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(57) ABSTRACT 

A recording medium manufacturing method comprises a 
process for forming a thermosensitive material layer 12 on 
a substrate comprising a recording medium or a recording 
medium manufacturing master, a process for forming a 
denatured portion 12s of a pattern corresponding to target 
very small concavities and conveXities on the thermosensi 
tive material layer by irradiating laser light on the ther 
mosensitive material layer With patterns corresponding to 
target very small concavities and conveXities and a process 
for forming target very small concavities and conveXities by 
patterning the thermosensitive material layer by developing 
the thermosensitive material layer 12. In particular, in the 
laser light irradiation, there can be formed patterns indepen 
dent of the length of the very small concavities and con 
veXities by irradiation of laser light modulated by a fre 
quency higher than a period of very small concavities and 
conveXities. 
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METHOD OF MANUFACTURING RECORDING 
MEDIUM, METHOD OF MANUFACTURING 
RECORDING MEDIUM MANUFACTURING 

MASTER, APPARATUS FOR MANUFACTURING 
RECORDING MEDIUM AND APPARATUS FOR 
MANUFACTURING RECORDING MEDIUM 

MANUFACTURING MASTER TECHNICAL FIELD 

TECHNICAL FIELD 

[0001] The present invention relates to a method of manu 
facturing a recording medium in Which very small concavi 
ties and convexities such as pits comprising recording marks 
or grooves are formed, a method of manufacturing a record 
ing medium manufacturing master, an apparatus for manu 
facturing a recording medium and an apparatus for manu 
facturing a recording medium manufacturing master, for 
example. 
[0002] The above-mentioned master is a stamper itself for 
molding a recording medium having very small concavities 
and convexities formed thereon by injection molding or 2P 
method (PhotopolymeriZation method), a master for manu 
facturing a so-called master used to transfer and duplicate a 
plurality of stampers and a master such as a so-called mother 
master used to transfer and duplicate a plurality of masters, 
for example. 

BACKGROUND ART 

[0003] In recent years, there is an increasing demand for 
increasing a recording density. 

[0004] In recent years, in an optical pickup for reproduc 
ing a recording medium, there is proposed a so-called 
near-?eld arrangement in Which a distance betWeen a 
recording medium and an optical lens is selected to be under 
200 nm. According to this arrangement, an N.A (numerical 
aperture) of an optical lens system can be increased and a 
diameter of a beam spot can be reduced by using reproduc 
ing laser light having a short Wavelength, i.e., violet laser 
light, Whereby a track pitch can be reduced and a Width and 
a length of a recording mark can be reduced. Thus, a 
recording density can be improved more. 

[0005] A diameter of a beam spot of reproducing light is 
generally selected to be about tWice the Width of the record 
ing mark in order that the recording mark can be read out 
from the optical disk With a high reliability. In other Words, 
the recording mark formed on the recording medium should 
preferably be selected to be under 1/2 of a diameter of a 
minimum beam spot that can be formed by reproducing 
light. 

[0006] Currently, in the manufacturing process of the 
recording medium, e.g., in the manufacturing process of the 
master, for example, in general, as shoWn in a schematic 
cross-sectional vieW of FIG. 8, a photosensitive material 
layer 102 is formed on a substrate 101 comprising a master, 
e.g., glass substrate by spin coating. Laser light 103 is 
focused on this photosensitive material layer 102 by a 
condenser lens 104 and irradiated on the photosensitive 
material layer in response to desired data that should be 
recorded, for example. Thereafter, When this photosensitive 
material layer 102 is developed, the patterning of the pho 
tosensitive material layer 102 is effected by removing the 
area Which had been reacted in photosensitivity With irra 
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diation of laser light, for example. Then, very small con 
cavities and convexities corresponding to recording data are 
formed by etching the substrate 101 While this photosensi 
tive material layer is being used as a mask. 

[0007] As shoWn by an example of a y (gamma) curve in 
FIG. 9, a characteristic of a photosensitive material has a 
characteristic Which is exposed and reacted rapidly, i.e., 
Which is exposed and reacted substantially stepWise in a 
light exposure greater than a certain light exposure. There 
fore, When the photosensitive material is exposed by laser 
light having a laser light poWer distribution of a curve 202, 
in FIG. 10B, having poWer larger than this poWer as 
compared With a case in Which this photosensitive material 
is exposed by laser light having a laser light poWer distri 
bution shoWn by a curve 202 shoWn in FIG. 10A, a 
substantial photosensitive reaction area in the photosensitive 
material layer 102 is Widened to a certain extent but this 
Widened photosensitive reaction area does not lead to the 
area corresponding to exposure poWer. 

[0008] Accordingly, in the above process for manufactur 
ing the recording medium manufacturing master, When the 
photosensitive material layer is exposed With a luminous 
pattern shoWn by a curve 203 in FIG. 11A, for example, 
While laser light spirally scans the photosensitive material 
layer With rotation of the above substrate 101, for example, 
as shoWn in FIG. 11B, an exposed portion 102A correspond 
ing to a laser light irradiation pattern is formed on the 
photosensitive material layer 102 deposited on the substrate 
101. Then, very small convexities and concavities formed 
after this exposed portion, for example, had been removed 
by development and the substrate 101 had been etched by 
using this photosensitive material layer 102 as an etching 
mask are formed as stable patterns as shoWn by a plan vieW 
of concave portions 103 formed as recording marks, for 
example, in FIG. 11C. 

[0009] HoWever, in this case, the very small concavities 
and convexities formed by pattern-exposing this photosen 
sitive material layer are substantially determined by a diam 
eter of a spot of laser light for use in exposure so that very 
small convexities and concavities Which are over an optical 
limit cannot be formed. Accordingly, even When a diameter 
of a beam spot of reproducing laser light, for example, is 
reduced as much as possible, a Width of recording mark 
cannot be reduced under 1/2 of the diameter of the beam spot 
of this reproducing laser light. 

[0010] Although an electron beam Writing apparatus and 
the like are developed as a pattern exposure apparatus for 
photosensitive material layers as an aide to form very small 
patterns and to increase a density, this electron beam Writing 
apparatus has to execute Writing in the high vacuum atmo 
sphere. There then arises a problem that this apparatus 
becomes large in siZe and expensive. 

[0011] It is an object of the present invention to provide a 
method of manufacturing a recording medium and a method 
of manufacturing a recording medium manufacturing master 
in Which very small concavities and convexities having 
Widths or track pitches suf?ciently smaller than a beam spot 
of an optical limit of laser light used to form very small 
concavities and convexities can be formed independently of 
lengths of very small concavities and convexities. 

[0012] Further, it is another object of the present invention 
to provide an apparatus for manufacturing a recording 
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medium and an apparatus for manufacturing a recording 
medium manufacturing master having simple structures and 
Which can be constructed as sufficiently small apparatus as 
compared With the above electron beam Writing apparatus. 

DISCLOSURE OF INVENTION 

[0013] In a method of manufacturing a recording medium 
having very small concavities and convexities, a recording 
medium manufacturing method according to the present 
invention is comprised of a process for forming a ther 
mosensitive material layer on a substrate comprising a 
recording medium, a process for forming a denatured por 
tion With patterns corresponding to target very small con 
cavities and convexities on the thermosensitive material 
layer by irradiating laser light on this thermosensitive mate 
rial layer With patterns corresponding to the target very small 
concavities and convexities and a process for patterning this 
thermosensitive material layer by developing this ther 
mosensitive material layer. Then, in particular, according to 
the present invention, pattern irradiation of laser light is 
executed by irradiation of laser light modulated by a fre 
quency higher than a period of the target very small concave 
and convex patterns. 

[0014] A method of manufacturing a recording medium 
manufacturing master according to the present invention is 
a method of manufacturing a recording medium manufac 
turing master for manufacturing a recording medium having 
very small concavities and convexities. This method is 
comprised of a process for forming a thermosensitive mate 
rial layer on a substrate comprising a recording medium, a 
process for forming a denatured portion With patterns cor 
responding to very small concavities and convexities on the 
thermosensitive material layer by irradiating laser light on 
this thermosensitive material layer With patterns correspond 
ing to very small concave and convex patterns and a process 
for patterning the thermosensitive material layer by devel 
oping the thermosensitive material layer. Then, in particular, 
according to the present invention, pattern irradiation of 
laser light is executed by irradiation of laser light modulated 
by a frequency higher than a period of target very small 
concave and convex patterns. 

[0015] A recording medium manufacturing apparatus 
according to the present invention is an apparatus for 
manufacturing a recording medium having very small con 
cavities and convexities and is comprised of a holding 
means for holding a substrate comprising a recording 
medium in Which a thermosensitive material layer is depos 
ited at least on one major surface, a laser light source 
section, a modulating means for modulating laser light from 
this laser light source section in response to patterns of very 
small concavities and convexities and Which modulates laser 
light by a frequency higher than a period of patterns of very 
small concavities and convexities, an optical system includ 
ing a condenser lens system for focusing laser light on the 
thermosensitive material layer and a moving means for 
moving the irradiation position of laser light relative to the 
thermosensitive material layer. 

[0016] Further, an apparatus for manufacturing a record 
ing medium manufacturing a maser according to the present 
invention is an apparatus for manufacturing a recording 
medium having very small concavities and convexities and 
is comprised of a holding means for holding a substrate 
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comprising a master in Which a thermosensitive material 
layer is deposited at least on one major surface, a laser light 
source section, a modulating means for modulating laser 
light from this laser light source section in response to 
patterns of very small concavities and convexities and Which 
modulates laser light by a frequency higher than a period of 
the patterns of the very small concavities and convexities, an 
optical system including a condenser lens system for focus 
ing laser light on the thermosensitive material layer and a 
moving means for moving an irradiation of laser light 
relative to the thermosensitive material layer. 

[0017] As described above, in the recording medium and 
the method of manufacturing the medium manufacturing 
master according to the present invention, unlike the con 
ventional ordinary photosensitive material layer, the ther 
mosensitive material layer is used and a thermally-denatured 
portion is formed on the thermosensitive material layer by 
irradiating laser light on the thermosensitive material layer. 
Then, this denatured portion or the portion other than this 
denatured portion is removed by development and the 
denatured portion is formed on a heated region Whose Width 
is narroWer than the beam spot of the laser light by pattern 
ing. That is, there can be formed very small patterns Which 
are under the optical limit of the beam spot of the laser light. 

[0018] Further, in the recording medium and the method 
of manufacturing the medium manufacturing master accord 
ing to the present invention, in particular, laser light Which 
Was modulated to have a frequency higher than a period of 
the very small concavities and convexities is irradiated. With 
this arrangement, the heated portion Which is generated With 
continuous irradiation of laser light based on the length of 
the exposure portion, i.e., a duration of an exposure time can 
be prevented from being Widened and the denatured portion 
of the accurate predetermined shape, the Width and the pitch 
can be formed. Thus, it becomes possible to accurately form 
target very small patterns. 

[0019] Furthermore, in the recording medium and the 
apparatus for manufacturing the medium manufacturing 
master, since processing Work Within the high vacuum 
chamber is not required, a simple and small apparatus can be 
constructed. 

BRIEF DESCRIPTION OF DRAWINGS 

[0020] FIG. 1 is a plan vieW of an example of target very 
small concave and convex patterns obtained by a recording 
medium and a method of manufacturing a recording medium 
manufacturing master according to the present invention. 

[0021] FIG. 2 is a diagram shoWing a relationship a laser 
light poWer distribution and a temperature rise area used in 
a method according to the present invention. 

[0022] FIG. 3 is a diagram to Which reference Will be 
made in explaining a laser light modulation method in a 
recording medium and a method of manufacturing a record 
ing medium manufacturing a master according to the present 
invention, Wherein FIG. 3A shoWs a data pattern, FIGS. 3B 
and 3C shoW laser light irradiation patterns and FIG. 3D 
shoWs a very small concave and convex pattern. 

[0023] FIGS. 4A and 4B are process diagrams of 
examples of a recording medium and a method of manu 
facturing a recording medium manufacturing a master 
according to the present invention (No. 1). 
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[0024] FIGS. 5A to 5D are process diagrams of examples 
of a recording medium and a method of manufacturing a 
recording medium manufacturing a master according to the 
present invention (No. 2). 

[0025] FIG. 6 is a diagram of an example of a recording 
medium and a method of manufacturing a recording medium 
manufacturing a master according to the present invention. 

[0026] FIG. 7 is a diagram of another example of a 
recording medium and a method of manufacturing a record 
ing medium manufacturing a master according to the present 
invention. 

[0027] FIG. 8 is a schematic cross-sectional vieW to 
Which reference Will be made in explaining a method of 
manufacturing a master, for example, by using a photosen 
sitive material according to the prior art. 

[0028] FIG. 9 is a diagram shoWing a y (gamma) curve of 
a photosensitive material. 

[0029] FIG. 10 is a diagram to Which reference Will be 
made in explaining a conventional method, Wherein FIGS. 
10A and 10B are respectively diagrams shoWing a relation 
ship betWeen a laser light poWer distribution and an exposed 
and reacted area. 

[0030] FIG. 11 is a diagram to Which reference Will be 
made in explaining a conventional method, Wherein FIG. 
11A is a laser light pattern diagram, FIG. 11B is an exposure 
pattern diagram and FIG. 11C is a pattern diagram of 
concave portions. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0031] According to the recording medium manufacturing 
method of the present invention, as FIG. 1 shoWs a sche 
matic plan vieW of its example, for example, there can be 
manufactured a recording medium in Which very small 
concavities and convexities 2 in Which concave portions or 
convex portions comprising recording marks 1, for example, 
are arrayed are formed. 

[0032] In the recording medium manufacturing method 
according to the present invention, there is initially prepared 
an SiO2 substrate in Which a silicon oxide (SiO2) layer is 
formed on a transparent resin substrate, for example, com 
prising a recording medium or a glass substrate. A ther 
mosensitive material layer is formed on this substrate. 

[0033] Laser light is irradiated on this thermosensitive 
material layer With a pattern corresponding to the target very 
small concavities and convexities, i.e., an array pattern of 
the recording marks 1 of FIG. 1, for example, or an inverted 
pattern of this pattern, Whereby a denatured portion is 
formed on the thermosensitive material layer by a rise of 
temperature in a laser light irradiated portion. 

[0034] Assuming noW that a poWer distribution in the 
beam spot of irradiated laser light is a curve 3 in FIG. 2, for 
example, and is a substantial laser spot SP in the thermosen 
sitive material layer, then the denatured portion in the 
thermosensitive material layer, i.e., a temperature rise por 
tion 4 becomes an area narroWer than the laser spot SP. 
Speci?cally, this denatured portion can be made smaller than 
the laser spot. Further, the temperature rise area 4, i.e., the 
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Width of the denatured portion can be selected to be smaller 
by selecting laser poWer, for example. 

[0035] This temperature rise area 4 can increase its Width 
because its rear of the moving direction of the spot is 
irradiated by laser light a longer time than its front. 

[0036] Then, laser light irradiated on this thermosensitive 
material layer is modulated in intensity in response to the 
target very small concavities and convexities. When a 
recording data pattern that should be recorded on the record 
ing medium is a pattern shoWn in FIG. 3A, for example, 
laser light is modulated by a recording data signal based on 
this data pattern and is also modulated by a signal having a 
constant high frequency signal higher than the frequency of 
this recording data signal, e.g., several 100s of MHZ as 
shoWn in FIG. 3B or 3C. Speci?cally, at the same time laser 
light having poWer higher than the level in Which a tem 
perature rises to denature the thermosensitive material layer 
is selectively irradiated on the portion in Which the dena 
tured portion is formed, laser irradiation pattern of this 
portion is realiZed by modulation of irradiating pulse laser 
light made by repetition of on/off of high frequency as 
shoWn in FIG. 3B or by poWer modulation of repeated laser 
light higher than certain level of poWer in selectively irra 
diation of laser light in the denatured portion forming 
portion. 
[0037] Thereafter, this thermosensitive material layer is 
developed to eliminate the denatured portion or the portion 
Which is not denatured, thereby patterning the thermosen 
sitive material layer. 

[0038] According to the above method, since the very 
small concavities and convexities based on this thermosen 
sitive material layer are formed by patterning the thermosen 
sitive material layer, this condition can provide a recording 
medium having very small concavities and convexities. In 
this case, since the depth (difference of undulations) of the 
very small concavities and convexities is limited in such a 
Way as it is prescribed by the thickness of the thermosen 
sitive material layer, While this thermosensitive material 
layer is being used as an etching mask, very small concavi 
ties and convexities having necessary depths can be formed 
by etching the substrate surface to a predetermined depth 
according to an RIE (reactive ion etching) based on anisot 
ropy etching, for example. 

[0039] As described above, in the recording medium 
manufacturing method according to the present invention, 
the thermosensitive material layer is used and the denatured 
portion is formed by irradiating laser light on the thermosen 
sitive material layer. In this case, a Width in Which the 
denatured portion is formed on the thermosensitive material 
layer is formed, accordingly, the recording mark Width W 
and the track pitch P in FIG. 1, for example, can be made 
narroW. 

[0040] Therefore, according to this method, there can be 
formed smaller and high-density very small concavities and 
convexities. 

[0041] In particular, according to the method of the 
present invention, since laser light is discontinuously irra 
diated or repeatedly irradiated based on intensity of poWer 
after laser light had been modulated by the high frequency 
shoWn in FIGS. 3B and 3C, the recording mark pattern thus 
obtained can be reliably formed With a uniform Width 



US 2004/0209199 A1 

independently of the length, for example, as shown by an 
area a shown hatched in FIG. 3D. 

[0042] Speci?cally, When laser light is not modulated by a 
high frequency as in the present invention but laser light is 
modulated by only the data pattern and then irradiated, laser 
light is continuously irradiated on the long denatured portion 
for a long period of time, Whereby a heated area is Widened 
in the rear end side of the laser irradiation. Thus, as shoWn 
by dashed lines b in FIG. 3D, the Width of the denatured 
portion is Widened in the rear end of the laser irradiation 
portion. Speci?cally, the Width is ?uctuated depending on 
the length of the recording mark. 

[0043] HoWever, according to the method of the present 
invention, since laser irradiation is executed discontinuously 
or repeated by intensity of laser poWer after laser light had 
been modulated by high frequency, When the length of the 
mark is long, a rise of temperature can be suppressed so that 
the denatured portion in Which dependence of the length of 
the length of the mark is improved can be formed, i.e., the 
mark pattern can be formed. 

[0044] In the manufacturing method of the recording 
medium manufacturing master according to the present 
invention, as FIG. 1 shoWs a schematic plan vieW of its one 
example, there is manufactured a master by Which a record 
ing medium in Which very small concavities and convexities 
2 comprised of arrays of concavities or convexities com 
prising the recording mark 1, for example, is manufactured 
by injection molding, 2P method or the like. 

[0045] This master manufacturing method, there is pre 
pared a substrate comprising the master and a thermosensi 
tive material layer is formed on this substrate. 

[0046] Then, a denatured portion of this pattern is formed 
on the thermosensitive material layer by irradiating laser 
light on this thermosensitive material layer With a pattern 
corresponding to target very small concavities and convexi 
ties, i.e., pattern of concavities 1 comprising the recording 
mark of FIG. 1, for example, or inverted pattern of such 
pattern. 

[0047] Also in this case, laser light modulated similarly to 
the description of FIG. 3 is irradiated on the thermosensitive 
material layer. 

[0048] Thereafter, the denatured portion or the portion 
Which is not denatured is eliminated by developing the 
thermosensitive material layer, Whereby the thermosensitive 
material layer is patterned. Also in this case, as earlier noted 
With reference to FIG. 2, there can be formed a denatured 
portion narroWer than the laser spot. 

[0049] Also in this case, since the very small concavities 
and convexities are formed based on the thermosensitive 
material layer by patterning the thermosensitive material 
layer, this condition can provide a recording medium master 
having very small concavities and convexities. In this case, 
since the depth of very small concavities and convexities 
(difference of undulations) is restricted in such a Way as it is 
prescribed by the thickness of the thermosensitive material 
layer, While this thermosensitive material layer is being used 
as an etching mask, very small concavities and convexities 
having necessary depths are formed by etching the surface 
of the substrate With a predetermined depth according to the 
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RIE based on anisotropy etching, for example, thereby 
making it possible to manufacture the master. 

[0050] These masters may be stamper or so-called master 
for duplicating this stamper or so-called mother master for 
duplicating this master and the like as has been described in 
the preamble of the speci?cation of the present invention. 

[0051] Also in this master manufacturing method accord 
ing to the present invention, similarly to the recording 
medium manufacturing method, the thermosensitive mate 
rial layer is used and the denatured portion is formed by 
irradiation of laser light, Whereby smaller and highly-dense 
very small concavities and convexities can be formed. 

[0052] Since the laser irradiation is executed discontinu 
ously or repeated based on intensity of laser poWer after 
laser light had been modulated by the high frequency, there 
can be formed very small concavities and convexities in 
Which dependence of the length of the mark length can be 
improved. 

[0053] The thermosensitive material layer used in the 
above recording medium manufacturing method and the 
manufacturing method of the recording medium manufac 
turing master can be formed as a laminated structure of at 
least tWo layers or more made of materials different from 
each other, i.e., at least ?rst and second material layers. 
Then, When a temperature rises With irradiation of laser 
light, these material layers are mutually diffused or dis 
solved, Whereby a denatured portion based on mixture or 
reaction of tWo materials or more is formed. 

[0054] It is desirable that the material comprising this 
thermosensitive material layer should be an inorganic mate 
rial. 

[0055] The concrete arrangement of the thermosensitive 
material layer is laminated structure of an Al layer and a Cu 
layer, a laminated structure of an Al layer and a Ge layer, a 
laminated structure of a Si layer and an Al layer, a laminated 
structure of a Ge layer and an Au layer but it is not limited 
to these tWo-layer structure and can be formed as a lami 
nated structure of three layers or more. Further, there can be 
constructed a thermosensitive material layer based on a 
single-?lm structure of a metal in Which heat oxidation 
phenomenon occurs, e.g., Ti, Ta and this thermosensitive 
material layer is denatured by reacting it With oxygen in the 
air by irradiation of laser light. 

[0056] It is desirable that laser light irradiated on the 
thermosensitive material layer is semiconductor laser light, 
in particular, laser light of a GaN-based laser of violet laser 
light having a short Wavelength (e.g., Wavelength ranging 
from 410 nm to 390 nm). 

[0057] The diameter of the spot beam of laser light can be 
reduced by using laser light having a short Wavelength. 

[0058] The thermosensitive material layer is patterned by 
development using tetramethyl ammonium hydrooxide 
aqueous solution of 1 to 3%, for example. 

[0059] Next, a recording medium manufacturing method 
according to the present invention Will be described With 
reference to FIG. 4 and process diagrams (No. 1) and (No. 
2) of FIG. 5. The manufacturing method of the recording 
medium manufacturing master according to the present 
invention is not limited to this example. 
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[0060] As shown in FIG. 4A, there is prepared a disk-like 
substrate 1, for example, in Which a SiO2 layer (not shown) 
is formed on a substrate comprising a recording medium, 
e.g., glass substrate. A thermosensitive material layer 12 is 
formed on the surface of the SiO2 layer. This thermosensi 
tive material layer 12 has a ?lm arrangement in Which it is 
denatured, i.e., a characteristic is changed due to a tempera 
ture rise caused by laser light. 

[0061] In this example, the thermosensitive material layer 
12 is formed as a laminated structure of ?rst and second 
material layers 12a and 12b. 

[0062] The ?rst and second materials 12a and 12b have 
the material arrangement in Which denatured portions are 
formed When they are mutually diffused or dissolved, e.g., 
alloyed due to a temperature rise caused by irradiation of 
laser light. At the same time, the material of this denatured 
portion is selected in such a manner that a difference of 
dissolution rate occurs relative to a developer (dissolution 
solution) used in a development treatment process, Which 
Will be described later on, betWeen it and a portion Which is 
not denatured. 

[0063] Combinations of the material layers of the ?rst and 
second material layers 12a and 12b are Al and Cu, Al and 
Ge, or the like. 

[0064] Relative to this thermosensitive material layer 12, 
as shoWn in FIG. 4B, a laser spot of laser light 13 is 
relatively moved on the disk-like substrate 11, for example, 
in a predetermined direction along circles or spirals When 
the substrate 11, for example, is rotated and laser spot is 
moved in the radius direction of the substrate 11 as shoWn 
by arroWs in this sheet of draWing. Then, With this relative 
movement, as earlier noted With reference to FIG. 3, for 
example, laser light is irradiated With a pattern correspond 
ing to target data pattern. At the same time, a temperature 
rising potion of a predetermined pattern is formed on the 
thermosensitive material layer 12 by irradiation of laser light 
Whose poWer is changed by a frequency higher than that of 
this data pattern, e.g., modulation by a high frequency 
shoWn in FIG. 3B or 3C, for example. In this temperature 
rising portion, the ?rst and second material layers 12a and 
12b of the thermosensitive material layer 12 are mutually 
alloyed and thereby a denatured portion 12s corresponding 
to target very small concave and convex patterns is formed. 

[0065] In this manner, as shoWn in FIG. 5A, the denatured 
portion 12s formed by alloying the material layers and a 
non-denatured portion of other portion Which is not alloyed 
are formed on the thermosensitive material layer 12. 

[0066] Thereafter, the denatured portion 12s is removed, 
i.e., selectively etched by developing the thermosensitive 
material layer 12 as shoWn in FIG. 5B. 

[0067] As this developer, i.e., etchant of this denatured 
portion, there may be used tetramethyl ammonium hydroox 
ide aqueous solution of approximately 1 to 3%, for example. 
When the thermosensitive material layer is immersed into 
this aqueous solution, the denatured portion 12 formed by 
alloying can be removed by selectively etching, Whereby the 
thermosensitive material layer 12 can be patterned. 

[0068] Then, in this example, as shoWn in FIG. 5c, While 
the thermosensitive material layer 12 With the very small 
pattern is being used as an etching mask, very small con 

Oct. 21, 2004 

cavities and convexities 15 are formed by etching the 
substrate 1, e.g., the SiO2 layer on the surface of the 
substrate. 

[0069] In this etching, the very small concavities and 
convexities 15 Whose concave and convex cross-sections are 

rich in perpendicularlity can be formed by an RIE (reactive 
ion etching) based on anisotropy etching. 

[0070] A difference of undulations (depths) of the very 
small concavities and convexities 15 can freely be selected 
by selecting the SiO2 layer of the surface layer of the 
substrate, for example. In some cases, if an underlayer 
substrate under the SiO2 surface layer is used as an etching 
stopper, the depth of the very small concavities and con 
vexities 15 can be prescribed by the thickness of the SiO2 
surface layer. 

[0071] Thereafter, the thermosensitive material layer 12 is 
sequentially immersed into respective solutions of the sec 
ond and second material layers 12b and 12a and thereby 
these material layers are removed. 

[0072] In this manner, as shoWn in FIG. 5D, the very 
small concavities and convexities 15 are formed on the 
surface of the substrate 11. 

[0073] Thereafter, the thermosensitive material layer 12 is 
dissolved and removed and a re?ection ?lm, a protection 
?lm and, in some cases, various recording layers, e.g., 
recording layer such as a magnetic layer and a phase change 
material layer are formed on the substrate 11 in Which the 
very small concavities and convexities 15 are formed and 
thereby a target recording medium 16, e.g., an optical disk, 
a magneto-optical disk, an optical phase change disk and the 
like can be obtained. 

[0074] Like the above method, When tetramethyl ammo 
nium hydroxide aqueous solution is used in the development 
treatment, i.e, the selective etching after laser light had been 
irradiated on the thermosensitive material layer 12, in the 
conventional method using the ordinary photosensitive 
material layer, a Work becomes a similar Work used in a 
master manufacturing method using a novolac resin. There 
is an advantage that apparatus and processes that had been 
used in the conventional processes can be utiliZed as they 
are. 

[0075] While the denatured portion made With laser light 
irradiation is removed as the thermosensitive material layer 
12 by development, i.e., selective etching in the above 
example, there can be used other method Which removes 
other portions than the denatured portion. 

[0076] In this case, the thermosensitive material layer 12 
can be constructed by a combination of Ge and A1, a 
combination of Si and A1, a combination of Ge and Au or the 
like, for example, and the ?rst and second materials of the 
non-denatured portion can be removed by mixed solution of 
phosphoric acid, Water and glycerin and mixed solution of 
tartaric acid solvent and hydrogen peroxide acid. 

[0077] The denatured portion of the thermosensitive mate 
rial layer 12 can be formed based on phase change phenom 
enon, heat oxidation phenomenon or the like, This denatured 
portion is not limited to a multilayer structure and may be 
formed as a single-layer structure of metal Which can form 
the denatured portion 12s by heat oxidation phenomenon, 
for example, titanium, tantalum or the like. In this case, the 
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denatured portion is denatured by reacting it With oxygen in 
the air by irradiation of laser light. 

[0078] As described above, according to the present 
invention, since the multilayer or single layer thermosensi 
tive material layer can be made of inorganic material, these 
multilayer or single layer thermosensitive material layer can 
be deposited by sputtering or vapor deposition, and the like, 
the respective portions can be formed to have a uniform thin 
?lm thickness as compared With the case in Which a layer is 
deposited by spin coating When the photosensitive material 
layer is used in the conventional ordinary method. 

[0079] Therefore, very small concavities and convexities 
such as very small recording marks can be formed With high 
reliability. 
[0080] Further, as mentioned before, When the very small 
concavities and convexities 15 are formed by etching the 
substrate 11 according to the RIE While the patterned 
thermosensitive material layer 12 is being used as a mask, it 
is possible to avoid a disadvantage in Which depths and 
shapes of very small concavities and convexities are depen 
dent on the thickness and the shape of cross-section of the 
thermosensitive material layer 12 like the case in Which very 
small concavities and convexities are formed by the ther 
mosensitive material layer 12 itself. 

[0081] Next, a method of manufacturing a master accord 
ing to an embodiment of the present invention Will be 
described. This master manufacturing method can adopt 
methods similar to those described in FIGS. 4 and 5. In this 
master manufacturing method, the substrate 11 is con 
structed by a substrate comprising a master. HoWever, also 
in this case, there can be used the above SiO1 substrate. 

[0082] Then, a master 26 thus manufactured shoWn in 
FIG. 5D may be used as a stamper. This master 26 may be 
produced as a master for inverting and duplicating a stamper. 
Further, this master 26 may be produced as a mother master 
for inverting and duplicating a master. 

[0083] Then, With the stamper thus obtained, a recording 
medium substrate having target very small concavities and 
convexities is formed by injection molding, 2P method or 
the like, Then, a re?ection ?lm, a protection ?lm, in some 
cases, various recording layers and the like are deposited on 
the recording medium substrate similarly to the aforemen 
tioned recording medium manufacturing method, Whereby 
target optical disk, magneto-optical disk, phase-change disk 
and the like, for example, can be obtained. 

[0084] Further, a recording medium manufacturing appa 
ratus according to the present invention is comprised of, as 
FIG. 6 shoWs a schematic arrangement of its one example, 
a holding means 41 for holding a disk-like substrate 11 
comprising a recording medium in Which a thermosensitive 
material layer (not shoWn) is deposited, a laser light source 
section 42, a modulating means for modulating laser light 13 
from this laser light source section 42 and Which modulates 
laser light by a frequency higher than a period of the very 
small concave and convex patterns, an optical system 45 
including a condenser lens 44 for focusing laser light on the 
thermosensitive material layer and a moving means for 
moving irradiation position of laser light relative to the 
thermosensitive material layer. 

[0085] The laser light source section 42 may not be limited 
to a semiconductor laser, for example, and may include a 
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laser such as an Ar gas laser or the like and further include 
a Wavelength modulator, for example, to output laser light 
having short Wavelength. In this case, as shoWn in FIG. 6, 
a loW-speed modulator 46 and a high-speed modulator 47 
are provided in the optical path in Which the laser light 13 
emitted from the laser light source section 42 is directed by 
the optical system 45 toWard the substrate 11. 

[0086] The loW-speed modulator 46 modulates the laser 
light 13 by the recording data signal described With refer 
ence to FIG. 3 and the high-speed modulator 47 modulates 
laser light by the constant high-frequency signal described 
With reference to FIG. 3. 

[0087] As this loW-speed modulator 47, there can be used 
various kinds of conventional modulators, e.g., modulator 
using electrooptic (EO) effect, acoustooptic (AO) effect and 
various kinds of effects. 

[0088] Further, as the high-speed modulator 47, there can 
be used a modulator that had been reported in K. Osato, K. 
Yamamoto, I. Ichimura, F. Maeda, Y. Kasami, M. Yamada, 
Proceedings of optical Data Storage ’98, Aspen, Colo., 
80-86, “A reWritable optical disk system With over 10 GB of 
capasity”. 

[0089] As described above, the laser light 13 emitted from 
the laser light source section 42 is modulated by the high 
speed modulator 47, the loW-speed modulator 46 and 
focused and irradiated on the thermosensitive material layer 
on the substrate 11 by the optical system 45 having the 
mirror 47, the condenser lens system 44 and the like. At that 
time, in order that the laser light 13 is relatively moved 
relative to the thermosensitive material layer so as to scan 
the substrate 11, as the moving means, the holding means 41 
of the substrate 11, for example, is rotated. On the other 
hand, the optical system is moved in the radius direction of 
the substrate 11, Whereby the laser light 13 scans the 
thermosensitive material layer on the substrate 11 circularly 
or spirally With concentric circles. Then, the denatured 
portion of the predetermined pattern is formed by modula 
tion of the above laser light. 

[0090] In the example in Which FIG. 7 shoWs a schematic 
diagram, the laser light source section 42 is comprised of a 
semiconductor laser. In FIG. 7, elements and parts identical 
to those of FIG. 6 are denoted by identical reference 
numerals and therefore need not be described. The modu 
lating means 43 in this case is adapted to modulate a current 
supplied to the semiconductor laser by the above recording 
data signal and constant high-frequency signal. 

[0091] After laser light had been irradiated on the ther 
mosensitive material layer by the above apparatus of the 
present invention, in accordance With the aforementioned 
method of the present invention, there is obtained a record 
ing medium having target very small concavities and con 
vexities by developing and etching the thermosensitive 
material layer and the like. 

[0092] The recording medium manufacturing apparatus 
and the manufacturing apparatus of the recording medium 
manufacturing master according to the present invention can 
be simpli?ed in arrangement so that they can be made 
compact in siZe and can be made inexpensive. 

[0093] In particular, according to the arrangement shoWn 
in FIG. 7, they can be made more compact and more simple 
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by using a semiconductor laser. At the same time they can 
be made inexpensive, time and labor for maintenance can be 
reduced considerably. 

[0094] Also in this case, When a short-Wavelength laser 
such as a GaN-based laser is used as a semiconductor laser, 
smaller concavities and conveXities can be formed and the 
recording medium can be made higher in density. 

[0095] As described above, according to the present 
invention, there can be obtained the recording medium 
having very small concavities and conveXities, e.g., a read 
only optical disk, a reWritable optical disk, a phase change 
type optical disk, a magneto-optical disk and a magnetic 
disk. Further, the present invention is not limited to a 
so-called disk-like disk and can be applied to the case in 
Which a recording medium of other shape, e.g., card-like 
recording medium can be obtained. 

[0096] Speci?cally, according to the present invention, 
very small concavities and conveXities in the recording 
medium that is formed ?nally are not limited to so-called 
pits and can be applied to various arrangements such as 
grooves. 

[0097] As described above, according to the recording 
medium and the manufacturing method of the recording 
medium manufacturing master of the present invention, the 
thermosensitive material layer is used instead of the ordinary 
photosensitive material unlike the prior art, the thermally 
denatured portion is formed on the thermosensitive material 
layer by irradiating laser light on the thermosensitive mate 
rial layer and this denatured portion or the non-denatured 
portion is removed by development and thereby patterned. 
Since the denatured portion can be formed in the heated area 
of the Width narroWer than the laser light spot, the very small 
concavities and conveXities thus formed by the above 
method can be formed as very small patterns less than the 
optical limit of the laser light spot. 

[0098] Therefore, there can be constructed a recording 
medium having high recording density and high resolution. 

[0099] Then, laser light is irradiated on the thermosensi 
tive material layer at the same time laser light is modulated 
by the recording data signal, for eXample. In particular, 
according to the present invention, laser light is modulated 
by a constant high frequency signal higher than the fre 
quency of the recording data signal. Thus, the pattern of the 
denatured portion in the thermosensitive material layer can 
effectively be avoided from being Widened at the rear side as 
laser light is moved When a temperature rises due to the 
irradiation of laser light When the long pattern is formed. 
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[0100] Therefore, the pattern of the denatured portion in 
the thermosensitive material layer can be reliably formed as 
the target pattern independently of the length of the pattern. 
Finally, there can be manufactured a recording medium 
having a high recording density and a high resolution. 

[0101] According to the recording medium and the manu 
facturing apparatus of the recording medium manufacturing 
master of the present invention, since a highly vacuum 
chamber need not be provided, the apparatus can be made 
simple, compact and inexpensive. Further, there can be 
constructed the apparatus Whose maintenance can be made 
simple. 

1-19 (Canceled) 
20. In a recording medium manufacturing master manu 

facturing apparatus for manufacturing a recording medium 
having very small concavities and conveXities Which corre 
spond to recording marks or grooves, said recording 
medium manufacturing master manufacturing apparatus 
comprising: 

holding means for holding a substrate constituting a 
master in Which a thermosensitive inorganic material 
layer is deposited on at least one major surface; 

a laser light source; 

modulating means for modulating laser light from said 
laser light source in response to patterns of said very 
small concavities and conveXities and modulating said 
laser light to a frequency higher than a period of the 
patterns of said very small concavities and conveXities; 

an optical system including a condenser lens system for 
focusing said laser light on said thermosensitive inor 
ganic material layer; and 

moving-means for moving irradiation position of said 
laser light relative to said thermosensitive inorganic 
material layer. 

21. Arecording medium manufacturing apparatus accord 
ing to claim 20, Wherein said modulating means is com 
prised of a high-speed modulator and a loW-speed modula 
tor. 

22. Arecording medium manufacturing apparatus accord 
ing to claim 20, Wherein said laser light source is comprised 
of a semiconductor laser and said modulating means modu 
lates a current supplied to said semiconductor laser. 


