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(57) ABSTRACT 

A Stamper Suppressed in Surface roughness, uneven thick 
neSS, and deviation of circularity in inner circumference, a 
method of producing the Same, an optical recording medium 
produced by molding using the Stamper, and a method of 
producing the Same, wherein a base member having a mirror 
polished main Surface and comprising Silicon or glass is 
formed with a resist film; the resist film is exposed by a 
focused electron beam, an ultraViolet ray laser, etc. and 
developed So as to form a resist film of a pattern corre 
sponding to relief shapes, the mirror Surface of the base 
member is processed to relief shapes (projecting regions and 
recessed regions) by dry etching etc. using the obtained 
resist film as a mask So as to obtain a Stamper; the obtained 
Stamper is used for injection molding to form a medium 
Substrate; and an optical recording multilayer film and a 
protective layer are formed to thereby produce an optical 
recording medium. 
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FIG. 2A 
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FIG. 3A RD 
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FIG. 4A 
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FIG. 5A 
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FIG 7A 
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FIG. 8 
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FIG. 13 
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STAMPER FOR PRODUCING OPTICAL 
RECORDING MEDIUM, OPTICAL RECORDING 
MEDIUM, AND METHODS OF PRODUCING THE 

SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a stamper used in 
a process of producing an optical recording medium (here 
inafter also referred to as an “optical disk”), an optical 
recording medium, and methods of producing the same. 
0003 2. Description of the Related Art 
0004. In recent years, along with the advances made in 
technology for recording moving pictures, Still images, and 
other Video data in a digital format, compact disk (CD), 
digital versatile disk (DVD), and other optical disk appara 
tuses have been Spotlighted as large capacity recording 
apparatuses. Research is underway for further increasing 
their capacity. 
0005 FIG. 1 is a cross-sectional view of principal parts 
of an optical disk of the related art. 
0006. One surface of a light transmitting disk substrate 
112 made of for example polycarbonate is provided with 
projecting regions 112a and recessed regions 112b defining 
track regions. 
0007 That surface has further formed on it an optical 
recording multilayer film 13 comprised for example of a 
dielectric film, a phase change film or other recording film, 
another dielectric film, a reflection film, etc. Stacked in that 
order. The configuration and the number of layers of the 
optical recording multilayer film 113 differ in accordance 
with the type of the recording material and the design. 
0008 Furthermore, a protective film 114 is formed on the 
optical recording multilayer film 113. 
0009. In the above optical disk, when recording or repro 
ducing information, a laser light is irradiated for example 
from the disk substrate 112 side to the optical recording 
multilayer film 113. 
0.010 When reproducing from the optical disk, a light 
receiving element receives the return light reflected on the 
optical recording multilayer film 13, and a Signal processing 
circuit generates a predetermined signal to give a reproduc 
tion Signal. 
0011. In the above optical disk, the optical recording 
multilayer film 113 is also provided with relief shapes in 
accordance with the projecting regions 112a and recessed 
regions 112b provided on one surface of the disk substrate 
112. The projecting regions 112a and recessed regions 112b 
define the track regions. 
0012. The projecting regions 112a are referred as 
“lands”, which are projecting to the protective film 114 side 
when viewed from the disk Substrate 112-side, while the 
recessed regions 112b are referred as "grooves'. It is poS 
sible to record information both at the lands and the grooves 
or use only one of the lands and grooves as recording 
regions. 
0013 Further, by forming pits having lengths corre 
sponding to the recorded data as the relief shapes of the disk 
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Substrate 112 and by using an aluminum film or other 
reflection film as an optical recording film instead of the 
optical recording multilayer film 113, it is possible to obtain 
a read only (ROM) type optical disk. 
0014) The capacity of optical disk apparatuses using Such 
optical disks can be increased by Shortening the wavelength 
of the laser light used for recording and reproduction of the 
optical disk and by increasing the numerical aperture (NA) 
of the object lens. 
0015. Further, the increase in the numerical aperture 
(NA) of the object lens leads to less tolerance to disk tilt in 
the optical disk apparatus, So to bring the coma within the 
allowable range, it is necessary to make the light transmit 
ting layer thin. 
0016 For example, in a CD, the wavelength of the laser 
light is in the 780 nm band, the numerical aperture of the 
object lens is 0.45, and the thickness of the light transmitting 
disk Substrate is 1.2 mm, On the other hand, in a DVD, the 
wavelength of the laser light is in the 650 nm band, the 
numerical aperture of the object lens is 0.6, and the thickness 
of a light transmitting disk Substrate is 0.6 mm. For example, 
two disk Substrates are bonded together for use as a Substrate 
having a thickness of 1.2 mm. 
0017. As a next generation optical disk apparatus able to 
handle further increases in recording capacity, there has been 
proposed an optical disk apparatus shortening the wave 
length of the laser light to the blue to bluish violet region (for 
example, 400 nm), increasing the numerical aperture of the 
object lens to 0.8 or more (for example, 0.85), and, corre 
sponding to this, using an optical recording medium having 
a thickness of the light transmitting layer reduced to about 
0.1 mm. Since the above light transmitting layer having a 
thickness of 0.1 mm has insufficient rigidity, a disk Substrate 
having a thickness of about 1.1 mm is used. 
0018. A method of producing the above optical disk will 
be explained next. 
0019 FIG. 2A is a schematic view of the configuration 
of a cutting apparatus (exposure apparatus) used in the 
above method of production, while FIG. 2B is a perspective 
View of principal portions. 

0020. As a light source, for example a Kr gas (ion) laser 
GL having an oscillation wavelength of 351 nm is provided. 
On its light axis, an electro-optic modulator EOM, a polar 
ized beam splitter PBS1, a mirror M1, a lens L1, an 
acousto-optio modulator AOM, a lens L2, a mirror M2, a 
lens L3, a lens L4, a dichroic mirror DCM, a mirror M3, and 
an object lens OL are arranged as optical elements at 
predetermined positions. 

0021. The optical elements of the mirror M2 and before 
are fixed on a fixed table, while the optical elements of the 
lens L3 on are mounted on a movable table MT. 

0022. Further, a resist disk RD' obtained by forming a 
resist film R on a glass substrate G to be exposed by the 
cutting apparatus is chucked on an air Spindle capable of 
being driven to rotate with a high rotational accuracy by a 
Spindle motor. 

0023. A laser light LT1 emitted from the gas laser GL 
passes through the electro-optic modulator EOM and the 
polarized beam splitter PBS1 and is reflected at the mirror 
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M1 to be bent in direction of advance. At this time, part of 
the laser light LT1 passes through the mirror M1 and strikes 
a photodiode PD1. 

0024. The laser light LT1 reflected at the mirror M1 in the 
above way is focused by the lens L1, passes through the 
acousto-optic modulator AOM and is returned to parallel 
light by the lens L2, and is reflected at the mirror M2 and 
bent in direction of advance. At this time, part of the laser 
light LT1 passes through the mirror M2 and strikes the 
photodiode PD2. 
0.025 Depending on the intensity of the light received by 
the photodiode PD1 and photodiode PD2, automatic power 
control (APC) is performed to provide feedback to the 
electro-optic modulator EOM, and obtain a constant output. 
0.026 Further, the acousto-optic modulator AOM modu 
lates the laser light LT1 in accordance with need. 
0027. The laser light LT1 reflected at the mirror M2 is 
expanded in beam diameter by a beam expander comprising 
the lenses L3 and L4, passes through the dichroic mirror 
DCM, is reflected at the mirror M3, and is focused to a spot 
having a diameter of for example 0.3 um on the resist film 
of the resist disk RD" by the object lens to form an exposure 
area EX. 

0028. The above cutting apparatus can drive the resist 
disk RD' to rotate in the spindle direction SD by a not shown 
spindle motor, feed the movable table MT in the radial 
direction of the resist disk RD" in predetermined increments, 
and while doing this irradiate the above laser light LT1 to the 
resist film of the resist disk RD'So as to expose a pattern on 
the resist disk RD". 

0029. For example, in the process of producing a phase 
change type optical disk or other rewritable type optical 
disk, it is possible to make the exposure use laser light Scan 
and expose the resist in a spiral along the pattern of the 
tracks (lands/grooves) defining the recording regions. 
0030) Further, in the process of producing a read only 
(ROM) type optical disk, it is possible to make the exposure 
use laser light Scan and expose the resist in a spiral while 
turning it on and off in accordance with the recorded data 
(information pits). 
0031) An auto-focus (A/F) mechanism is provided to 
keep the focal point of the object lens in register with the 
resist disk RD" at all times. 

0.032 For example, an skew ray method using a laser 
diode LD having an oscillation wavelength of 686 nm as the 
A/F optical system is used. A laser light LT2 of 680 nm 
emitted from the laser diode LD is reflected on the light 
Splitting Surface of the polarized beam splitter PBS2, passes 
through a quarter wave plate QWP to be reflected at the 
dichroic mirror DCM, and strikes the resist disk RD' 
together with the laser light LT1. 
0033. At this time, the laser light LT2 is focused by the 
object lens OL on the focal plane of the laser light LT1. 
0034. The laser light LT2 is reflected at the resist disk 
RD", passes through the object lens, and returns. The 
resultant Spot is projected on a position Sensing diode PSD. 
0035. At this time, by making the laser light LT2 strike 
substantially parallel to the light axis of the object lens from 
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a position Somewhat off from the light axis of the object lens 
and focus at a position Somewhat off from the focal point of 
the laser light LT1 on the resist disk Surface, displacement 
from the focal plane on the light axis of the resist disk 
Surface is detected as displacement of the laser light LT2 on 
the resist disk. By the optical lever principle, it is detected 
magnified about 100-fold on the position Sensing diode 
PSD. 

0036). In this way, the position of a spot on the position 
sensing diode PSD is detected, the displacement from the 
position of the spot of the return light of the laser light LT2 
at the time when the resist disk Surface is in register with the 
focal position is fed back as an amount of focal error to an 
actuator for vertical movement of the object lens to drive the 
actuator, and A/F Servo control is performed to keep the laser 
light LT1 focused on the resist disk at all times. 
0037. Further, the A/F optical system uses the polarized 
beam splitter PBS2 and the quarter-wave plate QWP as 
polarization elements for effectively separating an outbound 
path and return path of the laser light LT2. 
0038. The above cutting apparatus can be used to produce 
an optical disk as follows: 
0039) First, as shown in FIG. 3A, a resist disk RD' 
comprising a glass Substrate G formed with a resist film R 
is prepared. 
0040. The glass substrate G, for example, has a diameter 
of 200 nm and a thickness of several mm and is precision 
polished on its Surface. 
0041 Further, the resist film R is formed by spin-coating 
to a thickness of 100 nm using for example a photosensitive 
positive type photoresist Sensitive to ultraViolet rays. The 
Solvent remaining in the resist film R is removed by baking 
at Several tens of degrees Celsius. 
0042 Next, as shown in FIG. 3B, the cutting apparatus 
shown in FIG. 2A and FIG. 2B is used to expose the resist 
film R by a pattern for exposing regions for forming the 
recessed regions of the disk Substrate and to develop this by 
an alkali developing Solution etc. to form a pattern of the 
resist film R1 opened at areas for forming the recessed 
regions in the disk Substrate. 
0043. Next, as shown in FIG. 4A, for example, the 
Surface is nickel plated to form a Stamper 111 on the resist 
film R1 on the glass substrate G. The surface of the stamper 
111 is formed with projecting regions 111a by the transfer of 
the inverse pattern of relief Shapes from the regions R2 for 
forming recessed regions in the disk Substrate opened in the 
resist film R1. On the other hand, it is formed with recessed 
regions 111b by the transfer of the inverse pattern of relief 
shapes in the regions of the resist film R1. 
0044) Next, as shown in FIG. 4B, the stamper 111 is 
removed from the resist film R1 on the glass substrate G. 
0045 Next, as shown in FIG. 5A, the above obtained 
Stamper 111 is fixed in a cavity formed by upper and lower 
molds MD1 and MD2 to form a mold assembly for injection 
molding. At this time, the Stamper 111 is arranged So that its 
relief Shapes forming Surface faces the inside of the cavity. 
0046 By injecting for example polycarbonate or another 
resin 112' in the molten state into the cavity of the injection 
molding mold assembly from a charging port PT of the mold 
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assembly, as shown in FIG. 5B, a disk substrate 112 is 
formed over the relief pattern of the stamper 111. 
0047. Here, the surface of the disk substrate 112 is 
formed with projecting regions 112a by the transfer of the 
inverse pattern of relief shapes from the recessed regions 
111b in the surface of the stamper 111, while is formed with 
recessed regions 112b by the transfer of an inverse pattern of 
reliefshapes from the projecting regions 111a of the Stamper 
111. 

0.048. The molded article is removed from the injection 
molding mold assembly to obtain a disk substrate 112 
formed with projecting regions 112a and recessed regions 
112b on its Surface as shown in FIG. 6A. 

0049) Next, as shown in FIG. 6B, the surface of the disk 
Substrate 112 is Swept by air, nitrogen gas, or another gas to 
remove dust, then is Successively formed with a dielectric 
film, a recording film, another dielectric film, and a reflec 
tion film in that orderby, for example, Sputtering, to form the 
optical recording multilayer film 113. 

0050. Next, as shown in FIG. 6C, a protective film 114 
is formed above the optical recording multilayer film 113. 
0051 Due to the above, an optical disk having the 
configuration shown in FIG. 1 can be produced. 
0.052 As the above stamper, it is also possible to use a 
Stamper replicated by transfer of relief Shapes from the 
Stamper formed on the resist disk by electroplating as a 
master, that is, a Stamper obtained by forming a mother 
Stamper by electroplating the master and further electroplat 
ing the mother Stamper. 
0.053 By making the exposure laser light scan and expose 
the resist in a spiral while being turned on and off in 
accordance with the recorded data in the exposure proceSS So 
as to form pits having lengths in accordance with the 
recorded data as the relief shapes of the disk substrate 112 
and forming an aluminum film or other reflection film as the 
optical recording film, it is also possible to produce a read 
only (ROM) type optical disk. 
0.054 If exposing a resist disk by a predetermined pattern 
by the cutting apparatus shown in FIGS. 2A and 2B, the 
mechanism as a whole is placed on an air table So as not to 
be affected by outside vibration of the place of installation. 
0055. In this case, the minimum pattern size able to be 
formed by the cutting, that is, the resolution P, generally 
depends on the laser wavelength W, numerical aperture NA 
of the object lens, properties of the resist film, etc. and is 
expressed by the formula (1) from a process factor K 
normally a value from 0.5 to 0.8: 

P=K(INA) (1) 

0056. For example, when entering =351 nm, NA=0.9, 
and K=0.5, P=0.2 um stands, and grooves of a track pitch of 
0.4 um or a pattern of the resist film having a line/space ratio 
(L/S, widths of portions left as pattern and portions 
removed) of 0.2 um/0.2 um is obtained. 
0057 Along with the rapid advances made in information 
communication and image processing technology in recent 
years, optical disk recording capacities Several times greater 
than the present will probably be demanded in the near 
future. This means a recording capacity of, for example, 
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more than 20 GB will be required. To achieve this by the 
Same Signal processing as that at present on one Surface of 
a disk having a diameter of 12 cm, a groove pattern having 
a track pitch of 0.4 um or leSS has to be formed on a 
rewritable optical disk. 
0058. Further, in a magneto-optical disk, phase change 
disk, or other rewritable optical disk, a groove pattern of 
“deep grooves', that is, grooves as thin and deep as possible, 
is preferable for improving the croSS erase characteristic at 
the time of data write operations. 
0059) To form such fine, deep grooves, shortening of the 
laser wavelength w and an increase of the numerical aperture 
NA are required from the above formula (1). However, the 
present value 0.9 of the numerical aperture NA of the object 
lens is the limit from the Viewpoint of the precision in design 
and fabrication of lenses. 

0060 Turning now to the specific problems to be solved 
by the invention, the stamper used in the above method of 
production ends up with rough side Surfaces of the resist film 
or Surfaces of edges at pits or guide grooves at unexposed 
portions due to uneven rotation or uneven development of 
the resist disk at the time of exposure in the method of 
production. Thus, the Surface SmoothneSS is low. This 
appears as noise in a low frequency range and causes 
deterioration of the Signal-to-noise (SIN) ratio. For example, 
even if the Surface roughness Ra of the original glass 
substrate is about 0.3 nm, the surface roughness Ra of the 
nickel stamper obtained therefrom ends up becoming about 
0.5 nm reflecting the Surface roughness of the resist film. 
0061 AS methods of smoothing the surface roughness 
and obtaining low Signal noise, there are known the method 
ofashing by oxygen etc. after exposure and development as 
described in Japanese Examined Patent Publication 
(Kokoku) No. 7-29386 and the method of treatment by 
ultraviolet rays as described in Patent Gazette No. 2506983, 
however the effects thereof are not sufficient. 

0062 Further, the stamper used in the above method of 
production has to be produced to a thickness of at least 0.25 
mm by high Speed electroplating, So uneven thickness of the 
inner and outer circumferences occurs particularly easily. 
Even when uneven thickness of the inner and Outer circum 
ferences of the plating film is Suppressed by providing a 
Shielding plate in the plating tank, there is uneven thickness 
of about 3 lim. In addition, Since innumerable granular 
projections inevitably form on the plating film Surface in the 
above electroplating, back polishing is essential, but 
Scratches caused by the abrasives in the polishing agent end 
up appearing as macro relief (waviness) on the disk Substrate 
formed due to the filling pressure at the time of injection 
molding. The residual discrepancy of the focus error caused 
by the above has become a disadvantage. 
0063 Optical disks are being increased in recording 
capacity by increasing the numerical aperture NA of the 
object lenses and reducing the track pitch. Along with the 
higher numerical aperture NA, the depth of focus of the disk 
and the lens becomes shallower, uneven thickneSS and slight 
roughness of the Surface of the disk Substrate and roughness 
of the relief Signal lead to an increase of focus error and 
cause Signal noise, entering in the Spot diameter of the 
reproduction light. The above disadvantages become par 
ticularly Serious in a large capacity disk Supporting a larger 
numerical aperture NA. 
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0064. Further, the stamper used in the above method of 
production is processed at its inner and outer circumferences 
by a Stamper press, lathe, etc. The circularity after the 
processing is about 1.5 um at best at the inner circumference. 
The disk substrate obtained by inserting the stamper into the 
mold assembly and injection molding ends up with an offset 
of the disk center hole and Signal portion of as much as about 
30 to 70 um with the addition of the clearance of the mold 
assembly etc. When the offset of the disk center hole and 
Signal portion becomes large in this way, the crosstalk 
characteristic ends up deteriorating. 

SUMMARY OF THE INVENTION 

0065. An object of the present invention is to provide a 
Stamper Suppressed in Surface roughness, uneven thickness, 
deviation of circularity in inner circumference, etc., a 
method of producing the Same, an optical recording medium 
produced by molding by using the Stamper, and a method of 
producing the Same. 
0.066 To attain the above object, according to a first 
aspect of the present invention, there is provided a Stamper 
for producing an optical recording medium used for trans 
ferring relief Shapes to a Surface of a medium Substrate of an 
optical recording medium. The Stamper comprises a base 
member, wherein one main Surface thereof is mirror pol 
ished and the mirror polished main Surface of the base 
member is formed with a relief pattern to be transferred to 
the medium Substrate. 

0067 Preferably, the base member comprises silicon. 
0068 Alternately, preferably, the base member comprises 
glass. 

0069 Preferably, the base member has a thickness of 0.4 
O OC. 

0070 More preferably, the main surface on an opposite 
side of the mirror polished main surface of the base member 
is a rough Surface. 
0071 Preferably, the relief shapes are a pattern of guide 
grooves for defining track regions of the optical recording 
medium. 

0.072 Alternately, preferably, the relief shapes are a pat 
tern of pits of the optical recording medium. 
0073. Since the stamper for producing an optical record 
ing medium of the first aspect of the present invention has 
one main Surface of a base member comprising Silicon, 
glass, etc. mirror polished and has the mirror polished main 
surface of the base member formed with a relief pattern to 
be transferred to a medium Substrate, Surface roughness, 
uneven thickness, deviation of circularity in inner circum 
ference, etc. are Suppressed. 
0.074. By using the stamper for production of an optical 
recording medium of the present invention, it is possible to 
produce an optical recording medium capable of reducing 
low frequency noise of a disk signal, reducing residual 
discrepancy of focus error, and improving the crosstalk 
characteristic. 

0075 According to a second aspect of the present inven 
tion, there is provided a method of producing a Stamper for 
producing an optical recording medium used for transferring 
reliefshapes to a Surface of a medium Substrate of the optical 

Oct. 6, 2005 

recording medium, including Steps of mirror polishing one 
main Surface of a base member; forming a resist film on the 
mirror polished main Surface of the base member; proceSS 
ing the resist film in a pattern corresponding to the relief 
shapes, and processing the mirror polished main Surface of 
the base member to the relief shapes by using the resist film 
as a mask. 

0076 Preferably, the base member comprises silicon. 
0077 Alternately, preferably, the base member comprises 
glass. 
0078 Preferably, the method further includes the step of 
grinding an inner circumference and an outer circumference 
of the base member using a grinding wheel rotating at a 
speed of at least 10,000 rpm. 
0079 More preferably, the method includes the step of 
grinding the circumferences using a plastic grinding wheel 
or a vitrified grinding wheel mixed with diamond powder in 
at least a finishing process of the Step of grinding the inner 
circumference and outer circumference of the base member. 

0080 Alternately, more preferably, the method includes 
the Step of placing a dummy plate made by the same material 
as the base member or a material having an equivalent 
hardneSS against at least the mirror polished main Surface 
and co-grinds the base member and the dummy plate in the 
Step of grinding the inner circumference and outer circum 
ference of the base member. 

0081. The step of processing the resist film in the pattern 
corresponding to the relief shapes preferably includes a step 
of exposing a pattern on the resist film by a drawing method 
using a focused electron beam and a step of developing the 
exposed resist film. 
0082 Alternately, preferably, the step of forming on the 
resist film the pattern corresponding to the relief shapes 
includes a step of exposing a pattern on the resist film by a 
drawing method using an ultraViolet ray laser and a step of 
developing the exposed resist film. 
0083 Preferably, the step of processing the mirror pol 
ished main Surface of the base member to the relief shapes 
using the resist film as a mask includes a step of dry etching 
using the resist film as a mask. 
0084. The method of producing a stamper for producing 
an optical recording medium of the present invention forms 
a resist film on a Smooth Surface of a base member com 
prising a Silicon Substrate Smoothed by polishing etc. The 
resist film is exposed by a focused electron beam, ultraViolet 
ray laser, etc. and developed to form a pattern corresponding 
to the relief shapes. Next, the Smooth surface of the base 
member is processed to the relief shapes by dry etching etc. 
using the resist film as a mask. 
0085. The method of producing a stamper for producing 
an optical recording medium of the present invention mirror 
polishes one main Surface of a base member comprising 
Silicon, glass, etc.; forms a resist film on the mirror polished 
main Surface of the base member, processes the resist film 
in a pattern corresponding to the relief Shapes, and processes 
the mirror polished main surface of the base member to the 
relief shapes using the resist film as a mask. As a result, it 
is possible to produce a Stamper Suppressed in Surface 
roughness, uneven thickness, deviation of circularity in 
inner circumference, etc. 
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0.086 Further, by using the above stamper for producing 
an optical recording medium, it is possible to produce an 
optical recording medium capable of reducing low fre 
quency noise of a disk Signal, reducing residual discrepancy 
of focus error, and improving the crosstalk characteristic. 
0.087 According to a third aspect of the present inven 
tion, there is provided an optical recording medium com 
prising a medium Substrate formed by injection molding 
using as a part of a mold assembly a Stamper for producing 
an optical recording medium having a base member one 
main Surface thereof being mirror polished and the mirror 
polished main Surface of the base member being formed 
with a pattern of relief shapes and thereby having the pattern 
of relief shapes transferred thereto, a film including at least 
an optical recording film formed on the relief shapes form 
ing Surface of the medium Substrate; and a protective film 
formed on the film including the optical recording film. 
0088 Preferably, the medium substrate is formed by 
injection molding using as a part of a mold assembly a 
Stamper for producing an optical recording medium having 
the base member comprising Silicon. 
0089 Alternately, preferably, the medium substrate is 
formed by using as a part of a mold assembly a Stamper for 
producing an optical recording medium having the base 
member comprising glass, Supplying and hardening at least 
an ultraViolet curing resin, and thereby transferring the relief 
shapes of the Stamper. 
0090 Preferably, the reliefshapes are defined by a pattern 
of guide grooves for defining track regions of the optical 
recording medium; and the optical recording film is a phase 
change type optical recording medium. 
0.091 Alternately, preferably, the reliefshapes are defined 
by a pattern of guide grooves for defining track regions of 
the optical recording medium; and the optical recording film 
is a magneto-optical recording medium. 
0092 Alternately, preferably, the reliefshapes are defined 
by a pattern of guide grooves for defining track regions of 
the optical recording medium; and the optical recording film 
comprises an organic pigment layer. 
0093. Alternately, preferably, the reliefshapes are defined 
by a pattern of pits of the optical recording medium; and the 
optical recording film is a reflection film. 
0094. According to a fourth aspect of the present inven 
tion, there is provided an optical recording medium com 
prising a medium Substrate formed by injection molding 
using as a part of a mold assembly a Stamper for producing 
an optical recording medium having a base member one 
main Surface thereof being mirror-polished and the mirror 
polished main Surface of the base member being formed 
with a pattern of relief shapes and thereby having the pattern 
of relief shapes transferred thereto; a multilayer film formed 
on the reliefshapes forming Surface of the medium Substrate 
and comprising a plurality of films including at least an 
optical recording film Stacked via a light transmitting layer; 
and a protective film for protecting the multilayer film. 
0.095 Since the optical recording medium has a medium 
Substrate formed by injection molding using as a part of a 
mold assembly a Stamper for producing an optical recording 
medium having one main Surface of its base member mirror 
polished and having the mirror polished main Surface of the 
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base member formed with a pattern of relief shapes and 
thereby having the pattern of relief shapes transferred to it 
and Since the Stamper is Suppressed in Surface roughness, 
uneven thickness, deviation of circularity in inner circum 
ference, etc., an optical recording medium having this 
medium Substrate is capable of reducing low frequency 
noise of a disk signal, reducing residual discrepancy of focus 
error, and improving the crosstalk characteristic. 
0096. It is possible to provide a single optical recording 
multilayer film or Stack a plurality of optical recording 
multilayer films via light transmitting layers 

0097 According to a fifth aspect of the present invention, 
there is provided a method of producing an optical recording 
medium having a medium Substrate having relief shapes 
transferred to a Surface thereof, including Steps of mirror 
polishing one main Surface of a base member; forming a 
resist film on the mirror polished main surface of the base 
member, processing the resist film in a pattern correspond 
ing to the relief shapes, processing the mirror polished main 
Surface of the base member to the relief shapes by using the 
resist film as a mask to form a Stamper having the relief 
shapes transferred to the base member; forming a medium 
Substrate having the relief shapes of the Stamper transferred 
thereto by injection molding using the Stamper as a part of 
a mold assembly; forming a film including at least an optical 
recording film on the relief shapes forming Surface of the 
medium Substrate; and forming a protective film on the film 
including the optical recording film. 

0098 Preferably, the base member comprises silicon. 
0099 Alternately, preferably, the base member comprises 
glass. 

0100 Preferably, in the step of forming a medium Sub 
Strate having the relief Shapes of the Stamper transferred 
thereto, the method holds an inner circumference and outer 
circumference of the Stamper by Suction at an inside Surface 
of the mold assembly or holds an entire main Surface of an 
opposite Side of the mirror polished main Surface of the 
Stamper by a holder provided at the inside Surface of the 
mold assembly So as to make the Stamper a part of the mold 
assembly. 

0101 According to a sixth aspect of the present inven 
tion, there is provided a method of producing an optical 
recording medium having a medium Substrate having relief 
shapes transferred to a Surface thereof, including Steps of 
mirror polishing one main Surface of a first base member; 
forming a first resist film on the mirror polished main Surface 
of the first base member, processing the first resist film in a 
pattern corresponding to a first relief shapes, processing the 
mirror polished main surface of the first base member to the 
first relief shapes by using the first resist film as a mask to 
form a first Stamper having the first relief shapes transferred 
to the first base member, mirror polishing one main Surface 
of a Second base member; forming a Second resist film on the 
mirror polished main Surface of the Second base member; 
processing the Second resist film in a pattern corresponding 
to a Second relief shapes, processing the mirror polished 
main Surface of the Second base member to the Second relief 
shapes by using the Second resist film as a mask to form a 
Second Stamper having the Second relief shapes transferred 
to the Second base member; forming a medium Substrate 
having first relief shapes of the first Stamper transferred 
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thereto by injection molding using the first Stamper as part 
of a mold assembly; forming a film including at least a first 
optical recording film on the first relief shapes forming 
Surface of the medium Substrate, Supplying an uncured resin 
on the film including the first optical recording film and 
curing the uncured resin while pressing the Second Stamper 
against the resin to form a light transmitting layer having 
Second relief shapes of the Second Stamper transferred 
thereto; forming a film including at least a Second optical 
recording film on the Second reliefshapes forming Surface of 
the light transmitting layer, and forming a protective film on 
the film including the Second optical recording film. 
0102 Preferably, the method includes the step of using an 
ultraViolet curing resin as the uncured resin for forming the 
light transmitting layer, and in the Step of forming the light 
transmitting layer, irradiates the uncured resin in a Space 
between the film including the first optical recording film of 
the medium Substrate and the Second Stamper with ultravio 
let rays from an outer circumference Side or an inner 
circumference Side of the Second Stamper So as to cure the 
uncured resin. 

0103). According to a seventh aspect of the present inven 
tion, there is provided a method of producing an optical 
recording medium having a medium Substrate having relief 
shapes transferred to a Surface thereof, including Steps of 
mirror polishing one main Surface of a first base member; 
forming a first resist film on the mirror polished main Surface 
of the first base member, processing the first resist film in a 
pattern corresponding to a first relief shapes; processing the 
mirror polished main surface of the first base member to the 
first relief shapes by using the first resist film as a mask to 
form a first Stamper having the first relief shapes transferred 
to the first base member, mirror polishing one main Surface 
of a Second base member; forming a Second resist film on the 
mirror polished main Surface of the Second base member; 
processing the Second resist film in a pattern corresponding 
to a Second relief shapes, processing the mirror polished 
main Surface of the Second base member to the Second relief 
shapes by using the Second resist film as a mask to form a 
Second Stamper having the Second relief shapes transferred 
to the Second base member, mirror polishing one main 
Surface of a third base member; forming a third resist film on 
the mirror polished main surface of the third base member; 
processing the third resist film in a pattern corresponding to 
a third relief shapes, processing the mirror polished main 
surface of the third base member to the third relief shapes by 
using the third resist film as a mask to form a third Stamper 
having the third relief shapes transferred to the third base 
member; forming a medium Substrate having the first relief 
shapes of the first Stamper transferred thereto by injection 
molding using the first Stamper as part of a mold assembly; 
forming a film including at least a first optical recording film 
on the first relief shapes forming Surface of the medium 
Substrate; Supplying an uncured resin between the Second 
Stamper and the third Stamper and curing the uncured resin 
while pressing the Second Stamper and the third Stamper 
against the resin to form a light transmitting layer having the 
Second relief shapes of the Second Stamper and the third 
relief shapes of the third stamper transferred thereto; form 
ing a film including at least a Second optical recording film 
on the Second relief shapes forming Surface of the light 
transmitting layer, bonding together the film including the 
Second optical recording film and the film including the first 
optical recording film; forming a film including at least a 
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third optical recording film on the third reliefshapes forming 
Surface of the light transmitting layer; and forming a pro 
tective-film on the film including the third optical recording 
film. 

0104 Preferably, the method includes the step of using an 
ultraViolet curing resin as the uncured resin for forming the 
light transmitting layer, and in the Step of forming the light 
transmitting layer, irradiating the uncured resin in a Space 
between the Second Stamper and the third Stamper with 
ultraViolet rays from an Outer circumference Side or an inner 
circumference Side of the Second Stamper or the third 
Stamper So as to cure the uncured resin. 
0105 The method of producing an optical recording 
medium of the present invention mirror polishes one main 
Surface of a base member, forms a resist film on the mirror 
polished main Surface of the base member, processes the 
resist film in a pattern corresponding to relief shapes, and 
processes the mirror polished main Surface of the base 
member to the relief shapes using the resist film as a mask 
to obtain a Stamper having the reliefshapes transferred to the 
base member. 

0106 The above stamper may be used for injection 
molding to form a medium Substrate having the reliefshapes 
transferred to it. The Stamper produced in the above way is 
Suppressed in Surface roughness, uneven thickness, devia 
tion of circularity in inner circumference, etc., thus an 
optical recording medium capable of reducing low fre 
quency noise of a disk signal, reducing residual discrepancy 
of focus error, and improving the croSStalk characteristic can 
be produced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0107 These and other objects and features of the present 
invention will become clearer from the following descrip 
tion of the preferred embodiments given with reference to 
the attached drawings, in which: 
0.108 FIG. 1 is a schematic cross-sectional view of an 
optical disk according to an example of the related art; 
0109 FIG. 2A is a schematic view of the configuration 
of a cutting apparatus (exposure apparatus), while FIG. 2B 
is a perspective view of principal portions thereof; 

0110 FIG. 3A and FIG. 3B are cross-sectional views of 
Steps of a method of producing an optical disk according to 
an example of the related art, wherein FIG. 3A shows the 
state up to the step of producing a resist disk and FIG. 3B 
shows the State up to the Step of patterning a resist film; 
0111 FIG. 4A and FIG. 4B are cross-sectional views of 
steps continuing from FIG. 3B, wherein FIG. 4A shows the 
state up to the step of forming a stamper and FIG. 4B shows 
the State up to removal of a Stamper from a mold assembly; 
0112 FIG. 5A is a schematic view and FIG. 5B-is a 
croSS-Sectional view of an injection molding Step continuing 
from FIG. 4B; 

0113 FIG. 6A, FIG. 6B, and FIG. 6C are cross-sec 
tional views of steps continuing from FIG. 5B, wherein 
FIG. 6A shows the state up to the step of forming a disk 
substrate, FIG. 6B shows the state up to the step of forming 
an optical recording film, and FIG. 6C shows the state up to 
the Step of forming a protective film; 
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0114 FIG. 7A is a schematic perspective view of a state 
of irradiating an optical disk according to the first embodi 
ment of the present invention with light, FIG. 7B is a 
schematic cross-sectional view, and FIG. 7C is an enlarged 
croSS-Sectional view of principal parts of the Schematic 
cross-sectional view in FIG. 7B; 
0115 FIG. 8 is a schematic view of the configuration of 
an electron beam drawing System; 
0116 FIG. 9 is a cross-sectional view of steps of a 
method of production of an optical disk according to the first 
embodiment of the present invention; 
0117 FIG. 10A is a schematic view and FIG. 10B is a 
croSS-Sectional view of an injection molding Step continuing 
from FIG. 9; 

0118 FIG. 11 is a cross-sectional view of a step con 
tinuing from FIG. 10; 
0119 FIG. 12A and FIG. 12B are schematic cross 
Sectional views of an optical disk according to a Second 
embodiment; 
0120 FIG. 13 is a schematic view of the configuration of 
a press machine used in the present invention; 
0121 FIG. 14 is a cross-sectional view of steps of a 
method of production of an optical disk according to the 
Second embodiment; 

0122 FIG. 15A and FIG. 15B are schematic cross 
Sectional views of an optical disk of a third embodiment; 
0123 FIG. 16A to FIG.16C are cross-sectional views of 
Steps of a method of production of an optical disk according 
to a third embodiment of the present invention; 
0124 FIG.17A to FIG. 17C are cross-sectional views of 
steps continuing from FIG. 16C; 
0125 FIG. 18 is a view of results of a noise level 
measured in Example 1; and 
0126 FIG. 19A and FIG. 19B are views of results of a 
tracking error Signal and a focus error Signal measured in 
Example 5. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0127 Below, preferred embodiments will be described 
with reference to the accompanying drawings. 
0128. The embodiments relate to an optical disk used as 
an optical recording medium, a method of producing the 
Same, a Stamper for producing an optical recording medium 
used in a process of producing the optical recording 
medium, and a method of producing the Same. 

First Embodiment 

0129 FIG. 7A is a schematic perspective view of a 
condition of irradiating an optical disk according to the 
present invention with light. 
0130. An optical disk DC is substantially shaped as a disk 
with a center hole CH formed at its center and is driven to 
rotate in a drive direction DR. 

0131 When recording or reproducing information, a 
laser light of a blue to bluish violet color region or other light 
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LT is focused on an optical recording multilayer film in the 
optical disk DC by an object lens OL having a numerical 
aperture of for example 0.8 or more. 

0132 FIG. 7B is a schematic cross-sectional view, while 
FIG. 7C is an enlarged cross-sectional view of principal 
portions of the schematic cross-sectional view in FIG. 7B. 
0133) One surface of a disk substrate 12 having a thick 
neSS of about 1.1 mm and comprising polycarbonate, is 
provided with projecting regions 12a and recessed regions 
12b defining track regions. That surface is further formed 
with an optical recording multilayer film 13 comprising for 
example a reflection film, a dielectric film, a recording film, 
another dielectric film, etc. Stacked in that order. The con 
figuration and the number of layers of the optical recording 
multilayer film 13 differ in accordance with the type of 
recording material and design. 
0134) The recording film includes for example a phase 
change type recording film, magneto-optical recording film, 
or organic pigment-containing recording film. 
0.135 Further, a light transmitting protective film 14 
having a thickness of 0.1 mm is formed on the optical 
recording multilayer film 13. 

0.136 When recording or reproducing information on or 
from the above optical disk, the object lens OL focuses a 
laser light or other light LT on the optical recording multi 
layer film 13 from the protective film 14 side. 

0.137 At the time of reproducing information from the 
optical disk, a light receiving element receives the return 
light reflected at the optical recording multilayer film 13, and 
a signal processing circuit generates a predetermined signal 
to give a reproduction signal. 

0.138. In the above optical disk, the optical recording 
multilayer film 13 also has relief shapes corresponding to the 
projecting regions 12a and recessed regions 12b provided on 
the one Surface of the disk Substrate 12. The projecting 
regions 12a and recessed regions 12b define the track 
regions. 

0.139. The projecting regions 12a are referred as “lands', 
which are projecting to the protective film 14 side when 
viewed from the disk Substrate 12 side, while recessed 
regions 12b are referred as "grooves”. 

0140. It is possible to record information both at the lands 
and the grooves or use only one of the lands and grooves as 
recording regions. 

0.141. Here, the groove pitch is for example about 200 
nm, and the widths of the lands and grooves are for example 
about 100 nm (80 to 120 nm). 
0.142 Further, by forming pits having lengths corre 
sponding to the recorded data as the relief shapes of the disk 
Substrate 12 and by using an aluminum film or other 
reflection film as an optical recording film, it is possible to 
obtain a read only (ROM) type optical disk. 
0.143 A method of producing the above optical disk will 
be explained next. 

014.4 FIG. 8 is a schematic view of the configuration of 
an electron beam drawing System used in the method of 
production of an optical disk of the present embodiment. 
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0145 An electron gun EG, a condensing lens CL, a beam 
modulator (blanking portion) BM, an aperture AP, a beam 
deflector BD, a focus lens FL, and an object lens OL are 
arranged at predetermined positions in an electron beam 
column EBC. 

0146 The object of exposure by the electron beam, that 
is, a resist disk RD comprising a silicon Substrate 10 formed 
with a resist film R, is arranged on an air slide AS near an 
electron beam emission hole of the electron beam column 
EBC and is chucked on a spindle rotated at a high Speed by 
a spindle motor. 
0147 The entire electron bean drawing system is placed 
on a vibration isolation table TB. 

0.148. The electron gun EG is for example a thermoelec 
tric field emission type electron gun giving an electron beam 
having a high luminance. An electron beam emitted from the 
electron gun EG and accelerated is Subjected to high Speed 
blanking (on/off control) by the beam modulator BM in the 
electron beam column EBC held at a vacuum and is con 
densed and focused by the condensing lens CL and object 
lens OL comprising electromagnetic lenses etc. on the 
Surface of the silicon Substrate 10 formed with the resist film 
R (resist disk RD). 
014.9 For example, a diameter of the focused electron 
beam is set to about 80 nm which is half the width of the 
Gaussian distribution, while a probe current is set to 150 na. 
0150. It is possible to expose a spiral pattern by firing the 
electron beam while driving the high Speed rotating resist 
disk RD in the radial direction of the resist disk RD. 

0151. As a resist film, for example, a positive chemical 
amplification type resist, acrylic resin type resist for electron 
beam use, etc. can be used. 

0152 The exposed resist disk is developed by an alkali 
Solution or an exclusive developing Solution to a pattern 
wherein portions irradiated by the electron beam are dis 
Solved away in the case of a positive type resist. 
0153. By suitably setting conditions of exposure and 
development, a pattern having a pitch of about 200 nm and 
a line width of 80 nm equal to the electron beam diameter 
can be formed. 

0154) The electron beam drawing system may be used to 
produce a Stamper and this may be used to produce an 
optical disk as follows: 

0155) First, as shown in FIG. 9A, a resist disk RD 
comprising a silicon substrate 10 formed with a resist film R 
is prepared. 

0156. As the silicon substrate 10, for example a wafer 
having a diameter of 200 mm, a thickness of 725 um, and a 
mirror polished Surface is used. A Silicon Substrate 10 having 
a flatness of a grade of for example about 1 um in terms of 
the total thickness variation (TTV) value is used. 
0157. The other surface of the silicon substrate 10 is for 
example made rough like as a pebbled Surface by a chemical 
or physical method. 
0158 Alternately, it is possible to use a resist disk RD 
comprising a glass Substrate mirror polished on one Surface 
and formed with a resist. 
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0159 Further, the resist film R is formed using for 
example a positive type chemical amplitude type resist or 
acrylic resin type exclusive resist for electron beam uni 
formly to a thickness of about 100 nm by spin coating or 
other. 

0160 Next, the electron beam drawing system shown in 
FIG. 8 is used to expose the resist film R by a pattern 
photosensitizing regions for forming projecting regions 
(lands) of the disk Substrate or regions for forming pits on 
the disk substrate. This is developed by an exclusive devel 
oping Solution to obtain a pattern of the resist film R1 
opened at regions for forming the projecting regions of the 
disk Substrate (lands) or regions for forming the pits as 
shown in FIG. 9B. 

0.161. By using the electron beam drawing system, the 
pattern of the resist film R1 may be made a spiral pattern 
having a pitch of about 200 nm and a width remaining as a 
resist film R1 and opening width of about. 100 nm (80 to 120 
nm) or an equally fine pit pattern. 
0162 Next, as shown in FIG. 9C, dry etching etc. is 
performed by using the resist film R1 as a mask to transfer 
the pattern of the resist film R1 to the silicon Substrate 10, 
so that the side walls become substantially vertical. As the 
etching gas at this time, for example a chloride-based gas 
(C1, etc.) is used. Ions of the etching gas generated in plasma 
Strike the Surface of the resist disk perpendicularly for 
etching in the so-called reactive ion etching (RIE) mode. 
0163 As a result, the surface of the silicon Substrate 10 
is formed with relief Shapes comprising recessed regions 
10b and projecting regions 10a between each two recessed 
regions 10b. It is a pattern of for example recessed regions 
lob having a depth of 70 nm and a line width of 80 nm. 
0164. Next, the remaining resist film R1 is removed by 
OXygen plasma ashing etc. 
0.165 Due to the above, a stamper ST having the silicon 
Substrate 10 or a glass Substrate as its base member can be 
produced. 
0166 Next, a three-dimensional fine processing system is 
used to process the silicon Substrate 10 to the shape of the 
inner and Outer circumference of the disk. 

0.167 At this time, the Surface formed with the relief 
shapes is formed with a not shown thin protective film to 
protect it against Scratches and dirt and to facilitate peeling 
at the time of molding the disk. 
0168 Next, a dummy plate of the same material as the 
Silicon Substrate 10 or a material having equal hardneSS is 
placed against on the relief shapes forming Surface to 
prevent the processed end faces from being damaged or 
more preferably the silicon Substrate 10 is sandwiched 
between two dummy plates, and the silicon substrate 10 and 
the dummy plates are co-ground in that State to shape the 
inner and Outer circumferences. 

0169. In the case of using a glass substrate, a dummy 
plate of glass material or a material having equal hardneSS is 
used to perform like above. 
0170 In the shaping of the inner and outer circumference 
Shaping by the above three-dimensional fine processing 
System, a plastic grinding wheel or a vitrified grinding wheel 
mixed with diamond powder is used to grind the circum 
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ferences while rotating at a speed of 10,000 rpm or more at 
least in the final finishing process. Due to this, damage to the 
processed end faces can be kept to a minimum. 

0171 Next, as shown in FIG. 10A, the obtained stamper 
ST having the silicon substrate 10 as a base member is fixed 
in a cavity comprising the upper and lower molds MD1 and 
MD2 to form a mold assembly for injection molding. 

0172 At this time, the stamper ST is arranged so that its 
relief shapes forming surface 10' faces the inside of the 
cavity. 

0173 Here, the stamper ST is fixed inside the cavity 
formed by the molds MD1 and MD2 by holding the inner 
circumference and outer circumference of the Stamper ST by 
Suction on the inner Surface of the cavity. Alternately, the 
entire main Surface on the opposite side of the mirror 
polished main surface of the stamper ST as a whole is held 
by Suction holes, grooves, or other holding mechanisms 
provided at a Stamper mounting top plate at the inner Surface 
of the cavity. 

0.174. By injecting into the cavity of the above injection 
molding mold assembly a polycarbonate, an amorphous 
polyolefin, or other resin 12' in the molten state from a 
charging port PT of the mold assembly, a disk substrate 12 
is formed on the relief pattern of the stamper ST as shown 
in FIG 10B. 

0175. Here, the surface of the disk substrate 12 is formed 
with projecting regions 12a by transfer of an inverse pattern 
of relief Shapes from the recessed regions lob on the Surface 
of the stamper ST, while is formed with recessed regions 12b 
by transfer of an inverse pattern of relief shapes from the 
projecting regions 10a of the Stamper ST. 

0176 By removing the substrate from the above injection 
molding mold assembly, a disk substrate 12 formed with the 
projecting regions 12a and recessed regions 12b for forming 
a groove pattern or pit pattern as shown in FIG. 11A is 
obtained. 

0177 Next, as shown in FIG. 11B, the surface of the disk 
Substrate 12 is Swept with air, nitrogen gas, or another gas 
to remove dust, then is Successively formed with a reflection 
film, a dielectric film, a recording film, and another dielectric 
film in that order by, for example, Sputtering, to form the 
optical recording multilayer film 13. 

0.178 As the above recording film, for example, a phase 
change type optical recording film, magneto-optic recording 
film, or organic pigment-containing recording film can be 
used. 

0179 Alternately, in the case of a ROM type optical disk, 
the optical recording film is formed by an aluminum film or 
other reflection film. 

0180. Next, as shown in FIG. 11C, an ultraviolet curing 
resin etc. is coated on the optical recording multilayer film 
13 and cured to form a light transmitting protective film 14. 
Alternately, it is possible to bond a film for use as the 
protective film by an adhesive layer to obtain the protective 
film. 

0181. Due to the above, an optical disk having the 
structure shown in FIG. 7A to FIG. 7C can be produced. 
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0182. In the above method of producing an optical disk of 
the present embodiment, the Silicon Substrate used as a 
Stamper has high rigidity and durability, So is Suitable as a 
Stamper material. 
0183 The stamper according to the present embodiment 
is a Stamper having one main Surface of the base member 
made by Silicon, glass, etc. mirror polished, having the 
mirror polished main surface of the base member formed 
with a relief pattern to be transferred to the disk substrate, 
and Suppressed in Surface roughness, uneven thickness, and 
deviation of circularity in inner circumference. 
0.184 Further, the optical disk according to the present 
embodiment produced by the Stamper is capable of reducing 
low frequency noise of a disk signal and reducing residual 
discrepancy of focus error and is able to be produced by 
using a Stamper having almost no damage at processed end 
faces, excellent circularity in processing, and Small offset, So 
there is leSS offset of tracks and the crosstalk characteristic 
can be improved. 
0185. As a result, mass production of high density optical 
disks capable of Supporting larger recording capacities 
becomes possible. 
0186 Further, in the method of production according to 
the present embodiment, electroplating, which used to 
require a long time, becomes unnecessary for preparing a 
Stamper and, furthermore, treatment of the plating waste 
Solution becomes unnecessary. 

Second Embodiment 

0187 FIG. 12A is a schematic cross-sectional view of an 
optical disk of a Second embodiment. 
0188 One surface of a disk substrate 20 having a thick 
neSS of about 1.1 mm and comprising polycarbonate is 
formed with projecting regions and recessed regions defin 
ing track regions. For example, a reflection film, a dielectric 
film, a recording film, another dielectric film, etc. are 
Stacked in this order on this Surface to form a first optical 
recording multilayer film 21. The configuration and number 
of layers of the first optical recording multilayer film 21 
differ according to the type of the recording material and 
design. The above recording film includes for example a 
phase change type recording film, a magneto-optical record 
ing film, and an organic pigment-containing recording film. 
0189 Further, over the first optical recording multilayer 
film 21 a Second optical recording multilayer film 24 is 
formed via a light transmitting layer 22 comprising an 
ultraViolet curing resin etc. The Second optical recording 
multilayer film 24 has a similar layer configuration as the 
first optical recording multilayer film 21 and has relief 
shapes defining track regions. 
0190. Over the second optical recording multilayer film 
24 a light transmitting protective film 25 having a thickneSS 
of 0.1 mm and made by an ultraViolet curing resin etc is 
formed. 

0191) Further, as shown in FIG. 12B, the light transmit 
ting protective film 25 may be configured by bonding a film 
for use as the protective film 25fusing an adhesive layer 25a. 
0.192 When recording or reproducing information on or 
from the above optical disk, in the same way as in the optical 
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disk of the first embodiment, a laser light or other light is 
focused by an object lens on the first optical recording 
multilayer film 21 or Second optical recording multilayer 
film 24 from the protective film 25 side. 
0193 At this time, by focusing it on either the first optical 
recording multilayer film 21 or Second optical recording 
multilayer film 24, information is recorded or reproduced 
Selectively on or from either the first optical recording 
multilayer film 21 or Second optical recording multilayer 
film 24. 

0194 Here, the reflectance of the first optical recording 
multilayer film 21 is for example about 80 to 90%, at least 
the Second optical recording multilayer film 24 is translucent 
(for example, has a reflectance of about 15 to 30%), and light 
is passed through the Second optical recording multilayer 
film 24 when irradiating the first optical recording multilayer 
film 21. 

0.195 At the time of reproducing information from the 
optical disk, a light receiving element receives return light 
reflected at the first or Second optical recording multilayer 
film, and a signal processing Signal generates a predeter 
mined signal to give a reproduction Signal. 

0196) Next, a press machine for forming a light trans 
mitting layer having relief Shapes transferred to its Surface 
and used in a method of producing an optical disk of the 
present embodiment will be explained. 

0197 FIG. 13 is a schematic view of the configuration of 
the above press machine. 
0198 The press machine comprises an ultraviolet ray 
guide path 90, a press top platen 91, an upper mold 92, a 
reflection mirror 93, a lower mold 97, a press bottom platen 
98, and a hydraulic ram 99. A cavity is formed by the upper 
mold 92 and the lower mold 97. 

0199. In this cavity, a disk substrate 96 produced by the 
Same Steps as in the method of production explained in the 
first embodiment and formed in advance with a first optical 
recording multilayer film (not shown) is fixed to the lower 
mold 97 by Suction holding etc. while positioning it by 
centering pins etc. So that the Signal Surface faces the inside 
of the cavity. 
0200. On the other hand, a glass stamper 94 produced by 
the same Steps as in the method of production explained in 
the first embodiment is fixed to the upper mold 92 by suction 
while positioning it by centering pins etc. So that the Signal 
Surface faces the inside of the cavity. 
0201 An ultraviolet curing resin 95 is supplied to the 
space between the disk Substrate 96 and the glass stamper 94 
by a dispenser etc. 

0202) The press bottom platen 98 is driven to move 
vertically in the figure by the hydraulic ram 99 or an air 
cylinder able to be controlled in position by a linear encoder, 
can be set in pressing Speed by two or more levels at any Set 
position in the pressing process, and operates together with 
an irradiation Switch of an external ultraViolet ray apparatus 
UV at a specific pressing position. 

0203 Ultraviolet rays of a high pressure mercury vapor 
lamp having a wavelength of 230 to 450 nm high in curing 
efficiency of an ultraViolet curing resin are emitted from the 
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ultraViolet ray apparatus UV and guided to the upper mold 
92 by the ultraviolet ray guide path 90 formed by an optical 
fiber etc. 

0204. Here, the upper mold 92 and the centering pins 
provided in the upper mold 92 are structured so that the 
ultraViolet rays guided from the outside are irradiated from 
the center hole to an inner circumferential portion of the 
cavity via the reflection mirror 93 inside the centering pins. 
Further, an outer circumferential portion is Similarly Struc 
tured. Due to this structure, the ultraViolet rays guided from 
the outside can Strike the glass Stamper 94 from the inner 
circumferential portion and the Outer circumferential portion 
in the state with mold assembly closed. 
0205. In the press machine having the mold assembly of 
the above Structure, when for example the ultraViolet curing 
resin layer becomes a desired thickness of for example about 
20 to 40 um, namely, when the upper and lower molds reach 
positions corresponding to the above thickness, the ultra 
violet rays start to be irradiated. The irradiation time can be 
Set by a timer. 
0206. Using the press configured as above, the ultraviolet 
curing resin having a desired thickness can be cured to form 
a light transmitting layer in the Space between the disk 
substrate 96 and the glass stamper 94. 
0207 Next, a method of producing an optical disk 
according to the present embodiment will be explained. 

0208 First, in the same way as in the method explained 
in the first embodiment, a disk substrate 20 having a relief 
pattern on its Surface is formed by using a Stamper formed 
from a base member having a mirror polished Surface, and 
a first optical recording multilayer film 21 is formed above 
it. 

0209 Next, as shown in FIG. 14A, an ultraviolet curing 
resin 22a is Supplied on the first optical recording multilayer 
film 21 in the upper and lower molds of the above press 
machine. A glass Stamper 23 having a relief pattern for the 
Second optical recording multilayer film formed in the same 
way as in the method explained in the first embodiment is 
arranged above it. 
0210. Next, as shown in FIG. 14B, ultraviolet rays are 
irradiated in the upper and lower molds of the above press 
machine at the point of time to cure the ultraViolet curing 
resin 22a when the layer of the ultraViolet curing resin 
becomes the desired thickness and thereby obtain the light 
transmitting layer 22. 

0211 Next, as shown in FIG. 14C, the light transmitting 
layer 22 and the glass Stamper 23 are Separated at their 
interface whereby the Second optical recording multilayer 
film 24 is formed on the relief pattern transferred from the 
glass Stamper 23 of the light transmitting layer 22. 
0212 Next, a light transmitting protective film 25 having 
a thickness of 0.1 mm comprising an ultraViolet curing resin 
etc. is formed over the Second optical recording multilayer 
film 24 or a film for use as the protective film 25f is bonded 
by an adhesive layer 25a to form the optical disk having the 
configuration shown in FIG. 12A and FIG. 12B. 
0213. In the method of production of the optical disk of 
the present embodiment, the Stamper used for forming the 
disk Substrate or the light transmitting layer is a Stamper 
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having a base member comprising transmitting light glass 
etc. and mirror polished on one main Surface, having the 
mirror polished main surface of the base member formed 
with a relief pattern to be transferred to the disk substrate or 
other, and Suppressing Surface roughness, uneven thickness, 
deviation of circularity in inner circumference, etc. 
0214) Further, the optical disk according to the present 
embodiment produced by using the above Stamper is capable 
of reducing low frequency noise of a disk signal, reducing 
residual discrepancy of focus error, and improving the 
crosstalk characteristic. 

Third Embodiment 

0215 FIG. 15A is a schematic cross-sectional view of an 
optical disk according to a third embodiment. 

0216. One surface of a disk substrate 34 having a thick 
neSS of about 1.1 mm comprising polycarbonate etc. is 
provided with projecting regions and recessed regions defin 
ing track regions. For example, a reflection film, a dielectric 
film, a recording film, another dielectric film, etc. are 
Stacked in that order on this Surface to form a first optical 
recording multilayer film 35. The configuration and number 
of layers of the first optical recording multilayer film 35 
differ according to the type of recording material and design. 
The above recording film includes for example a phase 
change type recording film, a magneto-optical recording 
film, an organic pigment-containing recording film. 

0217 Further, over the first optical recording multilayer 
film 35 a second optical recording multilayer film 33 is 
formed via a light transmitting layer 36 comprising an 
ultraViolet curing resin etc. The Second optical recording 
multilayer film 33 has the same layer configuration as the 
first optical recording multilayer film 35 and has relief 
shapes defining track regions. 

0218. Further, over the second optical recording multi 
layer film 33 a third optical recording multilayer film 37 is 
formed via a light transmitting layer 31 comprising an 
ultraViolet curing resin etc. The third optical recording 
multilayer film 37 has the same layer configuration as the 
first optical recording multilayer film 35 and has relief 
shapes defining track regions. 

0219. Over the third optical recording multilayer film 37 
a light transmitting protective film 38 having a thickness of 
0.1 mm comprising an ultraViolet curing resin etc is formed. 

0220) Further, as shown in FIG. 15B, the light transmit 
ting protective film 38 may be configured by bonding a film 
for use as the protective film 38f by an adhesive layer 38a. 
0221) When recording or reproducing information on or 
from the above optical disk, in the same way as in the optical 
disk of the first embodiment, a laser light or other light is 
focused from an object lens to the first optical recording 
multilayer film 35, second optical recording multilayer film 
33, or third optical recording multilayer film 37 from the 
protective film 38 side. 

0222. At this time, by focusing it on either of the first 
optical recording multilayer film 35, Second optical record 
ing multilayer film 33, or third optical recording multilayer 
film 37, recording or reproducing is Selectively performed 
on or from any one of them. 
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0223 Here, the reflectance of the first optical recording 
multilayer film 35 is for example about 80 to 90%, while the 
Second optical recording multilayer film 33 and third optical 
recording multilayer film 37 are translucent (for example, 
the Second optical recording multilayer film 33 has a reflec 
tance of about 30%, and the third optical recording multi 
layer film 37 has a reflectance of about 15%). The nearer the 
layer to the light transmitting protective film, the lower the 
reflectance. When focusing light on the first optical record 
ing multilayer film 35, the light is passed through the Second 
optical recording multilayer film 33 and third optical record 
ing multilayer film 37. When focusing light on the second 
optical recording multilayer film 33, the light is passed 
through the third optical recording multilayer film 37. 

0224. At the time of reproducing information from the 
optical disk, a light receiving element receives the return 
light reflected at the first, Second, or third optical recording 
multilayer film, and a Signal processing circuit generates a 
predetermined signal to give a reproduction Signal. 

0225. Next, a method of producing an optical disk 
according to the present embodiment will be explained. 
0226 First, as shown in FIG.16A, in the upper and lower 
molds of the press machine explained in the Second embodi 
ment, a Stamper 30 having a relief pattern for the Second 
optical recording multilayer film is arranged in the lower 
mold, an ultraViolet curing resin 31a is Supplied over the 
Stamper 30, and a glass Stamper 32 having a relief pattern for 
the third optical recording multilayer film is arranged in the 
upper mold. AS the Stamper 30 and the glass Stamper 32, 
ones produced in the same way as explained in the first 
embodiment are used. 

0227 Next, as shown in FIG. 16B, ultraviolet rays are 
irradiated in the upper and lower molds of the above press 
to cure the ultraViolet curing resin 31a at the point of time 
when the layer of the ultraviolet curing resin 31a becomes 
the desired thickness to obtain the light transmitting layer 
31. 

0228 Next, as shown in FIG.16C, the light transmitting 
layer 31 and the stamper 30 are separated at their interface 
whereby the second optical recording multilayer film 33 is 
formed on the relief pattern transferred from the stamper 30. 
0229. Next, by another step, in the same way as in the 
method explained in the first embodiment, a Stamper formed 
from a base member comprising Silicon and having a mirror 
polished Surface is used to form a disk Substrate 34 having 
a relief pattern on its Surface and form the first optical 
recording multilayer film 35 above it. 

0230. Next, as shown in FIG. 17A, in the upper and 
lower molds of the preSS machine explained in the Second 
embodiment, a disk substrate 34 formed with the first optical 
recording multilayer film 35 is arranged in the lower mold, 
an ultraViolet curing resin 36a is Supplied on the first optical 
recording multilayer film 35, and a glass Stamper 32 formed 
with the above light transmitting layer 31 and Second optical 
recording multilayer film 33 is arranged in the upper mold. 

0231. Next, ultraviolet rays are irradiated in the upper and 
lower molds of the above press to cure the ultraViolet curing 
resin 36a at the point of time when the layer of the ultraviolet 
curing resin 36a becomes the desired thickness to obtain the 
light transmitting layer 36. 
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0232 Next, as shown in FIG. 17B, the light transmitting 
layer 31 and the glass Stamper 32 are Separated at their 
interface whereby the third optical recording multilayer film 
37 is formed on the relief pattern transferred from the glass 
Stamper 32 of the light transmitting layer 31 as shown in 
FIG. 17C. 

0233. Next, a light transmitting protective film 38 having 
a thickness of 0.1 mm comprising an ultraViolet curing resin 
etc. is formed over the third optical recording multilayer film 
37 or a film for use as the protective film 38f is bonded by 
an adhesive layer 38a to form the optical disk having the 
configuration shown in FIG: 15A and FIG. 15B. 

0234. In the method of production of the optical disk of 
the present embodiment, the Stamper used for forming the 
disk Substrate or the light transmitting layer is a Stamper 
having a base member comprising glass etc. and mirror 
polished on one main Surface, having the mirror polished 
main surface of the base member formed with a relief pattern 
to be transferred to the disk Substrate or other, and SuppreSS 
ing Surface roughness, uneven thickness, deviation of cir 
cularity in inner circumference, etc. 

0235 Further, the optical disk according to the present 
embodiment produced by using the above Stamper is capable 
of reducing low frequency noise of a disk signal, reducing 
residual discrepancy of focus error, and improving the 
crosstalk characteristic. 

EXAMPLE 1. 

0236 A silicon Substrate having a diameter of 200 mm, 
a thickness of 0.67 mm, and a mirror polished Surface was 
used to prepare a Stamper of a Silicon Substrate in accordance 
with the first embodiment. 

0237 Namely, a resist film (TSMR-V50 produced by 
Tokyo Ohka Kogyo Co., Ltd.) was formed on the silicon 
Substrate to a thickness of 45 nm by Spin coating, dried, 
exposed by laser at regions for forming grooves, developed 
by an inorganic alkali developing Solution (DE-4 produced 
by Tokyo Ohka Kogyo Co., Ltd.) for 15 to 30 seconds, and 
removed at not exposed portions. 

0238 Next, reactive ion etching (RIE) was performed 
using the above resist film as a mask to form grooves having 
a depth of 40 nm, then the resist film was removed to thereby 
obtain a Silicon Stamper. 

0239 Here, the reactive ion etching (RIE) was performed 
under conditions of an RF power of 200 W, an etching gas 
of CF, a pressure of 1 Pa, a gas flow rate of 50 Scom, and 
a silicon Substrate temperature of 20 C. at an etching speed 
of 20 mm/min for 2 minutes. 

0240 The signal surface of the obtained silicon Substrate 
was coated with a protective film material (Clean Coat S 
made by Fine Chemical Japan Co., Ltd.) This was dried to 
form a protective film. A double column structure three 
dimensional fine processor and diamond-containing plastic 
grinding wheel (Diamond Resin or, when also used for 
rough grinding, Vitrified Diamond S type made by FSK Co., 
Ltd.) were used to grind the inner and outer circumferential 
shapes by helical grinding. The grinding was performed by 
a total of four Step B: rough grinding I, rough grinding II, 
finishing I, and finishing II. The conditions of the-configu 
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rations (spindle speed, XY-axial movement, Z-axial move 
ment, and cutting feed) were as shown in Table 1. 

TABLE 1. 

Rough Rough Finishing 
grinding I grinding II Finishing I I 

Spindle 20,000 25,000 30,000 30,000 
speed 
(rpm) 
XY-axial Cut off O1 O.O2 O.OOS 
Owenent 

(mm) 
Z-axial O.O2 2.9 2.9 2.O 
Owenent 

(mm) 
Cutting 2OO 2O 1O.O 4.0 
feed 
(mm/min) 

0241 The obtained silicon Substrate stamper was inserted 
into an injection molding mold assembly of an injection 
molding machine having a maximum clamping force of 30 
tons and a disk SubStrate having a diameter of 120 mm and 
a thickness of 1.2 mm was formed by an amorphous 
polyolefin resin (ZEONOR 1600 made by Nippon Zeon Co., 
Ltd.) 
0242. The conditions of the injection molding step were 
an average injection Speed of 150 mm/sec, a maximum 
clamping force of 15 tons, a resin melting temperature of 
370 C., a mold assembly temperature of 130 C., and a 
cooling time of 14 Seconds. 
0243 The noise level of the low frequency region at the 
mirror Surface of the obtained disk Substrate was measured. 

0244. The results of the noise level are shown in FIG. 18 
where the ordinate indicates the noise value and the abscissa 
indicates the frequency. In the figure, the Solid line X 
indicates the noise level of a disk Substrate produced by 
using a Silicon Substrate Stamper. 

0245. In FIG. 18, the broken line Y indicates the noise 
level of a disk Substrate produced under the Same conditions 
as above using a nickel Stamper prepared in accordance with 
the conventional method. 

0246. In FIG. 18, "LD" indicates the fluctuation of power 
during the measurement of a laser diode used for measure 
ment, while “AP' indicates the fluctuation during measure 
ment of an amplifier used for measurement. 
0247. From FIG. 18, it was confirmed that there was a 
large difference in noise level between a disk Substrate 
produced by using a nickel Stamper and a disk Substrate 
produced by using a Silicon Substrate Stamper and that the 
50-section moving average of the noise value was -75.7 
dBm in the disk Substrate produced by using a nickel 
stamper, but that was -85.3 dBm in a disk substrate pro 
duced by using a Silicon Substrate Stamper, So the noise in 
the low frequency region was reduced by about 10 dBm. 
0248. Here, the “50-section moving average” is the aver 
age obtained by processing taking the average of the first to 
50th points of the frequency, using this as the data of the 
50th point, then taking the average of the Second to 51st 
points, using this as the data of the 51st point, and on to 
Successively shift the points to be averaged. 
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0249 Further, the surface roughnesses (Ra) of the mirror 
Surfaces of the disk Substrate produced using the above 
nickel Stamper and the disk Substrate produced by using a 
Silicon Substrate Stamper were measured. 

0250) The surface roughness (Ra) of the disk substrate 
produced by the nickel Stamper was at least 0.3 nm, while 
the Surface roughness of the dusk Substrate produced by 
using the Silicon Substrate Stamper was not more than 0.2 
nm. Thus, the Surface roughness of the disk Substrate was 
reduced by using the Stamper of the present invention. 

EXAMPLE 2 

0251 A silica glass substrate having a thickness of 0.6 
mm to 1.2 mm mirror polished on its Surface was used to 
prepare a Stamper of a glass Substrate according to the first 
embodiment. 

0252 Namely, the glass substrate was formed with a 
resist film (TSMR-V50 made by Tokyo Ohka Kogyo Co., 
Ltd.) to a thickness of 45 nm by Spin coating. After drying, 
the regions for forming the grooves were exposed by a laser 
and developed by an inorganic alkali developing Solution 
(DE-4 made by Tokyo Ohka Kogyo Co., Ltd.) for 15 to 30 
Seconds, then the unexposed portions were removed. 

0253) Next, reactive ion etching (RIE) was performed 
using the above resist film as a mask to form grooves having 
a depth of 40 nm, then the resist film was removed to thereby 
obtain a glass Stamper formed with a relief pattern for the 
Second optical recording multilayer film. 

0254 Here, the reactive ion etching (RIE) was performed 
under conditions of an RF power of 200 W, an etching gas 
of CF, a pressure of 1 Pa, a gas flow rate of 50 Scom, and 
a glass substrate temperature of 20° C. These were the same 
as the RIE conditions for the silicon Substrate of Example 1, 
but in the etching of the glass Substrate, the etching Speed 
became 40 nm/min, So the etching was performed for one 
minute under these conditions. 

0255 The signal surface of the obtained glass substrate 
was coated with a protective film material (Clean Coat S 
made by Fine Chemical Japan Co., Ltd.) This was dried to 
form a protective film. A double column structure three 
dimensional fine processor and diamond-containing plastic 
grinding wheel (Diamond Resin or, when also used for 
rough grinding, Vitrified Diamond S type made by FSK Co., 
Ltd.) were used to grind the inner and outer circumferential 
shapes by helical grinding. The grinding was performed by 
a total of four Steps: rough grinding I, rough grinding II, 
finishing I, and finishing II. The conditions of the configu 
rations (spindle Speed, XY-axial movement, Z-axial move 
ment, and cutting feed) were as shown in Table 2. 

TABLE 2 

Rough Rough Finishing 
grinding I grinding II Finishing I I 

Spindle 10,000 20,000 25,000 30,000 
speed 
(rpm) 
XY-axial Cut off O1 O.O2 O.OOS 
Owenent 

(mm) 
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TABLE 2-continued 

Rough Rough Finishing 
grinding I grinding II Finishing I I 

Z-axial O.O2 2.9 2.9 2.O 
Owenent 

(mm) 
Cutting 2OO 2O 1O.O 5.0 
feed 
(mm/min) 

0256 The obtained glass stamper was attached by suction 
to the upper mold of a preSS machine capable of introduction 
of ultraviolet rays from the outside shown in FIG. 13 while 
positioning it using centering pins. 
0257). On the other hand, the lower mold of the above 
preSS has attached to it by Suction the disk Substrate obtained 
in Example 1 formed with the first optical recording multi 
layer film while positioning it using centering pins. 
0258. The above first optical recording multilayer film 
was coated with ultraViolet curing resin in a donut shape by 
a dispenser attached to an XY robot. The amount of the 
ultraViolet curing resin coated at this time was made an 
amount not being Squeezed out from either the inner or outer 
circumferences from the Space between the first optical 
recording multilayer film and the glass Stamper when being 
pressed and becoming the desired thickness after curing. 
0259. The hydraulic ram shown in FIG. 13 was elevated 
at a speed of more than 50 mm/min to a position right before 
the ultraViolet curing resin on the first optical recording 
multilayer film contacted the glass Stamper, then the eleva 
tion speed of the hydraulic ram was Switched to less than 50 
mm/min in order to prevent air inclusion. The Speed was 
Switched to less than 20 mm/min from a position of about 
0.5 mm from the final press position. The ultraviolet curing 
resin was spread by pressing to the inner and outer circum 
ferences in this way. 
0260 Next, from the point of the time when the ultra 
Violet curing resin Started to be spread by pressing to the 
point when it was spread by pressing to close to 50%, an 
ultraViolet ray lamp was turned on to irradiate the resin with 
ultraViolet rayS Via a light guide path from the centering pins 
and selectively cure the inner circumference. While irradi 
ating the entire Surface with ultraViolet rays through the 
glass Stamper, the pressure was held at a desired position in 
a position-controlled molding machine, while the cavity was 
Secured by the mold assembly in a non-position-controlled 
molding machine to thereby cure the ultraViolet curing resin. 
At this time, the pressing Speed is preferably not more than 
20 mm/min. 

0261. After pressing and curing, under control of a timer 
of the hydraulic ram, the Suction of the glass Stamper held 
at the upper mold was released and the hydraulic ram was 
lowered in the State with the glass Stamper fixed to the disk 
Substrate. 

0262. After finishing being lowered, another ultraviolet 
ray unit was used as an auxiliary means to completely cure 
the ultraViolet curing resin through the entire Surface of the 
glass Stamper and thereby obtain a light transmitting layer. 
0263. By further projecting out guide pins at the inner 
circumference of the lower mold by air and Simultaneously 
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blowing air to Separate the glass Stamper and the light 
transmitting layer comprising the cured ultraViolet curing 
resin at their interface, a light transmitting layer having the 
relief pattern for the Second optical recording multilayer film 
transferred to it was obtained on the first optical recording 
multilayer film. 
0264. Next, the relief pattern for the second optical 
recording multilayer film was formed over it with a Second 
optical recording multilayer film comprising a thin film of 
aluminum or its alloy etc. controlled in reflectance to about 
30% by sputtering. 
0265 Finally, a protective film of an ultraviolet curing 
resin was formed or a film for use as the protective film was 
adhered to thereby prepare an optical disk having a two 
layer Structure. 

EXAMPLE 3 

0266. A glass stamper formed with a relief pattern for a 
third optical recording multilayer film formed in the same 
way as in Example 2 was attached by Suction to the upper 
mold of the press shown in FIG. 13 capable of introduction 
of ultraviolet rays from the outside while positioning it by 
centering pins. 

0267 On the other hand, the lower mold of the press has 
attached to it by Suction a Stamper formed with a relief 
pattern for the Second optical recording multilayer film 
while positioning it by centering pins. 

0268 An ultraviolet curing resin was coated in the same 
way as in Example 2, the molds pressed, and ultraViolet rays 
irradiated for curing to form a light transmitting layer, the 
Stamper being formed with the relief pattern for the Second 
optical recording multilayer film was separated from the 
formed light transmitting layer; and the obtained relief 
pattern for the Second optical recording multilayer film was 
formed with a Second optical recording multilayer film 
comprising a thin film of aluminum or its alloy etc. con 
trolled in reflectance to about 30% by sputtering. 
0269. The second optical recording multilayer film was 
bonded with the disk substrate obtained in Example 1 
formed with the first optical recording multilayer film in the 
Same way as above; the glass Stamper formed with the relief 
pattern for the third optical recording multilayer film was 
Separated from the light transmitting layer; and the obtained 
relief pattern for the third optical recording multilayer film 
was formed with a third optical recording multilayer film 
comprising a thin film of aluminum or its alloy etc. con 
trolled in reflectance to about 15% by sputtering. 
0270 Finally, a protective film of an ultraviolet curing 
resin was formed or a film for use as the protective film was 
adhered to thereby prepare an optical disk having a three 
layer Structure. 

EXAMPLE 4 

0271. A stamper was prepared from a silicon Substrate 
having a thickness of 0.4 mm mirror polished on its Surface 
according to Example 1. As a result, a Stamper having a 
circularity of inner circumference of not more than 0.9 um 
was obtained. 

0272 Further, when preparing a stamper from a glass 
Substrate having a thickness of 0.6 mm mirror polished on 
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its Surface, a Stamper having a circularity of inner circum 
ference to not more than 0.9 um could be obtained in the 
Same way. 

0273. On the other hand, as a comparative example, a 
nickel Stamper having a thickness of 0.3 mm was prepared 
in accordance with the method of the related art. In the case 
of a nickel Stamper processed at its inner and outer circum 
ferences by grinding, the circularity was 0.9 to 1.4 um, in the 
case of a nickel Stamper processed at its inner and outer 
circumferences by the method of co-grinding by turning, the 
circularity was 1.1 to 1.7 um, and in the case of a nickel 
Stamper processed at its inner and outer circumferences by 
punching by a punching press, the circularity was 3.5 to 4.5 
tim. In each case, the circularity was larger than that in the 
Stamper of the present invention. 

EXAMPLE 5 

0274. A stamper was prepared from a silicon Substrate 
having a thickness of 0.4 mm mirror polished on its Surface 
according to Example 1. 

0275. Further, in accordance with the method of the 
related art, a nickel Stamper was prepared and this used to 
prepare a disk Substrate to produce an optical disk. 
0276 A tracking error signal (TE) and a focus error 
Signal (FE) of the two disks were measured. 
0277 FIG. 19A shows the tracking error signal (TE) and 
focus error Signal (FE) of an optical disk when preparing a 
stamper from a silicon substrate, while FIG. 19B shows the 
tracking error Signal (TE) and focus error Signal (FE) of an 
optical disk when preparing a nickel Stamper. The ordinate 
shows the values of the signals on a relative basis. FIG. 19A 
and FIG. 19B use a common Scale. 

0278. As shown in FIG. 19B, in the case of a nickel 
Stamper, Scratches caused by abrasives in the polishing agent 
during the back polishing appear as macro relief (waviness) 
at the formed disk Substrate due to the filling preSSure at the 
time of injection molding. The residual discrepancy of focus 
error caused by the above ends up becoming large. AS shown 
in FIG. 19A, however, since a flat stamper without scratches 
due to the back polishing can be obtained, the residual 
discrepancy of focus error of the obtained optical disk 
becomes extremely Small. 

0279 The present invention is not limited to the above 
embodiments. 

0280 For example, the layer configuration of the optical 
recording multilayer film is not limited to the configurations 
explained in the embodiments. A variety of configurations 
can be used in accordance with the material of the recording 
film etc. 

0281 Further, the present invention can be applied to a 
magneto-optical recording medium and an optical disk 
medium using an organic pigment material in addition to a 
phase change type optical recording medium. 

0282. Further, the present invention can be applied to an 
optical disk of a configuration irradiated by recording or 
reproduction light from the disk Substrate side. 
0283. Further, the resist disk can be exposed by an 
electron beam exposure apparatus, ultraViolet ray laser, etc. 
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A cutting apparatus having an equivalent configuration to 
that shown in FIGS. 2A and 2B can be used. 

0284. A variety of modifications can be made within the 
Scope of the present invention in addition to the above. 
0285 Summarizing the effects of the invention, accord 
ing to the Stamper for producing an optical recording 
medium used in a process of producing an optical disk of the 
present invention, a Stamper Suppressed in Surface rough 
neSS, uneven thickness, and circularity of inner circumfer 
ence can be provided. 
0286 Further, according to the method of producing the 
Stamper for producing an optical recording medium of the 
present invention, a Stamper Suppressed in Surface rough 
neSS, uneven thickness, and circularity of inner circumfer 
ence can be produced. 
0287 Further, according to the optical recording medium 
of the present invention, a optical recording medium Sup 
pressed in Surface roughness, uneven thickness, and circu 
larity of inner circumference can be provided. 
0288 Further, according to the method of producing the 
optical recording medium of the present invention, a optical 
recording medium Suppressed in Surface roughness, uneven 
thickness, and circularity of inner circumference can be 
produced. 

0289. Note that the embodiments explained above were 
described to facilitate the understanding of the present 
invention and not to limit the present invention. Accord 
ingly, elements disclosed in the above embodiments include 
all design modifications and equivalents belonging to the 
technical field of the present invention. 
What is claimed is: 

1-16. (canceled) 
17. An optical recording medium comprising: 
a medium Substrate formed by injection molding using as 

a part of a mold assembly a Stamper for producing an 
optical recording medium having a base member one 
main Surface thereof being mirror polished and the 
mirror polished main Surface of the base member being 
formed with a pattern of relief shapes and thereby 
having the pattern of relief shapes transferred thereto; 

a film including at least an optical recording film formed 
on the relief Shapes forming Surface of the medium 
Substrate; and 

a protective film formed on the film including the optical 
recording film. 

18. An optical recording medium as Set forth in claim 17, 
wherein the medium substrate is formed by injection mold 
ing using as a part of its mold assembly a Stamper for 
producing an optical recording medium having the base 
member comprising Silicon. 
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19. An optical recording medium as set forth in claim 17, 
wherein the medium Substrate is formed by using as a part 
of a mold assembly a Stamper for producing an optical 
recording medium having the base member comprising 
glass, Supplying and hardening at least an ultraViolet curing 
resin, and thereby transferring the relief shapes of the 
Stamper. 

20. An optical recording medium as Set forth in claim 17, 
wherein 

the reliefshapes are defined by a pattern of guide grooves 
for defining track regions of the optical recording 
medium; and 

the optical recording film is a phase change type optical 
recording medium. 

21. An optical recording medium as Set forth in claim 17, 
wherein 

the reliefshapes are defined by a pattern of guide grooves 
for defining track regions of the optical recording 
medium; and 

the optical recording film is a magneto-optic recording 
medium. 

22. An optical recording medium as Set forth in claim 17, 
wherein 

the reliefshapes are defined by a pattern of guide grooves 
for defining track regions of the optical recording 
medium; and 

the optical recording film comprises an organic pigment 
layer. 

23. An optical recording medium as Set forth in claim 17, 
wherein 

the relief shapes are defined by a pattern of pits of the 
optical recording medium; and 

the optical recording film is a reflection film. 
24. An optical recording medium comprising: 
a medium Substrate formed by injection molding using as 

a part of a mold assembly a Stamper for producing an 
optical recording medium having a base member one 
main Surface thereof being mirror polished and the 
mirror polished main Surface of the base member being 
formed with a pattern of relief shapes and thereby 
having the pattern of relief shapes transferred thereto; 

a multilayer film formed on the relief shapes forming 
Surface of the medium Substrate and comprising a 
plurality of films including at least an optical recording 
film Stacked via a light transmitting layer; and 

a protective film for protecting the multilayer film. 
25-32. (canceled) 


