
;e3e~~@\.6dThr M1 - 2 J U l 2003 _g_ NEAR-FIELD OPTICAL STORAGE MEDIUM AND
OPTICAL DATA STORAGE SYSTEM THEREFOR BACKGROUND OF THE INVENTION 1. Field
of the Invention The present invention relates to a near-field optical
storage medium and an optical data storage system having a focusing optical
system, and more particularly, to an optical storage medium which is used
together with an optical pickup having a near-field focusing optical system
such as a solid-state immersion optical system or a solid-state immersion
lens, and a near-field optical data storage system for performing writing
and/or reading of information with respect to the optical storage medium.
2. Description of the Related Art In an optical data storage system, an
optical pickup having a solid-state immersion optical system or solid-state
immersion lens performs writing and/or reading of information with respect
to the optical data storage system, using a near-field formed between the
solid-state immersion optical system or solid-state immersion lens and the
optical data storage system. FIGs. 1 and 2 show an existing optical disc
used as an optical data storage system, in which FIG. 1 shows that an
existing optical disc is used together with the optical data storage system
having a catadioptric solid-state immersion optical system, and FIG. 2
shows that an existing optical disc is used together with an optical data
storage system having a refractive type solid-state immersion lens.    



- 2 J U l 2003 -2 In FIG. 1, a light beam 1 emitted from a light
transmission and reception portion 10 is reflected by a reflective mirror
12 and incident to a catadioptric solid-state immersion optical system 14.
A slider 16 supporting the solid-state immersion optical system 14 floats
the solid-state immersion optical system aerodynamically through an air
bearing generated by a relative movement between an optical data storage
medium 18 such as an optical disc and the slider 16. As a result, an air
gap is formed between the solid-state immersion optical system 14 and a
protective layer l83 of the optical data storage medium 18. An interval of
the air gap, that is, a distance between the opposing surfaces of the
solid-state immersion optical system 14 and the optical data storage medium
18, is maintained for example within one wavelength of light used. It is
preferable that it is maintained much smaller than one wavelength of the
used light. The catadioptricsolid-state immersion optical system14 refracts
andreflects thelight beam1 incident from the reflective mirror12, and forms
abeam spotfocused onits surface opposing the optical datastorage medium 18.
Thebeam spotforms a near field in the air gap between
thesolid-stateimmersionoptical system 14 and the surface ofthe optical
storage medium18.The optical data storage system shown inFIG. 2 includesa
focusing objective lens 24 and a refractive solid-state immersion lens 26,
rather than the catadioptric solid-state immersion optical system 14 shown
in FIG. 1. A light transmission and reception portion 20 emits a light beam
1 having an optimized diameter for the objective lens 24. A reflective
mirror 22 reflects the light beam 1 emitted from the light transmission and
reception   - 2 J U l 2003 -3 portion 20 toward the objective lens 24. The
objective lens 24 focuses the light bears 1 incident from the reflective
mirror 22 on the solid-state immersion lens 26. The beam spot focused on
the solid-state immersion lens 26 forms a near field between the surface
opposing the optical storage medium 18 and a protective layer 183 in the
optical storage medium 18. The objective lens 24 and the solid-state
immersion lens 26 are supported by a slider 28. The slider 28 floats the
solid-state immersion lens 26 aerodynamically and forms an air gap having
an interval within one wavelength of light used between the solid-state
immersion lens 26 and the optical storage medium 18, like the slider 16
shown in FIG. 1. In the optical data storage system shown in FIG. 1 or 2, a
beam spot is formed in a near field generating portion being a
predetermined position on the surface of the solid-state immersion optical
system 14 or the solid-state immersion lens 26 which opposes the optical
storage medium 18. In general, the system shown in FIG. I or 2 uses a
finite beam spot corresponding to a numerical aperture (NA) of at least one
for writing or reading information with respect to the optical storage
medium 18. In the case that used light has a wavelength (err) of 650nm, a
light beam which forms a beam spot on the near field generating portion
passes an air gap of an interval of approximately 110nm and a protective
layer 183 of 70-90nm thick) and transferred to a recording layer of the
optical storage medium 18. The recording layer is disposed between the
protective layer 183 of the optical storage medium 18 and a substrate 181.
The light beam reflected from the recording layer transmits through the
protective layer I83 and the air gap and is transferred to the solid-state
immersion optical system or the   - 2 J U l 2003 -4 solid-state immersion
lens 26. Generally, according to the refraction and total reflection laws,
the light contributed to a large numerical aperture is totally reflected
from the emission surface of the solid-state immersion optical system 14 or
the solid-state immersion lens 26, that is, the near field generating
portion being an optical transmitting surface adjacent to the storage
medium 18. Therefore, in the case that the interval of the air gap is
larger than the wavelength a of the used light, the optical storage medium
18 is positioned in the portion beyond the near field. Thus, the light
contributed to the large numerical aperture does not contribute to
formation of the beam spot on the optical storage medium 18. In other
words, the numerical aperture of the light beam contributed to the
formation of the beam spot on the optical storage medium 1$ becomes smaller
than "1", while passing through the air gap. As a result, a spot size of
the light beam focused on the storage medium 1$ with the light travelling
through the air gap having an interval larger than the wavelength of the
used light, becomes larger than the beam spot size formed on the near field
generating portion of the solid-state immersion optical system 14 or the
solid-state immersion lens 26. However, in the case that an interval of the
air gap is sufficiently smaller than one wavelength of the used light,
preferably .l /4) the spot size of the light beam incident to the optical
storage medium 18 is close to the size of the beam spot formed in the near
field generating portion. Therefore, under this condition, the optical data
storage system shown in FIG. I or 2 can write or read information at high
density with respect to the recording layer of the optical storage medium
18, using the solid-state immersion optical system 14 or the 



- 2 J U l 2003 -5 solid-state immersion lens 26. FIG. 3 shows the near
field generating portion between the surface of the solid-state immersion
optical system 14 or the solid-state immersion lens 26 and the protective
layer 183 of the optical storage medium 18. The interval SRD from the
surface of the solid-state immersion optical system 14 or the solid-state
immersion lens 26 opposing the optical storage medium 18 to the protective
layer 183) more accurately, to the recording layer becomes smaller than one
wavelength of the used light, and the recording layer in the storage medium
18 is positioned within the distance providing a near field effect. An
example of an existing optical disc is disclosed in U. S. patent No.
5,470,627. In the case that the above existing optical disc is for example
a magnetooptical disc, the disc includes a reflective layer, a first
dielectric layer, a recording layer, and a second dielectric layer which
are disposed on a conventional substrate in sequence. The reflective layer
is made of metal such as aluminum of 500-1000A thick. The first dielectric
layer is made of aluminum nitride or silicon nitride of 150-400A thick. The
recording layer is made of rare-earth transition-metal alloy such as TbFeCo
of 150-500 thick. Finally, the protective layer is made of silicon nitride
Si3Nq of 400-800 A thick. However, in the case that the above-described
existing optical disc is used, the optical data storage system has two
problems as follows. These problems take place identically in both the data
storage system including the solid-state immersion optical system 14 and
the data storage system including the solid-state immersion lens 26.
Therefore, for convenience of explanation, these problems will be described
in connection with the existing   - 2 J U l 2003 -6 optical disc and the
solid-state immersion lens 26. First, the problem that the light beam
reflected from the recording layer on the existing optical disc having the
above structure contains noise due to interference will be described with
reference to FIGs. 4 and 5. FIG. 4 shows the solid-state immersion lens 26
having a refractive index of 1.8. In FIG. 4, "air gap reflective light
(NB)" illustrates the light beam totally reflected from the near field
generating portion of the solid-state immersion lens 26 and the air gap
between the solid-state immersion lens 26 and the optical storage medium
18, and "recording layer reflective light (RB)" illustrates the light beam
reflected from the recording layer in the optical storage medium 18. In the
case that the solid-state immersion lens 26 has a refractive index of 1.8,
the total reflective angle of 56.3 degree at the solid-state immersion lens
26 corresponds to the numerical aperture of 0.83. FIG. 5 shows
angle-reflectance characteristics of the solid-state immersion optical
system 14 or the solid-state immersion lens 26 with respect to three air
gap intervals. In FIG. 5, curves (a) show angle-reflectance characteristics
with respect to the air gap interval of 50nm, curves (b) show
angle-reflectance characteristics with respect to the air gap interval of
100nm, and curves (c) show angle-reflectance characteristics with respect
to the air gap interval of 150nm. Among the curves (a) through (c)) the
curves denoted as "++" show angle-reflectance characteristics with respect
to the p-polarized light beam) and the curves denoted as ""(solid line)
show angle-reflectance characteristics with respect to the s-polarized
light beam. The angle denoted at the horizontal axis indicates an incident
angle possessed by the light beam proceeding to the air gap from the
solid-state immersion lens 26.   - 2 JUl 2003  For example, in the case
that an interval of the air gap existing between the optical storage medium
18 and the solid-state immersion lens 26 becomes larger than the wavelength
of the used light, the portion of the light beam having an angle larger
than the total reflection angle of 56.3 degree, particularly the portion of
the light beam contributed to a higher numerical aperture) for example) the
numerical aperture of 1.2 or more among the light beam proceeding from the
solid-state immersion lens 26 to the storage medium 18, does not transmit
the air gap, but is totally reflected in the near field generating portion
or in the inside of the air gap. As can be seen from FIG. 5 showing a
reflectance with respect to the numerical aperture of 1.5, the air gap
reflective light NB has a relatively higher reflectance. Also, since the
air gap and the recording layer are very close to each other, an
interference occurs between the air gap reflective light (NB) and the
recording layer reflective light (RB). Finally, the air gap reflective
light (NB) functions as noise with respect to the recording layer
reflective light (RB). 



Now, the problem caused by the optical storage medium 18 which is made at
high density will be d; scribed with reference to FIG. 6. In the case that
the optical storage medium 18 is fabricated into a high density optical
storage medium, grooves or pits of 100-150nm wide are formed on a substrate
181 for recording information thereon. A reflective layer or a recording
layer on which information is actually recorded are in turn put on the
grooves or pits, through a coating process. In addition, a protective layer
183 of 150-200nm thick is formed on , the recording layer. In FIG. 6, an
unevenness structure 185 formed as the grooves or pits on the substrate   -
2 JUL 2003 _g_ 181 is shown in the form of a wedge or well. Since the depth
of the recording layer coated by the protective layer 183 is larger than
the width of the grooves or pits, the light beam lincident from the
solid-state immersion optical system 14 or the solid-state immersion lens
26 to the optical storage medium 18 does not reach the grooves or pits,
more accurately the recording layer, but is reflected in the vicinity of
the inner side on the surface of the protective layer 183. As a result, the
optical data storage system cannot perform writing and/or reading of
information with respect to the high density optical storage medium 18.
SUMMARY OF THE INVENTION To solve the above problems, it is an object of
the present invention to provide an optical storage medium including an
optical transmissive layer having a desired thickness between a solid-state
immersion optical system or solid-state immersion lens and a recording
layer formed on the optical storage medium, in such a manner that the
above-described light reflected from an air gap does not function as noise
with respect to Light reflected from the recording layer, in order to be
used together with an optical pickup having the solid-state immersion
optical system or solid-state immersion lens for writing or reading
information. It is another object of the present invention to provide an
optical data storage system including an optical pickup for recording
information on an optical storage medium or reading information therefrom.
To accomplish the above object of the present invention, there is provided
an optical storage medium for storing information thereon, which is   - 2 J
U l 2003 -9 used together with an optical pickup having a focusing optical
system, the optical storage medium comprising: a recording layer; and a
protective layer, wherein the distance between an optical surface of the
opposite focusing optical system and the recording layer is smaller than
the wavelength of light used and the thickness of the protective layer is
larger than the wavelength of the used light. To accomplish the above
object of the present invention, there is also provided an optical storage
medium for storing information thereon) which is 



used together with an optical pickup having a focusing optical system for
generating a near field, the optical storage medium comprising: an optical
transmissive layer having a thickness larger than one wavelength of light
used and a recording layer which is put on one surface opposing the other
surface of the optical transmissive layer opposing the focusing optical
system. To accomplish the other object of the present invention, there is
also provided an optical data storage system for writing or reading
information with respect to an optical storage medium using an optical
pickup, the optical data storage system comprising: the optical pickup
including a focusing lens generating a near field; and an optical
transmissive layer having a thickness larger than one wavelength of light
used and the optical storage medium including a recording layer which is
put on one surface opposing the other surface of the optical transmissive
layer opposing the focusing lens. According to the present invention, there
is also provided an optical data storage system for writing or reading
information with respect to an   2 J U l z003 -~o optical storage medium
using optical pickups, the optical data storage system comprising: the
optical pickups including first and second optical pickups including a
focusing optical system generating a near field and the optical storage
medium including a single optical storage medium including a first optical
transmissive layer having one surface opposing the first optical pickup, a
second optical transmissive layer having one surface opposing the second
optical pickup, and first and second recording layers which are
respectively put on the other surface of the first optical transmissive
layer 



and the other surface of the second optical transmissive layer, wherein the
first and second optical transmissive layers have a thickness larger than
one wavelength of light used and the distance between the opposing one
surfaces of the focusing optical system and the optical transmissive layer
becomes smaller than the one wavelength of the used light beam. BRIEF
DESCRIPTION OF TIME DRAWINGS The objects and other advantages of the
present invention will become more apparent by describing in detail the
structures and operations of the present invention with reference to the
accompanying drawings, in v,~hich: Fig. 1 shows an existing optical data
storage system including an existing optical disc and a catadioptric
solid-state immersion lens therefor; FIG. 2 shows an existing optical data
storage system including an existing optical disc and a refractive type
solid-state immersion lens therefor; FIG. 3 shows a near field generating
portion in the optical data storage system shown in FIG. 1 or 2;   - 2 J U
L 2003 -11_ FIG. 4 is a view for explaining air gap reflective light and
recording layer reflective light which are generated in the FIG. 2 system; 



FIG. 5 is a graphical view showing angle-reflectance characteristics
according to air gap changes in the optical data storage system shown in
FIG. 1 or 2; FIG. 6 is a view for explaining the case that an unevenness
structure formed on the substrate of the optical storage medium is not
detected by an optical pickup in the optical data storage system shown in
FIG. 1 or 2; FIG. 7 shows an optical data storage system according to a
first embodiment of the present invention, which is used together with an
optical data storage system including a catadioptric solid-state immersion
lens; FIG. 8 shows an optical data storage system according to a second
embodiment of the present invention, which is used together with an optical
data storage system including a transmissive solid-state immersion lens;
FIG. 9 is a view for explaining the case that an unevenness structure
formed on the substrate of the optical disc is detected by an optical
pickup in the optical data storage system shown in FIG. 8; FIG. 10 shows an
optical data storage system according to a third embodiment of the present
invention; FIG. 11 shows a hierarchical structure of the optical disc
according to the first embodiment of the present invention; and FIG. 12 is
a graphical view showing the change of the relative movement stiction force
with the texturing depth in the optical disc shown in FIG. 11. 



- 2 J U l 2003 DETAILED DESCRIPTION OF THE PREFERRED Ef~IBODIMENTS
Preferred embodiments of the present invention will be described with
reference to the accompanying drawings, in which elements having the same
reference numerals perform the same functions. Referring to FIG. 7) an
optical data storage system according to a first embodiment of the present
invention includes an optical pickup having a light transmission and
reception portion 10, a reflective minor 12, a catadioptric solid-state
immersion optical system 64, and a slider 66, and an optical storage medium
68. Since the elements shown in FIG. 7 perform the same optical functions
as those having the same reference numerals shown in FIG. 1, the detailed
description thereof will be omitted. The optical storage medium 68 includes
a substrate 681, an optically transparent protective layer 686, and a
recording layer disposed between the substrate 681 and the protective layer
686, which is generally in the form of a disc. In the case of an
overwritable optical storage medium 68, the recording layer is formed by
coating an optically sensitive material on the surface of the substrate
681. The optical storage medium 68 is fabricated in such a manner that the
light beam emitted from the catadioptric solid-state immersion optical
system 64 transmits the protective layer 686 having an optical transmissive
characteristic and forms a minimized beam spot on the recording layer.
Differently from the existing storage medium 18 having a thin protective
layer 183) the optical storage medium 68 has the protective layer 686
thicker than the wavelength of light used. An air gap exists between the
protective layer 686 and the solid-state immersion optical   - 2 JUl 2003
-13 system 64. Therefore, the surface of thesolid-stateimmersion
opticalsystem 64 positioned toward thereflectivemirror 12has an
asphe:-icalsurface forming a minimized beamspot on the recordinglayer of
the opticalstorage medium 68, taking thethicknessand refractive index of
theprotective layer 686 into consideration.Alternatively, the
catadioptricsolid-stateimmersionoptical system 64 is fabricated in the
shape and material similar to those of the solid-state immersion optical
system 14 of FIG. 1. As described above, the shape is slightly changed
considering the thickness of the substrate thicker than one wavelength of
the used light. The light beam 1 proceeding from the reflective minor 12 to
the solid-state immersion lens 64 is refracted and reflected in the
solid-state immersion lens 64 and forms a beam spot in the center of the
surface opposing the protective layer 686 of the storage medium 68, as
shown in FIG. 7. The slider 66 floats the solid-state immersion lens 64
aerodynamically from the surface of the storage medium 68 by the relative
movement between the rotating storage medium 68 and the slider 66, and
forms an air bearing between the opposing surfaces of the storage medium 68
and the slider 66. Here, the interval of the air gap existing between the
surfaces of the solid-state immersion lens 64 and the protective layer 686
is maintained into less than wavelength possessed by the used light) that
is the light beam 1 emitted from the light transmission and reception
portion 10. In the optimal case, if the air gap interval is maintained into
less than 1/4 wavelength) an interference phenomenon is reduced to thereby
obtain an excellent signal to noise ratio.   - 2 J U l 2003 -14 The light
beam incident to the storage medium 68 passes through the optically tr
ansparent protective lay er 68G and reaches the recording layer. Thus, in
the case that the optical storage medium 68 is fabricated in the form of a
high density optical storage medium, that is) the optical data storage
system 68 has grooves or pits of 100-150nm wide and a protective layer 686
of 150-200nm thick, the depth from the surface of the storage medium 68
positioned toward the air gap to the grooves or pits becomes larger than
the width of the grooves or pits. Thus, the FIG. 7 system can write or read
information with respect to the high density optical storage medium. 



FIG. 8 shows an optical data storage system according to a second
embodiment of the present invention. The FIG. 8 system includes an
objective lens 74, a refractive solid-state immersion lens 76 and a slider
78, instead of the solid-state immersion optical system 64 and the slider
66 shown in FIG. 7. FIG. 9 is a enlarged view of the optical storage medium
88 and the solid-state immersion lens 76 shown in FIG. 8. The objective
lens 74 focuses the light beam incident from the reflective mirror 22 on
the refractive solid-state immersion lens 76. In this embodiment,
differently from the above-described storage medium 68, the optical storage
medium $8 includes a substrate 881 having an optical transmissive
characteristic on one surface opposing the solid-state immersion lens 76,
and a protective layer 883 on the other surface far from the solid-state
immersion lens 76. Grooves or pits for recording information are formed on
the substrate 881 of the optical storage medium 88. An unevenness structure
885 formed by the grooves or pits formed on the   - 2 J U l Z003 -is
optical transmissive substrate 881 is illustrated in the form of wedge or
well concave toward the substrate 881 in FIG. 9. The solid-state immersion
lens 76 forms an optimized beam spot on the recording layer of the optical
storage medium 88, in the center of the surface of the solid-state
immersion lens 76 opposing the storage medium 88, using the light beam
incident from the objective lens 74. In this case, the objective lens 74
and the solid-state immersion lens 76 form a beam spot providing a
numerical aperture of at least one on the above-described surface of the
solid-state immersion lens 76. The slider 78 floats the solid-state
immersion lens 76 from the surface of the rotating storage medium 88 and
maintains an interval of the air gap between the surfaces of the
solid-state immersion lens 76 and the substrate 881 into 1/4 or less of the
wavelength of the light beam emitted from the light transmission and
reception portion 20. In the case that the interval of the air gap is 1/4
or more of the 



wavelength of the used light, the light beam providing the numerical
aperture of one or more is totally reflected from the air gap when the
light beam forming the beam spot on the surface of the solid-state
immersion lens 76 opposing the storage medium 88 passes through the air
gap. Thus) only the light beam providing the numerical aperture of less
than one is transferred to the optical storage medium 88. The spot size of
the light beam reaching the storage medium 88 becomes relatively large.
However, when the interval of the air gap becomes less than 1/4 of the
wavelength of the used light, the light beam of the numerical aperture of
one or more is transferred to the storage medium 88) and the size of the
beam spot   - 2 J U l 2003 -1G becomes small. Also, since the unevenness
structure 885 in which the recording layer is formed is far from the air
gap compared with the existing optical storage medium, the recording layer
reflective light is protected from the interference due to the air gap
reflective light. Thus, the optical data storage system shown in FIG. 8 can
write or read information with respect to the optical storage medium 88
with an excellent signal to noise ratio as well. In FIG. 9, the solid arrow
line denotes "recording layer reflective light" reflected from the
recording layer of the storage medium 88 and the dotted arrow line denotes
"air gap reflective light" reflected from the surface of the solid-state
immersion lens 76, the air gap and the substrate 881. FIG. 10 shows an
optical data storage system according to a third 



embodiment of the present invention. The system shown in FIG. 10 includes a
double-sided optical storage medium 90. The optical storage medium 90 is
fabricated in a manner that substrates 681 of two sheets of the optical
storage media 68 shown in FIG. 7 are adjacent to each other or contact each
other. Otherwise, the storage medium 90 is fabricated in a manner that
protective layers 883 of two sheets of the optical storage media 88 shown
in FIG. 8 are adj acent to each other or contact each other, or only a
protective layer 883 remains after two sheets of the optical storage media
have been incorporated into one. The FIG. 10 system includes a pair of the
light transmission and reception portions 20) the reflective mirrors 22,
the objective lenses 74, the solid-state immersion lenses 76 and the
sliders 78, for the optical storage medium 90. Since the operation of the
FIG. 10 system can be appreciated by one skilled in the art well through
the above-described embodiments, the detailed description thereof will be
z ~ a ~ zoo3 _g7_ omitted. Jince fabrication of the optical data storage
system for writing and/or reading information with respect to the optical
storage medium 90 shown in FIG. 10 using the system shown in FIG. 7 or 8 is
also apparent to those who have an ordinary skill in the art, the detailed
description thereof will be omitted. In the above-described first
embodiment, the thickness of the protective 



layer 686 may become thick infinitely in principle) but it is so sufficient
that the air gap between the solid-state immersion optical system 64 and
the protective layer 686 is smaller than one wavelength of the used light.
However, considering the practical thickness and the numerical aperture
determining the size of the light spot, the thickness of the protective
layer 686 may be enough several micrometers to several hundred micrometers.
As an example, the thickness of the substrate of a digital versatile disc
(DVD) is 0.6mm, that is, 600 ~c m. It is apparent to keep more practical
with the above thickness. Also, although the optical axis of the
solid-state immersion optical system 64 or the solid-state immersion lens
76 is not perpendicular to the surface of the optical storage medium 68 or
88 but is slanted thereto, if the distance between the portion of the
solid-state immersion optical system 64 or solid-state immersion lens 76
farthest from the surface of the optical storage medium 68 or 88, and the
surface of the optical storage medium 68 or 88 is within the wavelength of
the used light, the light beam reflected from the inside of the air gap or
the inside of the storage medium between the air gap and the recording
layer does not function as noise with respect   - 2 JUl 2003 _~s_ to the
light beam reflected from the recording layer. In particular, if the size
of the light beam focused by the solid-state unmersion optical system 64 or
solid-state immersion lens 76 maintains 0.1-0.2mm at the time of passing
through the surface of the optical storage medium 68 or 88, an excellent
recording or reproduction characteristic can be obtained with respect to
the optical storage medium 68 or 88 having dust or damage on the surface
thereof. FIG. 11 shows a hierarchical structure of the optical disc which
embodies the optical storage medium 68 shown in FIG. 7. The optical disc
shown in FIG. 11 is a high density magnetooptical disc having a recording
capacity of 20GByte or more, which includes a substrate 681, and a
reflective layer 682, a first dielectric layer 683, a recording layer 684,
a second dielectric layer 685, a protective layer 686 and a lubricant film
687 which are put on the substrate 681 in turn. The substrate 681 is made
of glass, polycarbonate, PMMA, and an acrylrate-based resin, and has an 



unevenness structure of a track pitch of 0.3-0.4,i m and a groove depth of
50-800 A . The reflective layer 682 is made of one of aluminium (Al ),
nickle (Ni), copper (Cu), platinum (Pt), silver (Ag) and gold (Au), and has
a thickness of 500-2000 A . The first and second dielectric layers 683 and
685 are made of SisNq, ZnS-SiOz, etc. The first dielectric layer 683 has a
thickness of 100-400 A and the second dielectric layer 684 has a thickness
of 300-800A. The recording layer 684 is made of TbFeCo, NdTbFeCo, TbFe,
etc., in order to perform a magnetooptical recording, and has a thickness
of 150-400A. The protective layer 686 can be made of either an optically
transparent inorganic material or an organic material. In this   - 2 J U L
2003 -19 embodiment, the protective layer 686 is made by spin-coating
acrylrate-based resin, and has a thickness of 5-I00 a m. The surface of
tide protective layer 686 is texturing-processed in order to reduce a
stiction called a static friction. The interval of a bump by the texturing
process is 20-60 ~ m and a texturing depth (or bump height) is 5-50 A . The
lubricating film 687 formed on the protective layer 686 has a thickness of
1-3nm and is a lubricant which does not react chemically with the
protective layer 686 and made of PFPE (PerfluoroPolyether). The Fomblin Z
Dol or Fomblin 200l which is used in a hard disc is used as a lubricant.
The Galden SV is used as a solvent mixed with the lubricant. Referring to
FIG. 12, in the case that texturing is not processed on the surface of the
optical disc, a stiction occurs. However, in the case that texturing having
a depth of 5.~ or more is performed, the stiction is reduced. In the
present invention, the solid-state immersion optical system or solid-state
immersion lens has been used. However, it is apparent to those having an
ordinary skill in the art that a general focusing optical system may be
used instead of the solid-state immersion optical system or solid-state
immersion lens, if the air gap between the emitting surface of the optical
system and the protective layer of the storage medium is smaller than one
wavelength of the used light and the thickness of the protective layer is
thicker than the wavelength of the used light. In the above-described
embodiments, the reflective mirror 12 or 22 plays a role of transferring
the light beam emitted from the light transmission and reception portion 10
or 20 to the solid-state immersion lens and transferring the light beam
incident from the solid-state immersion lens to the light   - 2 ,l U l 2003
-20 transmission andreception portion.Thus, various optical
elementswhichcan change an optical path like aprism can be used insteadof
thereflective mirror.As describedabove, the opticaldata storage system
accordingto thepresent inventionuses an optical storage medium the
thickness ofwhichtransmissive layerput between theemitting surface of a
focusingopticalsystem such asa solid-state immersion optical system or
solid-state  immersion lens and a recording layer is larger than the
wavelength of light used. Thus, in the present invention, the light beam
reflected from the inside of the air gap or the inside of the storage
medium between the air gap and the recording layer does not function as
noise with respect to the light beam reflected from the recording layer.
Also, since the present invention can thicken the thickness of the
protective layer or the substrate which becomes the external surface of the
optical storage medium, information can be written or read accurately with
respect to the optical storage medium having dust or damage.   - 2 J U l
2003 -21 What is claimed is: 1. An optical storage medium for storing
information thereon, which is 



used together with an optical pickup having a focusing optical system for
generating a near field, the optical storage medium comprising: an optical
transmissive layer having a thickness larger than one wavelength of light
used. and a recording layer which is put on one surface opposing the other
surface of said optical transmissive layer opposing said focusing optical
system. 2. The optical storage medium according to claim 1, wherein said
optical transmissive layer has a thickness of approximately several
micrometers to several hundred micrometers. 3. The optical storage medium
according to claim 2, wherein said optical transmissive layer is a
protective layer made of an acrylrate-based resin. 4. The optical storage
medium according to claim 2, wherein said optical transmissive layer is a
substrate having an unevenness structure formed on the surface of said
other side, so that a pre-formatted structure for storing information
thereon is provided. 5. The optical storage medium according to claim 4,
wherein said unevenness structure comprises a plurality of grooves or pits
which are engraved toward the surface of said other side opposing said
focusing optical system. 6. The optical storage medium according to claim
5, wherein said 



plurality of grooves or pits each have a width of approximately 100-150nm
- 2 J U L 2003 -22 and said recording layer has a thickness of
approximately 150-400nm. 7. An optical data storage system for writing or
reading information with respect to an optical storage medium using an
optical pickup, the optical data storage system comprising: the optical
pickup including a focusing lens generating a near field and an optical
transmissive layer having a thickness larger than one wavelength of light
used and the optical storage medium including a recording layer which is
put on one surface opposing the other surface of said optical transmissive
layer opposing said focusing lens, wherein an interval between the surfaces
of each one side of said focusing lens and said optical transmissive layer
is smaller than one wavelength of light used. 8. The optical data storage
system according to claim 7) wherein when said focusing lens is slanted
with respect to said optical storage medium, an interval between the
portion of said focusing lens farthest from the surface of said optical
storage medium and the surface of said optical storage medium is maintained
within one wavelength of the used light. 9. The optical data storage system
according to claim 7, wherein said optical transmissive layer has a
thickness of approximately several micrometers to several hundred
micrometers. 



10. The optical data storage system according to claim 9, wherein said
optical transmissive layer is a substrate having an unevenness structure
formed on the surface of said other side, so that a pre-formatted structure
for storing information thereon is provided. 11. The optical data storage
system according to claim 10, wherein   - 2 J U l 2003 -23 said unevenness
structure comprises a plurality of grooves or pits which are engraved
toward the surface of said other- side opposing said focusing lens. 12. The
optical data storage system according to claim 11, wherein .aid plurality
of grooves or pits each have a width of approximately 100-150nm and said
recording layer has a thickness of approximately 150-400nm. 13. The optical
data storage system according to claim 7, wherein an interval between the
surface of said one side of said optical storage medium and said focusing
lens is less than 1/4 of the wavelength of light used. 14. The optical data
storage system according to claim 7, wherein said optical pickup comprises
a focusing optical system having a numerical aperture of one or more. 15.
The optical data storage system according to claim 14, wherein 



said focusing optical system is a catadioptric solid-state immersion
optical system. 16. The optical data storage system according to claim 14,
wherein said focusing optical system is a refractive type solid-state
immersion lens. 17. The optical data storage system according to claim 14,
fur~her comprising: a light transmission and reception portion for emitting
a light beam and detecting the incident light beam; a slider for floating
said focusing optical system from the surface of said one side of said
optical storage medium aerodynamically and an optical path changing means
for transfernng the light beam emitted from said light transmission and
reception portion to said focusing optical   - 2 JUl 2003 -2~ system, and
transferring the light beam incident from said focusing optical system to
said light transmission and reception portion. 18. An optical data storage
system for writing or reading information with respect to an optical
storage medium using optical pickups, the optical data storage system
comprising: the optical pickups including first and second optical pickups
including 



a focusing optical system generating a near field and the optical storage
medium including a single optical storage medium including a first optical
transmissive layer having one surface opposing said first optical pickup, a
second optical transmissive layer having one surface opposing said second
optical pickup, and first and second recording layers which are
respectively put on the other surface of said first optical transmissive
layer and the other surface of said second optical transmissive layer,
wherein said first and second optical transmissive layers have a thickness
larger than one wavelength of light used and the distance between the
opposing one surfaces of said focusing optical system and said optical
transmissive layer becomes smaller than the one wavelength of the used
light beam. .A9U3,.A&.A`.A..A.y.Af.A..A.f.A.AY.AE
.A.S.A.A.Ay.AA.A.A..A.A.y.A..AU.A&h.AUC`|8a
w>N|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cTa]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca!N$37!)%8%<%j(,,,/333)6B6:,:0:{::;[;
;;<U<==>`>|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!`>>>7???@#@i@@@@AABBB"CnCCCJDDD
D>EEEF[FFFFG$G|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!$G)GpGGG?HLHHH&IgIII>JJJKfK
KKLIL|LLMM$MJMXM`NQPSSS}wqlgb]X]ca]ca]ca]ca]ca]c^a]c^a]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!SUZZZ]qaaaabBbbb"
cjcccCddd#e9e|eefUfff0gUhdhihh}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!hhJiii-jwjj
k[kkk%lnllmNmmmoYooooopPpppp:qqqr}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]c*a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!r@ssss3
tttuauuuFvSvXv9yaz=}L}Q}\lq>iI}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]c a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!I
L!j$lP_d5]+u:T}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!DpBy
m9DaU]1=|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!1w$]Y"oMT,s}|wrmhc^Y]]ca]ca]ca]c
a]ca]ca]ca]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]caC`|iK-y10%&'()-  10%&'()-
s@10%&'()-F10%&'()-f10%&'()-'10%&'()-s3M10%&'()-8eF-y10%&'9&@#10%&'()-9$@#1
0%&'()-" 10%&'()-y t10%&'()-9S#10%&'()-f
10%&'()-adE-y10%&'99310%&'()-931S#10%&'()-Y,/
10%&'()-9&-M10%&'()-9*@#10%&'()-9(@#10%&'()- w_@y10%&
S#10%"&'()-f!a&YS#10%""&'()- y10%"&'()-F(10%"&'()-  



10 10 109<@10%&'()-`w`F_@y10%&"S#10%"&'()-m #3 Q#&"S#10%"&'()-m
&"S#10%"&'()-m 1&"S#10%"&'()-m &"S#10%"&'()-m     D eF_@y10%&"S#10%"&'()-m
&"S#10%"&'()-m #3 Q#&"S#10%"&'()-m 1&"S#10%"&'()-m &"S#10%"&'()-m D [ \ ] g



eF_@y10%&"S#10%"&'()-m &"S#10%"&'()-m &"S#10%"&'()-m #3 Q#&"S#10%"&'()-m
&"S#10%"&'()-m        eF_@y10%&"S#10%"&'()-m &"S#10%"&'()-m &"S#10%"&'()-m
&"S#10%"&'()-m #3 Q#&"S#10%"&'()-m    



tP1@&"S#10%"&'()-m &#3 Q#&"S#10%"&'()-m &"S#10%"&'()-m &"S#10%"&'()-m
&"S#10%"&'()-m #3 Q# !1<=>jI</10X&10X& &&F1S#10%X&&'()-&"S#10%"&'()-m #3
Q#m&"S#10%"&'()-m &"S#10%"&'()-m &"S#10%"&'()-m oNA41010&~&&10&~&&
&S#10%&~&&&'()-G S#10%~&&'()-Q &S#10%&~&&&'()-& &10%&~&&&'()-"
&F(`10%&~&&&'()-10X&N!oN-4 &+@#10%&~&&&'()- &S#10%&~&&&'()- &S
Y@#10%&~&&&'()-sQ &Y@#10%&&&'()-s& &y10%&~&&&'()-" &'10%&~&&&'()-
10&~&&!"#$37V !vU4& &XFg#10%:&:&'()-@ &\Fg#10%:&:&'()-@ &Fg#10%::&'()-@
&y10%:&:&'()- &'y10%:&:&'()-10&~&&10&~&&10&~&&!k#&%'%(%)%8%<%p%vU4&
&&lS#10%&'()-  &10%k&&'()- &Y(f10%k&&'()-10:&:10:&:10:&:& &\ "g#10%:&:&'()-
&"g#10%:&:&'()-p%j(,,,,,,/vU4& &z#10%M&M&'()- &10%M&M&'()-
&'10%M&M&'()-10k&10k&10k&& &S#10%k&&'()-G &\ &lS#10%k&&'()- /1333333)6vU4&
&&l@#10%k&&'()- &10%k&&'()- &'f10%k&&'()-10M&M10M&M10M&M& &\z#10%M&M&'()-F
&z#10%M&M&'()-F)6B689::::,:|obU4& &'10%:&:&'()-10k&10k&10k&&
&kS#10%k&&'()-Z &kS#10%k&&'()-Z& &kS#10%k&&'()-Z &Y10%k&&'()-,:0:{::;[;
;|[:bU4& & &S#10%:&:&'()- & f#10%:&:&'()-& &S#10%:&:&'()- &S#10%:&:&'()-&
&f#10%:&:&'()- &10%:&:&'()-;;<U<==>|[:bU4& & &S$!10%:&:&'()-
&"910%:&:&'()-& &`z#10%:&:&'()-9 &Fg#10%:&:&'()-& &S,!10%:&:&'()- &F
10%:&:&'()->`>>>7???|[:bU4& & &l1S#10%:&:&'()- &S/S#10%:&:&'()-&
&9-S#10%:&:&'()- & +g#10%:&:&'()-& &)S#10%:&:&'()-
&&g#10%:&:&'()-?@#@i@@@@@@|obU4&  (10%k&&'()- 10:&:10:&:10:&:&
&9S#10%:&:&'()- &S7!10%:&:&'()-& &5&10%:&:&'()-
&3S#10%:&:&'()-@@AABBB"C|[:bU4&  & f#10%k&&'()- &&@#10%k&&'()-&
&S#10%k&&'()- &S#10%k&&'()-& &lS#10%k&&'()-G &10%k&&'()-"CnCCCJDDD|[:bU4&
& $ 10%k&&'()- & &10%k&&'()-& &&@#10%k&&'()- &lS#10%k&&'()-& &SS#10%k&&'()-
&&L@#10%k&&'()-DD>EEEF[F|[:bU4&  &y1!10%k&&'()-  &&/ 



"10%k&&'()-& &y- 10%k&&'()- &* 10%k&&'()-& &(f#10%k&&'()-
&y&!10%k&&'()-[FFFFGGGG$G|obU4& &3(10%:&:&'()-10k&10k&10k&& &99 10%k&&'()-
&yY7!10%k&&'()-& &&S510%k&&'()- &&&3S#10%k&&'()- $G)GpGGG?HLH|[:bU4& &
&z10%:&:&'()- & @#10%:&:&'()-& &Sy 10%:&:&'()- &`10%:&:&'()-& &SF
10%:&:&'()- &y10%:&:&'()-LHHH&IgIII|[:bU4& & & 10%:&:&'()- &T#10%:&:&'()-&
&@!10%:&:&'()- & 10%:&:&'()-& &@#10%:&:&'()- &@!10%:&:&'()-I>JJJKfKK|[:bU4&
& & (10%:&:&'()- &&T#10%:&:&'()- & &@$!10%:&:&'()- &":!10%:&:&'()-& &
T#10%:&:&'()- &@!10%:&:&'()-KKLIL|LLM|[:bU4& & &4T#10%:&:&'()-
&@f2!10%:&:&'()-& &`010%:&:&'()- &@F.!10%:&:&'()-& &@,10%:&:&'()-
&@&*!10%:&:&'()-MMMMM$MJMXMNvU4& &\S#10%&~&&&'()-F &S10%&~&&&'()-
&Y10%&%&&'()- &'S10%&~&&&'()-10:&:10:&:10:&: &610%:&:&'()-N`NPQPSSSSS|obU4&
&(10%k&&'()-10&~&&10&~&&10&~&&& &"S#10%&~&&&'()-:& S#10%~&&'()-
&S#10%&~&&&'()-  S#10%~&&'()-FSS TTT,T-Tc?bU4&
&(#34tR#&YS#10%k&&'()-&YS#10%k&&'()-&YS#10%k&&'()-&YS#10%k&&'()-
&10%k&&'()--TMTXTbTuTvTT`DbU4&
&(#&YS#10%k&&'()-#34tR#&YS#10%k&&'()-&YS#10%k&&'()-&YS#10%k&&'()-&YS#10%k&&
'()-TTTTTTTcCbU4&
&(#&YS#10%k&&'()-&YS#10%k&&'()-#34tR#&YS#10%k&&'()-&YS#10%k&&'()-&YS#10%k&&
'()-TUU U0U4U5U_CbU4&
&(#&YS#10%k&&'()-&YS#10%k&&'()-&YS#10%k&&'()-#34tR#&YS#10%k&&'()-&YS#10%k&&
'()-5U6U7UWUcUmUU`@bU4&
&(#&YS#10%k&&'()-&YS#10%k&&'()-&YS#10%k&&'()-&YS#10%k&&'()-#34tR#&YS#10%k&&
'()-UUUVZZZZZreX7&  '10%D&&'()- 101&101&101& \S#10%1&&'()-&
S#10%1&&'()-&&YS#10%k&&'()-#34tR#ZZM]]^naoapaqa|[NA4&10D&10D&10D&1 X
S#10%D&&'()- S#10%D&&'()- klS#10%kD&k&'()- alS#10%D&&'()-
10%D&&'()-qaaaabBbb|[:NA4&10  S#10%1&&'()-1 f!10%1&&'()- &s10%1&&'()-
&YS#10%1&&'()- y10%1&&'()- 'y10%1&&'()-bb"cjcccCd|[:NA4&10 &S@#10%1&&'()-1
&9S#10%1&&'()- & @#10%1&&'()- &@#10%1&&'()- &S#10%1&&'()-
&S#10%1&&'()-Cddd#e9e|ee|[:NA4&10 &&@#10%1&&'()-1 f$!10%1&&'()-
"&10%1&&'()-  S#10%1&&'()- sf#10%1&&'()- lf#10%1&&'()-efUfff0gRhSh|[:-4101&
3f#10%1&&'()-Z1 Y1f#10%1&&'()- S/S#10%1&&'()- &-S#10%1&&'()- +S#10%1&&'()-
(S#10%1&&'()-ShThUhdhihhhJibA4101&  S#10%D&&'()- sS#10%D&&'()-
FS#10%D&&'()-Z y10%D&&'()- '10%D&&'()-101&101&Jiii-jwjjk|[:A4101&
9S#10%D&&'()-  S#10%D&&'()- f#10%D&&'()- S#10%D&&'()- S#10%D&&'()-
S#10%D&&'()-k[kkk%lnll|[:A4101& $f#10%D&&'()- "S#10%D&&'()-  @#10%D&&'()-
s@#10%D&&'()- Sl!10%D&&'()- S 10%D&&'()-lmNmmmoYo|[:A4101& 7S#10%D&&'()-
@/S#10%D&&'()-F -@#10%D&&'()- *S#10%D&&'()- (S#10%D&&'()-
&S#10%D&&'()-YoooooooopvU410 y`!10%1&&'()- &F`10%1&&'()- f10%1&&'()-
'10%1&&'()-10D&10D&10D& 9S#10%D&&'()-pPpppp:qq|[:vU410  & S#10%1&&'()-
f!10%1&&'()- &`10%1&&'()- &@#10%1&&'()- & S#10%1&&'()- &y@#10%1&&'()-
qqr@ssss|[:vU410  f(!10%1&&'()- &10%1&&'()- &$-#10%1&&'()-  "@#10%1&&'()-
SS#10%1&&'()-  &&@#10%1&&'()-s3tttuauu|[:vU410  &5@#10%1&&'()-
&s3@#10%1&&'()- &Y1@#10%1&&'()- &@/@#10%1&&'()- &-@#10%1&&'()-
&*@#10%1&&'()-uuCvDvEvFvSvXv"xvU410 z#10%'X&'&'()- 10%'X&'&'()-
'10%'X&'&'()-101&101&101& &9S#10%1&&'()- 7S#10%1&&'()- "x9yaz:};
}<}=}L}Q}vU410 10%D&&'()- '10%D&&'()-10'X&'10'X&'10'X&' 'y#10%'X&'&'()-
f#10%'X&'&'()- pz#10%'X&'&'()-Q}+YZ[\l|obU410 'y10%1&&'()-10D&10D&10D&
~y#10%D&&'()-:3 fy#10%D&&'()-:3 ay#10%D&&'()-:3 y#10%D&&'()-:3lq_;bU410
#3x[ ##10%1&&'()- #10%1&&'()- #10%1&&'()- #10%1&&'()-
y10%1&&'()-dH,4#10%1&&'()- #10%1&&'()- #3x[ ##10%1&&'()- 



#10%1&&'()- #10%1&&'()- #10%1&&'()- $7UdD,4#10%1&&'(#10%1&&'()- #10%1&&'()-
#10%1&&'()- #3x[ ##10%1&&'()- #10%1&&'()- U\]ocC,4#10%1&&'(#10%1&&'()-
#10%1&&'()- #10%1&&'()- #10%1&&'()- #3x[ #(#10%1&&'()- `<,4#10%#3x[
#)#10%1&&'()- #10%1&&'()- #10%1&&'()- #10%1&&'()- #3x[ #789:;
>hM.4#10%1&&'()- #10%1&&'()- #3x[ ##10%1&&'()- #10%1&&'()- #10%1&&'()- 



#10%1&&'()- >vU4 y!10%%&'()-# 10%%&'()- 10%%&'()-0 '10%%&'()-10%10%110%
l#10%%&'()-iI|[:vU4  &lS#10%%&'()- yf!10%%&'()- L 10%%&'()- y !10%%&'()-
10%%&'()- f#10%%&'()- L|[:vU4  "S#10%%&'()- y  10%%&'()- f10%%&'()-
f#10%%&'()- y 10%%&'()- `10%%&'()-!j$|[:vU4  fS/!10%%&'()- L-10%%&'()-
3+f#10%%&'()- )f#10%%&'()- y' 10%%&'()- $f10%%&'()-$lMNOP|[NA410%10%10%
9f#10%%&'()- y7 10%%&'()- 510%%&'()- 3S#10%%&'()- 1f#10%%&'()-P_d5]|[:NA410
10%&&'()- y#10%&&'()- y!10%&&'()- &l 10%&&'()- S10%&&'()-
'10%&&'()-]+u|[:NA410 f@&!10%&&'()- 910%&&'()-  #10%&&'()- y#10%&&'()-
f&!10%&&'()- f!10%&&'()-:TD|[:NA410 -f#10%&&'()- f*!10%&&'()- "y#10%&&'()-3
fy &!10%&&'()- s10%&&'()- Yy#10%&&'()-DpBy|[:-410& y9!10%&&'()- 710%&&'()-
f5y#10%&&'()- L3y#10%&&'()- f31!10%&&'()- /y10%&&'()- mbA410&   10%%&'()-
9"10%%&'()- 9S#10%%&'()- 10%%&'()- '10%%&'()-10&10&9D|[:A410& 9` 10%%&'()-
9Y@#10%%&'()- @ 10%%&'()- 9910%%&'()- 9 @#10%%&'()- "10%%&'()-aU]|[:A410&
9$M10%%&'()- 9"@#10%%&'()- y  10%%&'()-3 910%%&'()- 9S#10%%&'()-
10%%&'()-]1=|[:A410& 9l1-10%%&'()- f/ 10%%&'()- &L-10%%&'()-  +!10%%&'()-
9)"10%%&'()- & 10%%&'()-1w|obU410 '10%&&'()-10%10%10% &9S#10%%&'()-
7!10%%&'()- 95M10%%&'()- 3!10%%&'()-$]|[:bU410   10%&&'()- f#10%&&'()-
f!10%&&'()- Y10%&&'()- S#10%&&'()- 10%&&'()-Y"o|[:bU410  f#10%&&'()-
f#10%&&'()- sf#10%&&'()- SY!10%&&'()- @10%&&'()- f&!10%&&'()-MT,|[:bU410
)f#10%&&'()- 'f#10%&&'()- S$!10%&&'()- "f10%&&'()-  f#10%&&'()-
f#10%&&'()-,s|[:bU410  )f#10%&&'()- 'f#10%&&'()- S$!10%&&'()- "f10%&&'()-
9-10%&&'()- 3+f#10%&&'()- Normal" "Heading 13]c" "Heading 23]c" "Heading
33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading
83]c" "Heading 93]c"A "Default Paragraph
Font#(")07=DJPWp^TelEs<z[ON`>$GShrIhijklmnopqwD    !!p%/)6,:;
>?@"CD[F$GLHIKMNS-TTT5UUZqabCdeShJiklYopqsu"xQ}lU>$P]D],rstuvwxyz{|}~6Times
New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


