11
is a characteristic curve provided to describe the present
invention, which shows the relations between SiN film
thickness and degree of modulation, and between SiN film
thickness and reflectance with respect to the optical
recording medium; FIG. 12 is a charactefistic curve
provided to describe the present invention, which shows
groove depth dependence of a reproduction signal amplitude;
FIG. 13 is a characteristic curve provided to describe the
present invention, which shows the relations between groove
depth and degree of modulation, and between groove depth
and reflectance with respect to the optical recording
medium; FIG. 14 i1s a characteristic curve provided to
describe the present invention, which shows groove depth
dependence of a reproduction signal amplitude; FIG. 15 is a
characteristic curve provided to describe the present
invention, which shows the dependence of the'reproduction’
signél amplitude on SiN film thickness with respect to the
optical recording medium; FIG. 16 is a characteristic curve
provided to describe the present invention, which shows the
relatlions between groove depth and degree of modulation,
and between groove depth and reflectance with respect to
the optical recording medium; FIG. 17 is a characteristic
curve provided'to describe the present invention, which
shows slope width dependence of a reproduction signal

amplitude; FIG. 18 is a characteristic curve provided to
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describe the present invention, which shows slope width
dependence of degree of modulation, and slope width
dependence of reflectance; FIG. 19 is a characteristic
curve provided to describe the present invention, which
shows groove width dependence of a reproduction signal
amplitude; and FIG. 20 1s a characteristic curve provided
to describe the present invention, which shows relations
between groove width and degree of modulation, and between

groove width and reflectance with respect to the optical

recording medium.
BEST MODE FOR CARRYING OUT INVENTION

An embodiment of a write once type optical recording
medium according to the present invention is the write once
tYpe optical disc in which reproduction, or reproduction

and recording are performed by an object lens whose

numerical aperture N.A. is 0.85 £ 0.05 using a blue-violet
laser in the region of 380nm ~ 450nm in wavelength A4

(hereinafter the N.A. and A are referred to as DVR

parameters) .

However, it is to be noted that the present
invention is not limited to optical discs but is applicable
to other forms such as, e.g., cards and the like depending
on modes of use.

The optical recording medium according to the
present invention, for example, recording film of an
optical disc comprises at least one layer formed of organic

material, specifically organic pigment material whose
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refractive index is changed when recording is performed by
irradiating light having, for example, the above mentioned
wavelength.

FIG. 1 is a schematic sectional view of a basic
structure of an optical recording medium 10, for example,
an optical disc according to the present invention, while
FIG. 2 1s a plan view to schematically show relevant parts
in which recording marks M are formed.

The optical recording medium 10 comprises: a metal
film 3, a recording film 4 and a dielectric film 5 formed
on a substrate 1 having recessed portions 2 which is, for
example, continuous or intermittent grooves or the like for
tracking provided on at least one main surface, and on
these films there 1s further coated by spin coating a light
transmlissive protectilion film 6 formed of a light
transmissive resin having a thickness of, e.g., 0.lmm.

An organic pigment film of the recording film 4 is
formed by, e.g., spin coating.

As shown 1n spectrum charts of optical constants
(refractive index n and absorption coefficient k) before
recording and after recording in FIG. 4A and FIG. 4B,
pigment used for the organic pigment film has a
characteristic of showing higher refractive index befofe
"recording than after recording (hereinafter referred to as
an L—-edge characteristic) or as shown in spectrum charts of
optical constants before recording and after recording in

FIG. 5A and FIG. 5B, pigment used for the organic pigment

10
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film has a characteristic of showling a lower refraction
index before recording than after recording (hereinafter
referred to as an S—edge characteristic).

When there is no absorption spectrum at about 400nm
in wavelength, as shown 1n spectrum charts of optical
constants in FIG. 4B or FIG. 5B, refractive index n of the
organic pigment film is 1.5 and absorption coefficient k
thereof is close to 0. Then, in order to obtailn a
reproduction signal, the refractive i1ndex n before
recording, that is, before thermal decomposition of the
organic pigment material 1s required to change after
recording, or after thermal decomposition, and it is
preferable that the difference An between refractive
indexes before recording and after recording is 0.1 or
higher.

For example, the organic pigment film is formed of
organic pigment material having the L-edge characteristic
in which, as shown in FIG. 4A, refractive index that is
higher than 1.5, specifically 1.6 or higher before
recording decreases, as shown in FIG. 4B, close to 1.5
after thermal decomposition, that 1s, after recording.

"Alternatively, the organic pigment film is formed of
organic pigment material having the S-—edge characteristic
in which, as shown in FIG. 5A, refractive index that is
lower than 1.5, specifically 1.4 or lower before recording

increases to higher values after recording as shown in FIG.

SB.

11
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In the optical recording medium 10 according to the
present invention, the recessed portions 2, i.e., the
grooves 2 are formed as recessed toward the substrate 1 and
areas between the grooves are referred to as land portions
7.

In the optical recording medium according: to the
present invention, the organic pigment film of the
recording film 4 is formed to be thicker inside the
recessed portions 2, e.g., inside the grooves and to be
thinner on the land portions 7 by selecting the amount of
coating, the number of revolution, temperature and humidity
of the spin coatilng.

Then, areas within the recessed portions 2, i.e.,
inside the grooves are defined as recording portions. That
is to say, recording marks M are formed within the recessed
portions 2.

As described above, the recording portions are
provided within the grooves, whereby Cross write.between
the rebording tracks can be reduced.

In the organic pigmént film, recording 1s performed
by recording the change in length of the light path due to
the change in optical constants (n, k) as a signal, and
degree of modulation becomes low 1f the film thickness is
thin, whereby degree of modulation becomes low at the land
portions having a thinner film and virtually makes no

contribution to the detected signal when the inside of the

recessed portions 2 1s employed as recording portions.

12
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In the embodiment of the optical recording medium 10
according to the present invention, an optical system
according to the above mentioned DVR parameter is applied
and a laser light 9 is converged and irradiated from the
side of the light transmissive protection film 6 through an
object lens 11.

The recording film 4 comprises at least one layer of
component‘film, at least one of which 1s formed of an-
organic material film, specifically an organic pigment film
having the above mentioned L-edge characteristic or S-edge
characteristic in which refractive index changes upon
decomposition by absorbing laser light, and the recording
marks M are written by the change of the refractive index
within the recessed portions 2,‘i.e., within the grooves.

Whén the substrate 1 having the recessed portions 2
is provided, a stamper having protruding portions
corresponding to the pattern of the recessed portions 2,
i.e., having an inverted pattern to that of the recessed
portions 2 is prepared, and the substrate 1 is formed of
polycarbonate (PC) resin or the like by injection molding
that uses a mold in which the stamper is disposed in cavity.

Alternatively, the substrate 1 having the recessed
portions 2 can be formed by the 2P method.

Specifically, in this case, a ultraviolet curing
resin is coated on a flat surface‘of the substrate by spin
coating or the like, and the recessed portions 2 are formed

by pressing the above mentioned stamper onto the resin

13
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layer, which 1s then cured by irradiating ultraviolet rays
to form the substrate 1 having a required pattern of the
recessed portions 2.

In the above mentioned construction, average width
WG of the recessed portions 2 (=(width W, at the bottom +
width W; at the opening W;)/2 : this will be applied in the
following) is set to 0.10um ~ 0.21um (see FIG. 3) .

Alternatively, the ﬁidth on the surface of a metal
film formed on the recessed portions 2 of the substrate 1
1s set to 0.104m ~ 0.154um.

Depth D of the recessed portions 2 is set to 40nm ~
65nm in the case where the organic pigment film
constituting the recording film has the S-edge
characteristic of 1.4 or lower refractive index before
recording.

' Alternatively, depth D of the recessed portions 2 is
set to 75nm ~ 11l5nm in the case where the organic pigment
film constituting the recording film has the L-edge
characteristic of 1.6 or higher refractive index before
recording.

Moreover, as shown in FIG. 3, a slope of the
sidewalls 2a of the recéssed portions 2 1s set to satisfy
tan® = 2, where 0 is the angle defined by the side wall
Za and the bottom surface of the recessed portions 2.

Furthermore, it is preferable that width WG of the
recessed portions 2, 1i.e., width of the grooves is narrow

in order to reduce cross write. Cross write can be, thus,

14
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reduced practically under the constant track pitch by
making the portion of the beam spot which has a small
amount of distributed light irradiating onto the adjacent
grooves smaller when width of the grooves becomes narrow.

It is noted that the above-described reduction in
cross write is a characteristic obtained when the phase
modulation type organic pigment film is employed as the
recordinglfilm.and the characteristic differs from a that
of the reflectaﬁce modulation type optical recording medium
in which phase change material 1s employed as the recording
film and the change i1n reflectance of the recorded portion
is directly read out.

Next, embodiments of the optical recording medium
according to the present invention will be described.

[First Embodiment]
In this embodiment, the recessed portions 2 are

grooves prdvided as tracking guide grooves having the

dimensions of 100nm in depth, 0.124m in width, 0.64m in

space between the grooves, and tanf = 2 in slope of the

side walls of the grooves as illustrated in FIG. 3.

Also, in this embodiment, a phase modulation type
optical disc is manufactured using a polycarbonate (PC)
substrate 1 in which the recessed portions 2, i.e., the
grooves are formed in one main surface of the substrate 1,
the metal film 3 1is formed by sputtering Ag of 20nm in
thickness on the surface where the grooves are formed, and

the recording film 4 of an organic pigment film, the

15
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dielectric.film 5> made from SiN of 10nm in thickness and
the light transmissive protection film 6 are sequentially
formed on the metal film 3.

The organic pigment film is formed by spin coating.
In this case, thickness of the film is set to 170nm inside
the grooves and 70nm on the land portions.

Further, 1in this embodiment, the organic pigment
film has the above mentioned L-edge characteristic, where
derivative of triphenylamine that is organic pigment

material having optical constants (n, k) = (2.0, 0.05)

before recording and changed into (n, k) (1.5, 0) after
recording at 405nm in wavelength is used.

Further, the structure of this film is designed to
maintain high reflectance both before recording and after
recording so that phase modulation can occur easily.
Specilfically, within the grooves reflectance before
recording is 26% and that after recording is 32%. On the
other hand, reflectance in the land portions is 32%.

With respect to the optical recording medium,
recording marks M comprising 0.694m long marks and 0.69um
long spaces were repeatedly recorded within the grooves.

In this case, as shown schematically in FIG. 2, width of
the marks extends substantially over the entire area 1in the
width of the groove.

FIG. 6 shows a reproduction waveform of the recording

marks M, i.e., a waveform of the reflected light amount in

the optical recording medium according to the first

16
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embodiment.

Further considerations weremade'by setting the first
embodiment to the corresponding parameter and performing a
computer simulation. In this case, so-called Fraunhofer
diffraction theory was used as a calculation method. The
calculation results correspond extremely well with
experimental results. Also, the calculation parameters
were selected to be high resolution in order to cope with
delicate fluctuation in the shape of the grooves and the
resolution on the disc was set to 1l0nm. Thus, the
calculation results were made in faithfully consistent with
the experimental results.

Furthermore, in specific parameters used in the
calculation, spreading angles of a semiconductor laser used
as a light source were set to 40" and 20° and a 2X
anamorphic prism was disposed at the subsequent stage to a
collimator lens to have a function equivalent to spreading
angle 40  in all directions. The focal length of the
collimator lens was set to 1l0nm. The object lens was set
to 1.3mm in radius (radius of aperture) and 0.85 in
numerical aperture N.A. The amount of light returning to
the aperture bf the object lens was obtained by performing
Fourier transformation of the distribution on the aperture
surface, projecting the result on a standardized disc based
on the N.A. of the lens and wavelength, and performing
reverse Fourier transformation after multiplying the

complex reflectance given 1n consideration of the shape of

17
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the grooves and the film structure in the above mentioned
10nm resolution by the incident light amount. Thus, the
detection signal was calculated on the assumption that the
entire light amount returning to the aperture of the object
lens returned to a detector for detecting the signal.
Then, amplitude and degree of modulation were
examined by monitoring the carrier wave provided by

repeating 0.69um marks and 0.69U4m spaces.

The marks M provided within the grooves 2 has a so-
called stadium shape of 0.12um in width as schematically
shown in FIG. 2. Similarly to the firét embodiment, depth
of the grooves was set to 100nm, width of the grooves was
set to 0.12um and space between grooves was set to 0.64m.
Further, width of the slope of the side walls d
corresponding to the first embodiment (the projection width
d of the side walls 2a shown in FIG. 3 onto the extended
horizontal surface of the bottom surface of the groove) was
set to 40nm.

Calculation results in the selected parameters are
shown in FIG. 7. It is understood that the waveform of the
first embodiment shown in FIG. 6 corresponds well with that
shown in FIG. 7.

[Second Embodiment]

FIG. 8 shows measurement results of respective
reproduction signal amplitude, i.e., the returned light
amounts obtained by changing the width of the groove in the

optical recording medium according to the first embodiment.

18
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As shown in FIG. 8, the signal amplitude declines when the
width of grooves exceeds a certain value. The reason for
that is when width of the grooves thus increases as
compared to that of the marks, the proportion of width of
the marks within a spot of the reproduction light increases
as the reproduction light spot comes to the center of the
mark and the reflectance increases as a result of decreased
interference with the land portions.

Specifically, fIG. 9 shows a reproduction signal

level in the direction of grooves length when width of the

grooves 1s 1increased to 0.28um. According to FIG. 9, the

reflectance increases near the center of the marks.

According to FIG. 8, it is understood that the
optimum result is obtained when width of the grooves is in
the range of 0.14m ~ 0.15um. Width of the grooves was
measured on the surface of the metal film 3, and in the
case where the metal film 3 was formed by sputtering, the
metal film 3 of 20nm in the maximum thickness was also
formed on the side surfaces of the grooves of the recessed
portions 2 in the substrate of this embodiment.
Accordingly, when the metal film 3 having 30nm in thickness

is fdrmed, width of the grooves on the surface of the metal

film is 0.154m and width at the bdttom of the recessed
portions 2 in the substrate is 0.21 um.

However, since the metal film 3 of 30nm or larger in
thickness may not be formed uniformly in the grooves of the

recessed portions 2 in the substrate and noise may increase,

19
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thickness of the metal film 3 is limitéed to 30nm and width
of the grooves in the substrate, 1.e., width of the

recessed portions 2 in the substrate is limited to 0.214m.

In other words, when the recessed portions 2 in the
substrate have grooves of 0.214m in width, excellent
results can be obtained by forming the metal film thereon.

On the other hand, 1f the metal film 3 1is formed by
directional sputtering;-it is possible to form the metal
film without being attached to the vertical side surfaces
of the grooves,'and in this case excellent results can be

obtained even if width of the grooves is 0.10 um.

Accordingly, when the recessed portions 2 in the
substrate have the width of 0.10um ~ 0.214m considering
tolerance of the metal film formed thereon, the optical
recording medium having high degree of modulation can be
obtained and satisfactory results can be achieved with the
width of the recessed portions being 0.104m ~ 0.154m on
the surface of the metal film formed thereon.

Ne#t, referring £o the third embodimenf, description
will be made on depth of the grooves of-the recessed
portions 2 in the substrate. Depth of the grooves does not
depend on the N.A. of the object lenmns.

[Third Embodimenf]

In the third embodiment, similarly to the first
embodiment a phase modulation type optical disc is
manufactured by employing the substrate 1 using

polycarbonate (PC) 1in which grooves are formed as the

20
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recessed portions 2 and side walls are substantially
vertical, forming the metal film 3 by sputtering Ag of 20nm
in thickness on the surface where the grooves are formed,
and sequentially depositing thereon an recording film 4
formed of organic pigment film, the dielectric film 5
formed of SiN of 10nm in thickness and the light
transmissive protection film 6.

With respect to width of the grooves of the recessed
portions 2 in the substrate, in order to obtain the above
mentioned advantageous effect, width of the recessed
portions 2, 1.e., width of the grooves was set to 0.14um
in this embodiment. Further, width of the lands was set to
be equal to the width of the-grooves. The object lens was
N.A. = 0.85.

Further, in this embodiment, there were manufactured
optical discs 1in which depths of the grooves of the
recessed portions 2 1n the substrate were varied.

The organic pigment film was formed by spin coating
to have the thickness which provides a flat surface by
filling the inside of the grooves, and to have 120nm in the
average thickness of the organic pigment film at the lands
7 and the grooves 2.

Specifically, in the case ﬁhere depth of the grooves
is, e.g., 40nm, the film thickness at the groove portions
is set to'l40nm while the fiim thickness at the land
portions 1s set to 100nm.

Also, in this case the organic pigment film formed
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of organic pigment material having the S-edge

characteristic and the optical constants of (n, k)

I

(1.2,

0.05) before recording and changed into (n, k) = (1.5, 0)
after recording at 405hm in wavelength was employed. The
organic pigment material was composed of cyanine k pigment
made from 1 - butyl - 2 - [5 - (- 1 - butyl - 3.3 -
dimethylbenz [e] indoline - 2 - yliden) - 1.3 -
pentadienyl] - 3, 3 - dimethyl - 1H - benz [e] indolium
perchlorate. '

In the third embodiment, length of the recording
marks is set to 0.69um and in this case the recording is
also made over the entire width of the grooves.

The change in reproduction signal amplitude with
respect to optical discs having different depth of the
grooves is shown in FIG. 10. In the case where the S-edge
characteristic is employed, the amplitude becomes negative
at about 100nm in depth of the grooves. Specifically, in
this case, the light amount detected before recording is
low, so that tracking servo signal may not obtained from
grooves, thereby causing problems 1n recording and
reproduction.

In a film construction for phase modulation type,
even if thickness of the organic pigment film and the SiN
film was changed, the amplitude of the reproduction signal
became negative at about 100nm 1n depth of the grooves but
became positive at 50nm in depth.

Specifically, 1t is preferable that depth of the
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grooves in the substrate is at about 50nm when the organic
pigment film having the S—-edge characteristic is used.
However, according to FIG. 10, the signal amplitude 1is
insufficient if the grooves are 50nm in depth.
Accordingly, depth of the grooves is set to 50nm and
the film construction is selected to enhance the signal
amplitude. Specifically, while film thickness of the
'organic pigment film within the grooves is set to 70nm,
film thickness dn the land'portions is set to 20nm, so that
the film thickness of the SiN dielectric film 5 is changed
and degree of modulation (signal amplitude/output at the
space portions between the marks) is measured. The curved
line 21 in FIG. 11 shows SiN film thickness dependence of
the degree of modulation. On the other hand, the curved
broken line 22 1n FIG. 11 shows SiN f£ilm thickness
dependence of reflectance at the space portions and that
indicates possibility of optimization} It 1is to be noted
that similar film thickness dependence of the SiN film is
observed when thickness of the organic pigment film is
changed from 70nm and the optimum value can be found for
each film thickness to obtain sufficient signal amplitude.
Further, since degree of modulation of the actual
optical recording medium, for example, the optical disc is
desirably 0.6 or higher, satisfactory results can be
obtained at about 50nm in depth of the grooves with the
film thickness of the SiN film set to virtually zero or

about 100nm.
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Then, considerations were made on tolerance when the
depth of grooves in the third embodiment shifts from 50nm.

Although the film construction was basically similar
to that of the third embodiment, thickness of the SiN film
was set to 100nm and thickness of the organic pigment film
within the grooves was set to 70nm.

Then, depth of the grooves i1n the substrate was
changedd‘ In thic case, when depth of the grooves was 1in
the range of 20nm to 50nm, film thickness on the land
portions was set such that the surface of the organic
pigment film became flat, and when depth of the grooves was
set to 60nm, film thickness on the land portions was 10nm,
when the depth of the grooves was 70nm, film thickness on
the land portions was 20nm, and steps were formed on the
surface of the organic pigment film.

Groove depth dependence of the reproduction signal
amplitude under the above conditions is shown in FIG. 12,
indicating the peak value when the grooves are 40nm in
depth and generally flat characteristic and very little
groove depth dependence when the grooves have at about 50nm
in depth.

Further, groove depth dependence of modulation degree
and that of reflectance are each shown by curved lines 31
and 32 in FIG. 13. It i1s understood that degree of
modulatiOn reaches the maximum value at 60nm and that, on
the contrary, reflectance becomes higher as the grooves

become shallower. Although the range in which degree of
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modulation becomes 0.6 or higher is 40nm ~ 70nm in depth of
the grooves, both amplitude and reflectance decrease at
70nm, whereby the range of 40nm ~ 65nm is determined as the
sultable range for the substrate employing the organic
pigment film having the S—-edge characteristic.

It is to be noted that practically the same results
were obtained when the thickness of the SiN film was zero
or when thickness of the organic pigment film was changed.
[Fourth Embodiment]

In this embodiment, though the thickness of the
organlic pigment film, substrate structure and shape of the
marks were similar to those of the third embodiment, the
organic pigment film was formed of triphenylamine
derivative having the L-edge characteristic used in the
first embodiment.

FIG. 14 shows groove depth dependence of the
reproduction signal amplitude in this case.

Contrary to the case in which the organic pigment
film having the S-edge characteristic is used, in this case,
it i1s understood that the amplitude becomes negative at
50nm 1n depth of the grooves and the largest amplitude can
be obtained at 100nm in depth.

Further, even 1f thickness of the organic pigment
film and that of the S1N film were changed, satisfactory
results could not be obtained at about 50nm in depth. FIG.
15 shows SiN film thickness dependence of the reproduction

signal amplitude at 50nm in depth of the grooves, and the
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amplitude shows negative.

Specifically, the aspect of the L-edge
characteristic i1s different from the S-edge characteristic
and 1t 1s preferable that the depth of the grooves is at
about 100nm in the organic pigment film having the L-edge
characteristic.

The curved line 41 in FIG. 16 shows degree of
modulation near 100nm in depth of the grooves while the
curved line 42 shows reflectance thereof.

As shown 1n the figure, degree of modulation
increases as the grooves become deeper and the organic
pigment film becomes thicker, but tolerance to the depth of
the grooves decreases, thereby satisfactory degree of
modulation being obtained in the range of 75nm ~ 115nm in
depth of the groove. Accordingly, as shown in FIG. 14, the
signal amplitude sharply falls into the negative outside
this range, and in this case the range of the suitable
groove depth is extremely obvious.

Although with respect to the DVR parameters there
have been described width and depth of the recessed
portions-z, i.e., width and depth of the grooves referring
to the embodiments, hereinafter considerations will be made
on the recessed portions 2, namely slope of the sidewalls.

Actually, slope of the side walls of the grooves
becomes not negligible when the grooves become 100nm in

depth and about 0.154m i1n width.

[Fifth Embodiment]
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This embodiment is to study the slope of side walls
of the grooves in the substrate, i.e., of the recessed
portions 2, and in this embodiment the same film
construction as 1n the first embodiment using the organic
pigment film which has the L-edge characteristic 1is
employed.

Then depth of the grooves in the substrate was set
to lOOnm'in order that effect on the slope of the'éide
walls of the grooves becomes obvious. ‘Width'df fhe grooves
was set to 0.l14um considering the above results, and the
slope was changed while maintaining the width at the center
portion of the side walls.

Further, thickness of‘the organic pigment film is
set to 170nm within the grooves and 70nm on the land
portions, thereby making each surface of the organic
pigment film on the substrate substantially flat.
Furthermore, the thickness of the organic pigment film on
the sloped sidé walls of the grooves is determined to make
the above mentioned surface flat.

In this construction, FIG. 17 shows dependence of
the reproduction signal amplitude after recording on the
organic pigment film on slope width d (the above mentioned
- width of the side walls projected onto the extended
horizontal surface of the bottom surface of the respective
grooves as shown in FIG. 3). According to FIG. 17, the
amplitude simply decreases as the slope width increases.

"Also, in FIG. 18 the curved lines 51 and 52 show
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dependence of modulation degree and of reflectance on slope
width d, respectively. As shown in FIGS. 17 and 18,
amplitude and reflectance decrease simultaneously as slope
width d increases. Although modulation degree is maintained
within a certain range, reflectance practically decreases
to 15% or less, which is extremely low, when the d is 50nm

or larger, thereby impractically reflectance being less

than 10% at d = 100nm as tanf= 1 'o'btained and belng
preferable to set tanf = 2 from practical point of view.

Further, when slope width d shown in FIG. 3 is fixed
to d = 60nm in which reflectance is too low and groove
width (the average width, i.e., the groove width at the
center portion of the side walls) is changed, the amplitude
becomes as shown in FIG. 19, wherein the location of d =
- 60nm in FIG. 17 corresponds to the location of 140nm in
groove width in FIG. 19. According to this, if there is
slope at the side walls in the grooves, slight increase in
amplitude 1s obtained by slightly widening the groove width.
However, such increase is as low as about lb% ~‘20% which
1s far from significant improvement.

Further, the curved lines 61l and 62 in FIG. 20 show
dependence of modulation degree and of reflectance on the
groove width, respectively, in which reflectance increases
only gradually. Accordingly, when there is slope in the
side walls, 1t becomes clear that the signal level
basically deterlorates by the amount of reflected light

simply being reduced.
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Also, as shown 1in FIG. 19, amplitude has already
decreased at 200nm in width of the groove, and validity of
specifying the groove width according to the present
invention as described in FIG. 8 proved even if slopes
exist in the side walls.

With respect to specifying depth of the recessed
portions 2 accbrdinglto the above mentioned present
invention, the abovédescribedvalidity also proved, and
satisfactory signal characteristic can be obtained by
setting the slope of the side walls expressed as tanf = 2
without directly concerning the width and depth of the
recessed portions 2.

Further, although in the fifth embodiment the
organic pigment film having the L-edge characteristic is
employed, it is simllar to the case where organic pigment
film having the S-edge characteristic is used.

Although in the above mentidned embodiments
according to. the present invention the recording film was
composed of the organic pigment film having a éingle—layer
recording film, it can be a multi-layer construction.
Further, although in:the above mentioned embodiments fine
concavity and convexity and recording films are formed on
one main surface of the substrate 1, needless to say that
various modifications may be made on the present invention
such as jointing two substrates'l each having fine
concavity and convexity and recording films on both

surfaces or one maln surface thereof.
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As described above, the write once type optical
recording medium according to the present invention is the
optical recording medium of a phase modulation type in the
DVR parameters, and 1s capable of providing a satisfactory
reproduction signal output by specifying the groove width
when reproduction, or reproduction and recording is
performed by a laser in the range of 380nm ~ 45Qnmin light
source wavelength A which is a so-called blue—vioiet
reglon.

Further, in the present invention, depth of the
recessed portions is set to about 50nm or about 100nm when
a blue-violet laser is applied regardless df N.A. of a lens,
and the organic pigment film has the optical constant such
as the S—-edge characteristic of 1.4 or lower refractive
index before recording or the L-edge characteristic of 1.6
or higher refractive index before recording, whereby
satisfactory reproduction output characteristics can be
obtained.

Further, since sufficient light amount can be
obtained from portions before recording, i.e., portions to
be recorded by performing a so-called High to Low recording
in which the returned light before recording is higher than
that after recording, a focus servo signal and a tracking
servo signal can reliably be obtained, thereby write once
recording or reproduction of the thical recording medium
being performed reliably and satisfactorily.

As mentioned above, according to the present
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invention, in an optical recording medium on which blue-
violet light 1s irradiated from the light transmissive
protection film side, a write once type optical recording
medium comprising recording film formed of organic pigment
material and having satisfactory reproduction output
characteristics 1is reliably constructed by specifying width,
depth and slope of side walls of the recessed portions
constituting fine concavity and convexity on the substrate.
Consequently, the recording film is formed of
organic pigment material, whereby the write once type
optical recording medium can be manufactured in large

quantity at a low cost and industrially significant

advantages can be achieved.
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CLAIMS
1. A phase modulation type optical recording medium
in which reproduction of recorded portions is performed by

irradiating light in the range of 380nm ~ 450nm in

wavelength A through an optical system having numerical

aperture N.A. of 0.85 £ 0.05, characterized in that:

at least one laver of recording film and at least
one layer of metal film are formed on a substrate having
recessed portions formed therein;

one or more layers of said recording film include
organic material that decomposes upon absorption of laser
light to change its refractive index; and

width of recessed portions 1in said substrate is set
to not less than 0.104m nor more than 0.214m.

2. An optical recording medium according to claim 1,
wherein said metal film is formed on said recessed portions
in said substrate and width of said recessed portions
obtained on the surface of said metal film is set to not
less than 0.104m nor more than 0.15Km.

3. A phase modulation type optical recording medium
in which reproduction of recorded portions is performed by
irradiating light in the range of 380nm ~ 450nm in
wavelength A, characterized in that:

at least one layer of recording film and at least
one layer of metal film are formed on a substrate having
recessed portions formed therein;

one or more layers of said recording film include
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organic material that decomposes upon absorption of laser
light to change its refractive index; and

depth of the recessed portions on said substrate is
set to not less than 40nm nor more than 65nm and refractive
index of the organic material which is used as said ‘
recording film and changes said refractive index is set to
1.4 or lower before recording.

4. A phase modulation type optical recording medium
in which reproduction of recorded portions 1s performed by
employing irradiation light in the range of 380nm ~ 450nm
in wavelength A, characterized in that:

at least one layer of recording film and at least
one layer of metal film are formed on a substrate having
recessed portions formed therein;

one or more layers of said recording film include
organic material that decomposes upon absorption of laser
light to change its refractive index; and

depth of the recessed portions in said substrate is
set to not less than 75nm nor more than 115nm and
refractive index of the organic material which is used as
said recording film and changes said refractive index is
set to 1.6 or higher before recording.

5. An optical recording medium according to claim 1,

2, 3 or 4, wherein slope tanf of side wa'lls of the

recessed portions 1in said substrate is set to 2 or larger

(where, 6 is the angle defined by said side walls and the

bottom surface of said recessed portions).
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FIG. 16
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DESCRIPTION OF REFERENCE NUMERALS
substrate
recessed portions
- side wall
metal film
recording film
dielectric lavyer
light transmiSSiOh protective film
land portiOns ‘
laser light
optical recording medium
object lens

recording marks
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