
;Z[\]e3eTz~6.Tr Y *159159* , *G00002* - 1  TITLE OF THE INVENTION
PERPENDICULAR MAGNETIC RECORDING MEDIUM AND MAGNETIC RECORDING APPARATUS 5
The present medium used in a particularly, to medium used in a system. 10
Conventiona BACKGROUND OF THE INVENTION invention relates to a recording
magnetic disk apparatus and, more a perpendicular magnetic recording
perpendicular magnetic recording 11y, a magnetic recording apparatus uses a
longitudinal magnetic recording system in which the magnetization direction
in a magnetic recording layer points in the longitudinal direction.
Unfortunately, this longitudinal magnetic recording 15 system has the
problem that if, in order to increase the recording density, the size of
magnetic grains in the recording layer is decreased to improve the medium
Signal to noise ratio, SNR, recorded information disappears owing to
thermal decay. To improve the 20 medium SNR and prevent thermal decay, the
conventional approach is to raise the magnetic anisotropy of the recording
layer. However, the magnetic anisotropy can no longer be raised since the
ease with which a recording head records information must be taken into 25
consideration. This makes it difficult to improve the medium SNR by
reducing medium noise and to improve the thermal decay resistance at the
same time.   r Y - 2  In contrast, in a perpendicular magnetic recording
system in which the magnetization direction in a magnetic recording layer
is perpendicular, magnetic fields which stabilize magnetization interact
with each 5 other in a magnetization transition region. This forms a steep
transition region and increases the recording density. In addition, a
recording layer thickness for obtaining the same recording resolution is
larger than in a longitudinal magnetic recording medium. This is 10 also
advantageous against thermal decay since the magnetic grain volume in the
recording layer can be increased. In case that the recording density of a
bit is small, a large demagnetizing field is formed in a recording bit, and
this increases thermal decay. 15 However, thermal decay is stable at high
density, unlike in a longitudinal magnetic recording medium. Furthermore,
when a perpendicular two-layered film medium having a soft magnetic film
below a perpendicular magnetic recording layer is used, the 20 head
magnetic field can be increased compared to longitudinal magnetic
recording. Hence, a material having large anisotropy can be used as a
medium. For these reasons, the perpendicular magnetic recording system has
attracted attention in recent 25 years. As described above, when compared
to longitudinal magnetic recording, the film thickness of the recording   f
- 3  layer can be increased in perpendicular magnetic recording. However,
if this film thickness is too large, the writing capability of the head is
not satisfactory, so high recording density cannot be 5 accomplished. When
recording density in the future is taken into consideration, however, the
film thickness of the recording layer is preferably at least 50 nm or less,
and more preferably, 30 nm or less. A high SNR of the recording medium can
be also 10 an important characteristic as in the longitudinal magnetic
recording medium. In the longitudinal magnetic recording medium, it is
known as it is effective to decrease the size of magnetic grains forming
the recording layer. It is known as the SNR 



15 can also be effectively raised by decreasing the crystal grain size in
the longitudinal direction and inserting a nonmagnetic layer between
recording layers. Even in a perpendicular magnetic recording medium, as
described in, e.g., Jpn. Pat. Appln. KOKAI Publication 20 No. 7-176027, a
nonmagnetic interlayer is formed between recording layers, and each layer
is epitaxially grown. However, when individual magnetic layers are
epitaxially grown in a perpendicular magnetic recording medium, noise
components are also aligned in these 25 layers, so low noise cannot be
achieved. The influence of this alignment of noise components in the upper
and lower magnetic layers is particularly significant in   - 4  a
perpendicular two-layered film medium capable of ideal perpendicular
magnetic recording. In addition, since the nonmagnetic interlayer is formed
between the upper and lower magnetic layers, these magnetic layers 5 are
magnetically disconnected. Accordingly, the magnetization reversal unit is
small in the film thickness direction, so the medium is vulnerable to
thermal decay. Also, as a perpendicular medium having a stacked structure
using no interlayer, Jpn. Pat. 10 Appln. KOKOKU Publication No. 03-57535
discloses a Co-Cr perpendicular magnetic recording medium whose
signal-to-noise ratio is improved by stacking a plurality of magnetic
layers in which the composition distribution of Cr changes in the film
thickness 15 direction, and by combining this recording medium with a ring
recording head. Unfortunately, the film thickness of this magnetic
recording layer is as large as 100 to 1,000 nm. If this magnetic recording
layer is thin, e.g., 50 nm thick, the Cr composition 20 distribution does
not sufficiently change in the film thickness direction. As a consequence,
the SNR cannot be improved. As described above, in a perpendicular magnetic
recording medium it is desirable to achieve both a high 25 thermal decay
resistance and a high SNR and to decrease the thickness of a magnetic
recording layer.   s - 5  BRIEF SUMMARY OF THE INVENTION The present
invention has been made to solve the above problem, and has as its object
to realize magnetic recording having a high thermal decay 5 resistance and
a high medium SNR. A perpendicular magnetic recording medium according to
the present invention is characterized by comprising a substrate, and a
perpendicular magnetic recording layer which is formed on the substrate
anal in 10 which epitaxial growth is interrupted. A magnetic
recording/reading apparatus according to the present invention is
characterized by comprising a perpendicular magnetic recording medium
having a substrate, and a perpendicular magnetic recording layer 



15 which is formed on the substrate and in which epitaxial growth is
interrupted, driving mechanism for supporting and rotating the magnetic
recording medium, and a single-pole recording head which records 20
information on the magnetic recording medium. Additional objects and
advantages of the invention will be set forth in the description which
follows, and in part will be obvious from the description, or may be
learned by practice of the invention, The objects and 25 advantages of the
invention may be realized and obtained by means of the instrumentalities
and combinations particularly pointed out hereinafter.   Y - 6  BRIEF
DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING The accompanying drawings,
which are incorporated in and constitute a part of the specification,
illustrate presently preferred embodiments of the 5 invention and, together
with the generation description given above and the detailed description of
the preferred embodiments given below, serve to explain the principles of
the invention. FIG. 1 is a view showing a model which represents 10 an
example of the state of a crystal in a magnetic recording layer used in a
magnetic recording medium of the present invention; FIG. 2 is a view
showing a model which represents another example of the state of the
crystal in the 15 magnetic recording layer used in the magnetic recording
medium of the present invention; FIG. 3 is a sectional view showing an
example of the structure of the magnetic recording medium of the present
invention; 20 FIG. 4 is a sectional view showing another example 



of the structure of the magnetic recording medium of the present invention;
FIG. 5 is a schematic view showing an example of the arrangement of a
magnetic recording/reading 25 apparatus of the present invention; FIG. 6 is
a sectional view showing still another example of the structure of the
magnetic recording   n S  medium of the present invention; FIG. 7 is a
sectional view showing still another example of the structure of the
magnetic recording medium of the present invention; and 5 FIG. 8 is a
sectional view showing still another example of the structure of the
magnetic recording medium of the present invention. DETAILED DESCRIPTION OF
THE INVENTION A perpendicular magnetic recording medium of the 10 present
invention has a substrate and a perpendicular magnetic recording layer
formed on the substrate. In this perpendicular magnetic recording layer,
epitaxial crystal growth of magnetic grains is interrupted. In the present
invention, the perpendicular 15 magnetic recording layer has in its film
thickness direction a portion in which epitaxial crystal growth of magnetic
grains is interrupted. This prevents noise generated on one side of the
portion of interruption from matching noise generated on the other side, 20
thereby improving the medium SNR. Also, the perpendicular magnetic
recording layer used in the present invention is not magnetically
disconnected in the film thickness direction, although epitaxial crystal
growth is interrupted in that direction. 25 Accordingly, the thickness in
the film thickness direction of a magnetization reversal unit becomes
sufficient, so a high thermal decay resistance can be    _ g _ obtained.
The perpendicular magnetic recording layer preferably has two or more
layers. The thickness of this perpendicular magnetic 5 recording layer is
preferably 5 to 50 nm, and more preferably, 10 to 30 nm. If this thickness
is less than 5 nm, the magnetization amount in the recording layer is not
sufficient, and this decreases the head output. If an apparatus is
assembled using this 10 recording medium, it is often impossible to obtain
a high error rate. On the other hand, if the thickness exceeds 50 nm, the
writing capability of the head becomes unsatisfactory, and the recording
resolution often drops. 15 An example of the structure in which epitaxial
crystal growth is interrupted is a perpendicular magnetic recording layer
which has first and second magnetic layers in this order on a substrate,
and in which the easy axis of magnetization of the magnetic 20 grains
crystal in the first magnetic layer does not match the easy axis of
magnetization of the magnetic grain crystal in the second magnetic layer.
FIG. 1 is a view showing a model which represents a magnetic recording
medium having two magnetic layers 



25 different in easy axis of magnetization. As shown in FIG. 1, this
magnetic recording medium has a structure in which a bias application layer
2,   - 9  a soft magnetic layer 3, and a magnetic recording layer 6 are
stacked in this order on a substrate 1. Referring to FIG. 1, arrows
represent the axes of easy magnetization. As shown in FIG. 1, this magnetic
5 recording layer 6 includes first and second magnetic layers 4 and 5
having different axes of easy magnetization. A plurality of zones in the
first and second magnetic layers 4 and 5 schematically represent the
crystal sections of magnetic grains grown with 10 inclined crystal
orientations each other. Another example of the structure in which
epitaxial growth is interrupted is a combination of first and second
magnetic layers having different crystal grain sizes of magnetic grains.
The crystal 15 grain size is preferably 5 to 20 nm. The difference between
crystal grain sizes is preferably 2 to 5 nm. FIG. 2 is a view showing a
model which represents a magnetic recording medium having two magnetic
layers different in crystal grain size. 20 As shown in FIG. 2, this
magnetic recording medium has the same structure as FIG. 1 except that a
magnetic recording layer 9 including first and second magnetic layers 7 and
8 different in crystal grain size is formed instead of the magnetic
recording layer 6. 25 This structure in which epitaxial crystal growth is
interrupted can be obtained by making the lattice constant of the second
magnetic layer smaller by 4s or   r - 10  more or larger by 2~ or more than
the lattice constant of the first magnetic layer. In this case, the strain
energy in the interface between the first and second magnetic layers
increases, so the axes of each 5 magnetization in the first and second
magnetic layers are often inclined and do not match. If, however, the
lattice constant of the second magnetic layer falls within the range of -4o
to +20 of the lattice constant of the first magnetic layer, 10 epitaxial
crystal growth is made and axes of each magnetization in the magnetic
layers in the magnetic layers are in the same direction. The structure in
which epitaxial growth is interrupted can also be obtained by forming a
first 15 magnetic layer, exposing the surface of this first magnetic layer
to oxygen to form an oxide layer on the first magnetic layer, and then
forming a second magnetic layer on the oxide layer. In this structure, the
easy axis of magnetization in the second magnetic 20 layer is inclined to
and does not match the easy axis of magnetization in the first magnetic
layer. The depth of the oxide layer is 4 nm or less, preferably, 0.5 to 2
nm. If this depth is larger than 4 nm, the magnetic coupling between the
first and 25 second magnetic layers weakens to make these layers vulnerable
to thermal decay. If the depth is less than 0.5 nm, epitaxial growth often
occurs.    - 11  The lattice constant of the second magnetic layer can be
made smaller by 4% or less or larger by 2% or more than the lattice
constant of the first magnetic layer by using cobalt-based magnetic layers
as these 



5 first and second magnetic layers, adding 5 at% or less of platinum to the
first magnetic layer, and adding 24 at% or more, preferably, 25 to 40 at%
of platinum to the second magnetic layer. It is also possible to use a
stacked structure 10 of three cobalt-based magnetic layers as a magnetic
recording layer, add 24 at% or more, preferably, 25 to 75 at% of platinum
to the first and third magnetic layers, and add 5 at% or less of platinum
to the second magnetic layer. 15 FIG. 3 is a view showing an example of a
magnetic recording medium having a magnetic recording layer in which three
magnetic layers are stacked. As shown in FIG. 3, this magnetic recording
medium has the same structure as FIG. 1 except that a magnetic 20 recording
layer 17 including first, second, and third magnetic layers 14, 15, and 16
different in crystal grain size is formed instead of the magnetic recording
layer 6. Furthermore, in the present invention an 25 interlayer can be
formed between arbitrary layers of two or more magnetic layers. For
example, it is possible to use cobalt-based   S - 12  magnetic layers as
first and second magnetic layers, add 20 at% or less, preferably, 5 to 20
ate of platinum to these first and second magnetic layers, and form between
the first and second magnetic layers an 5 interlayer containing a metal
selected from the group consisting of ruthenium, titanium, and hafnium. In
this magnetic recording layer, the second magnetic layer is grown such that
its easy axis of magnetization is inclined with respect to the easy axis of
10 magnetization in the first recording layer. FIG. 4 is a view showing an
example of a magnetic recording layer in which an interlayer is formed
between first and second magnetic layers. As shown in FIG. 4, this magnetic
recording layer 15 has the same structure as FIG. 1 except that a magnetic
recording layer 13 made up of a first magnetic layer 10 containing, e.g.,
66 ato of Co, 18 ate of Pt, and 16 ato of Cr, an interlayer 11 made of,
e.g., hafnium, and a second magnetic layer 12 having the same 20
composition as the first magnetic layer 10 is formed instead of the
magnetic recording layer 6. It is also possible to use HCP-phase
cobalt-based magnetic layers as the first and second magnetic layers, add
20 at$ or more, preferably, 20 to 30 at% 25 of platinum to these first and
second magnetic layers, and form an interlayer containing bcc-phase
chromium between the first and second magnetic layers. In this 



- 13  magnetic recording layer, the second magnetic layer is grown such
that its easy axis of magnetization is inclined to the easy axis of
magnetization in the first recording layer. 5 An amorphous interlayer made
of, e.g., carbon can be further formed between the first and second
magnetic layers. This makes the crystal grain size of magnetic grains in
the second magnetic layer of the magnetic recording layer different from
that of magnetic grains 10 in the first magnetic layer. Examples of the
material of the perpendicular magnetic recording layer used in the present
invention are a Co-Cr-Pt-based alloy, Co-Cr-Pt-0-based alloy, Fe-Pt regular
alloy, and Co/Pd-Co/Pt-Fe/Pt artificial 15 lattice. Furthermore, in the
perpendicular magnetic recording medium of the present invention, it is
possible to form, between the substrate and the magnetic recording layer, a
bias application layer on 20 the substrate and a soft magnetic layer on
this bias application layer. Examples of the bias application layer are a
Co-Cr-Pt alloy, Co-Sm alloy, Co-Pt-0 alloy, and Fe-Pt alloy. 25 Between the
substrate and the bias application layer, it is possible to form a seed
layer such as Ni-Al, TiN, copper, or Mg0 and an underlayer such as    - 14
a Cr alloy, V alloy, or Ru alloy. Before the perpendicular magnetic
recording layer is formed, it is possible to form a seed layer such as Ti,
Copper, or Mg0 and an underlayer such as Ru or 5 nonmagnetic Co-Cr. A
magnetic recording/reading apparatus of the present invention comprises the
perpendicular magnetic recording medium described above, driving means for
supporting and rotating the magnetic recording medium, 10 and a single-pole
recording head which records information on the magnetic recording medium.
FIG. 5 is a partially exploded perspective view showing an example of the
magnetic recording/reading apparatus according to the present invention. 15
A rigid magnetic disk 121 for recording information according to the
present invention is fitted on a spindle 122 and rotated at a predetermined
rotational speed by a spindle motor (not shown). A slider 123 is attached
to the distal end portion of a 20 suspension 124 which is a thin leaf
spring. The slider 123 has mounted on it a single-pole recording head for
accessing the magnetic disk 121 and recording information on this magnetic
disk 121, and an MR head for recording/reading information. The suspension
124 25 is connected to one end portion of an arm 125 having a bobbin or the
like which holds a driving coil (not shown).   - 15  A voice coil motor l26
which is a kind of a linear motor is attached to the other end of the arm
l25. This voice coil motor 126 comprises a driving coil (not shown) wound
on the bobbin of the arm 125, and 5 a magnetic circuit including a
permanent magnet and 



a counter yoke which oppose each other to sandwich the driving coil. The
arm 125 is held by ball bearings (not shown) farmed in two, upper and lower
portions of a fixed 10 shaft 127 and pivoted by the voice coil motor 126.
That is, the position of the slider 123 on the magnetic disk 121 is
controlled by the voice coil motor 126. Reference numeral 128 in FIG. 5
denotes a lid. The present invention will be explained in more 15 detail
below by way of examples. Example 1 First, a 2.5-inch crystallized glass
substrate was prepared. On this 2.5-inch crystallized glass substrate, a
5-nm-thick Ni-Al seed layer, 10-nm-thick 20 Cr alloy underlayer, and
30-nm-thick Co6gCr12Pt20 alloy longitudinal hard magnetic film were formed
in this order by sputtering. After that, a 150-nm-thick Co-Zr-Nb soft
magnetic film was formed by sputtering on the Co-Cr-Pt alloy longitudinal
hard magnetic film. 25 On this Co-Zr-Nb soft magnetic film, a Ti-alloy seed
layer and an Ru alloy underlayer were formed fox a perpendicular recording
layer. A 15-nm-thick   - 16  Co73Pt5Cr22 alloy film was then formed as a
first perpendicular magnetic layer by sputtering. On this first
perpendicular magnetic layer, a 15-nm-thick second perpendicular magnetic
layer was formed using 5 a Co64Pt24Cr12 target in an oxygen-containing Ar
gas atmosphere. The Pt component of the target was so chosen that the
lattice constant would be larger by 2~ or more than that of the first
perpendicular magnetic layer. Furthermore, 6-nm thick CVD carbon was formed
10 on this second perpendicular magnetic layer, and a perfluoropolyether
lubricant layer was formed by dipping, thereby manufacturing a
perpendicular magnetic recording medium. Finally, the obtained longitudinal
hard magnetic film was magnetized in the radial 15 direction by applying
enough large magnetic field. FIG. 6 is a schematic sectional view showing
the structure of the obtained magnetic recording medium. As shown in FIG.
6, this magnetic recording medium has a structure in which an Ni-Al seed
layer 22, a Cr 20 alloy underlayer 23, a Co-Cr-Pt alloy bias application
layer 24, a Co-Zr-Nb soft magnetic layer 25, a Ti alloy seed layer 26, an
Ru alloy underlayer 27, a first perpendicular magnetic layer 28 made of a
Co73Pt5Cr22 alloy, a second perpendicular magnetic 25 layer 29 made of a
Co64Pt24Cr12 alloy, and a protective layer 30 are stacked in this order by
sputtering on a 2.5-inch crystallized glass substrate 21, and   



S 17 a perfluoropolyether lubricant layer 51 is formed by dip coating on
the protective layer 30 made of CVD. The sectional structure of the
magnetic recording layer including the first and second perpendicular 5
magnetic layers was observed by a transmission electron microscope (TEM).
Consequently, the boundary between the first and second perpendicular
magnetic layers was clear, and epitaxial growth in the film thickness
direction was interrupted in this boundary. In this 10 structure, a
difference was found in the C-axis growth direction, i.e., the axis of easy
crystal magnetization, between HCP structure grains in the second
perpendicular magnetic layer and HCP structure grains in the first
perpendicular magnetic layer. 15 Information was recorded on and reproduced
from the obtained magnetic recording medium by using a single-pole
recording head having a recording track width of 0.4 a m and a GMR
reproduction head having a recording/reading track width of 0.3 ~ m. The
5NR of 20 the medium noise (Nmrms) at 400-kFCI to the isolated read-signal
(So) at 46 kFCI was 23.0 (dB). The obtained results are shown in Table 1.
Comparative Example 1 For comparison, a perpendicular magnetic recording 25
medium was manufactured following the same procedures as in Example 1,
except that only a 30-nm thick first perpendicular magnetic layer was
formed without forming   - 18  any second perpendicular magnetic layer.
When the sectional structure of this film was observed, epitaxial growth
was not interrupted in the film thickness direction of the recording layer.
5 The SNR was as low as 20.5 (dB). The obtained results are shown in Table
1. Comparative Example 2 For comparison, a perpendicular magnetic recording
medium was manufactured following the same procedures 10 as in Example 1,
except that only a 30-nm thick second perpendicular magnetic layer was
formed without forming any first perpendicular magnetic layer. When the
sectional structure of this film was observed, epitaxial growth was not
interrupted in 15 the film thickness direction of the recording layer. The
SNR was as low as 20.3 (dB). The obtained results are shown in Table 1.
Comparative Example 3 For comparison, a perpendicular magnetic recording 20
medium was manufactured following the same procedures 



as in Example 1, except that a Co~3Pt15Cr12 alloy layer was formed as a
first perpendicular magnetic layer by sputtering such that its lattice
constant was substantially equal to that of a second perpendicular 25
magnetic layer. When the sectional structure of this film was observed,
epitaxial growth was not interrupted in    - 19  the film thickness
direction of the recording layer. The SNR was as low as 20.2 (dB). The
obtained results are shown in Table 1. Comparative Example 4 5 For
comparison, a perpendicular magnetic recording medium was manufactured
following the same procedures as in Example 1, except that a Co6gPt2pCr12
alloy layer was formed as a first perpendicular magnetic layer by
sputtering such that its lattice constant was 10 substantially equal to
that of a second perpendicular magnetic layer. When the sectional structure
of this film was observed, epitaxial growth was not interrupted in the film
thickness direction of the recording layer. 15 The SNR was as low as 20.4
(dB). The obtained results are shown in Table 1. Example 2 A perpendicular
magnetic recording medium was manufactured following the same procedures as
in 20 Example 1, except that a second perpendicular magnetic layer was
formed by removing Cr from the second perpendicular magnetic layer material
so that the lattice constant of this second perpendicular magnetic layer
was larger by +2% or more than that of a first 25 perpendicular magnetic
layer. When the sectional structure of this film was observed, epitaxial
growth was interrupted in the film   - 20  thickness direction of the
recording layer. The SNR was 23.3 (dB). The obtained results are shown in 



Table 1. Example 3 5 A perpendicular magnetic recording medium was
manufactured following the same procedures as in Example 1, except that a
second perpendicular magnetic layer was formed by adding 18 at% of Cr so
that the lattice constant of this second perpendicular magnetic 10 layer
was larger by +20 or more than that of a first perpendicular magnetic
layer. When the sectional structure of this film was observed, epitaxial
growth was interrupted in the film thickness direction of the recording
layer. The SNR 15 was 23.5 (dB). The obtained results are shown in Table 1.
Example 4 A 2.5-inch crystallized glass substrate was prepared. On this
substrate, a 5-nm thick Ni-A1 seed 20 layer, 5-nm-thick Cr alloy
underlayer, and 40-nm thick Co6gCr18Pt16 alloy longitudinal hard magnetic
film were formed in this order by sputtering. The obtained longitudinal
hard magnetic film was magnetized in the radial direction. After that, a
150-nm-thick Co-Zr-Nb 25 soft magnetic film was formed on the longitudinal
hard magnetic film by sputtering. On this Co-Zr-Nb soft magnetic film, a Ti
alloy seed layer and an Ru alloy   - 21  underlayer were formed for a
perpendicular recording layer. A 15-nm-thick Co-Pt-Cr-O film was then
formed as a first perpendicular recording film by sputtering in an
oxygen-containing Ar gas atmosphere by using a 5 Co6gPt2pCr16 alloy target.
On this first perpendicular recording film, an RugOTilO alloy interlayer
having a thickness of 3 nm or less was formed. The lattice constant of this
interlayer was larger by 20 or more than that of the first magnetic film.
On this 10 interlayer, a 15-nm-thick Co62Pt2pCrlg alloy film was directly
formed as a second perpendicular magnetic layer. The lattice constant of
this second perpendicular magnetic film was smaller by 4.05o than that of
the interlayer. Furthermore, 6-nm-thick CVD 15 carbon was formed on this
second perpendicular magnetic layer by sputtering. Finally, a
perfluoropolyether lubricant layer was formed by dip coating to manufacture
a perpendicular magnetic recording medium. FIG. 7 is a schematic sectional
view showing the 20 structure of the obtained magnetic recording medium. As
shown in FIG. 7, this magnetic recording medium has the same structure as
Example 1, except that on an Ru alloy underlayer 27, a Co64Pt2pCrl6 alloy
first perpendicular magnetic layer 31, an RugOTilO alloy 25 interlayer 32,
and a Co6gPt2pCr18 alloy second perpendicular magnetic layer 33 are formed
instead of the first and second perpendicular magnetic layers 28   - 22
and 29. The sectional structure of this film was observed by the TEM.
Consequently, in the position of film thickness which was presumably the
boundary between the 



5 first and second magnetic films, the crystal boundary was clear and
epitaxial crystal growth was interrupted between the upper and lower
magnetic films. The SNR of the medium noise (Nmrms) at 400-kFCI to the
isolated read-signal (So) at 46 kFCI was 10 23.3 (dB). The obtained results
are shown in Table 2. Comparative Example 5 As a comparative example, a
perpendicular magnetic recording medium was manufactured following the same
procedures as in Example 4, except that a Cu interlayer 15 was used instead
of the Ru9pTi10 alloy interlayer so that the lattice constant of this
interlayer fell within 1s of that of a first perpendicular magnetic layer
and the lattice constant of a second perpendicular magnetic layer was
within 4~ of that of 20 the interlayer. When the sectional structure of
this film was observed by the TEM, the first and second magnetic films were
epitaxially grown. The SNR of the medium noise (Nmrms) at 400-kFCI to 25
the isolated read-signal (So) at 46 kFCI was as low as 20.6 (dB). The
obtained results are shown in Table 2.   - 23  Example 5 A perpendicular
magnetic recording medium was manufactured following the same procedures as
in Example 4, except that Hf by which the lattice constant 5 of an
interlayer was different by 200 or more from that of a second recording
layer was used instead of the RgOTilO alloy interlayer. When the sectional
structure of this film was observed by the TEM, the axes of easy
magnetization in 10 the first and second magnetic films did not match. The
SNR of the medium noise (Nmrms) at 400-kFCI to the isolated read-signal
(So) at 46 kFCI was 23.9 (dB). In addition, a lowering of the coercive
force of the magnetic recording layer was significant. The obtained 15
results are shown in Table 2. 



Example 6 A perpendicular magnetic recording medium was manufactured
following the same procedures as in Example 4, except that 2-nm-thick Cr
having a BCC 20 structure Hf by which the lattice constant of an interlayer
was different by 2.18 from that of a second recording layer was used
instead of the RugOTilO alloy interlayer. When the sectional structure of
this film was 25 observed by the TEM, the normal directions of the fine
surfaces of the first and second perpendicular magnetic layers, i.e., the
axes of easy magnetization in these   - 24  first and second perpendicular
magnetic layers were different. The SNR of the medium noise (Nmrms) at
400-kFCI to the isolated reproduced-signal (So) at 46 kFCI was 5 23.2 (dB).
The obtained results are shown in Table 2. Example 7 A perpendicular
magnetic recording medium was manufactured following the same procedures as
in Example 4, except that amorphous C formed by sputtering 10 was used
instead of the RugOTilO alloy interlayer. When the sectional structure of
this film was observed by the TEM, the crystal grain sizes of the first and
second perpendicular magnetic layers were different. 15 The SNR of the
medium noise (Nmrms) to the reproduced solitary at 400-kFCI wave (SO) was
23.6 (dB). The obtained results are shown in Table 2. When the amorphous
material was used as an interlayer, a difference was found between the
crystal 20 grain sizes of the first and second magnetic layers. When this
crystal grain size difference is found, a zigzag shape of magnetization
transition in the first magnetic layer differs from that in the second
magnetic layer. Accordingly, noise components are not equalized 25 but
averaged, and this improves the SNR. 



Example 8 A perpendicular magnetic recording medium was   - 25
manufactured following the same procedures as in Example 4, except that
after a first perpendicular magnetic layer was formed, the resultant
structure was exposed to an oxygen gas atmosphere to form an oxide 5 layer
on the first perpendicular magnetic layer, and then a second recording
layer having the same composition as the first perpendicular magnetic layer
was formed. When the sectional structure of this film was 10 observed by
the TEM, the crystal axes of easy magnetization in the first and second
perpendicular magnetic layers were different. The SNR of the medium noise
(Nmrms) at 400-kFCI to the isolated reproduced-signal (So) at 46 kFCI was
15 23.l (dB). The obtained results are shown in Table 2. Example 9 A
5-nm-thick Ni-A1 seed layer, 5-nm-thick Cr alloy underlayer, and
50-nm-thick Co64Cr2pPt16 alloy longitudinal hard magnetic film were formed
in this 20 order on a 2.5-inch crystallized glass substrate by sputtering.
The obtained longitudinal hard magnetic film was magnetized in the radial
direction. A 150-nm-thick Co-Zr-Nb soft magnetic film was formed on the
longitudinal hard magnetic film. On this soft 25 magnetic film, a Ti alloy
seed layer as a perpendicular recording layer and an Ru alloy underlayer
were formed. A 12-nm-thick Co-Pt-Cr alloy film was then formed as   - 26  a
first perpendicular magnetic layer by using a Co6gPt2pCr12 alloy target. On
this first perpendicular magnetic layer, a 5-nm-thick Co74Pt5Cr2pB1 alloy
film was formed as a second magnetic layer. Furthermore, 5 a 12-nm-thick
Co55Cr21Pt24 alloy film was formed as a third perpendicular magnetic layer
on the second magnetic layer. Finally, 6-nm-thick CVD carbon was formed on
the third perpendicular magnetic layer, and a perfluoropolyether lubricant
layer was formed by 10 dipping to manufacture a perpendicular magnetic
recording medium. FIG. 8 is a schematic sectional view showing the
structure of the obtained magnetic recording medium. As shown in FIG. 8,
this magnetic recording medium 15 has the same structure as Example 4,
except that on an Ru alloy underlayer 27, first, second, and third
perpendicular magnetic layers 35, 36, and 37 are formed instead of the
first and second perpendicular magnetic layers 28 and 29. 20 The lattice
constant of the second perpendicular magnetic layer was smaller by 1.63o
than that of the first perpendicular magnetic layer. The lattice constant
of the third perpendicular magnetic layer was larger by 2.10% than that of
the second perpendicular 25 magnetic layer. The sectional structure of the
first to third perpendicular magnetic layers was observed, and no    - 27
interruption of growth was found between the first and second recording
layers. However, epitaxial growth was interrupted between the second and
third magnetic films. The results are shown in Table 3. 5 Comparative
Example 6 For comparison, a perpendicular magnetic recording medium was
manufactured following the same procedures as in Example 9, except that a
Co64Pt2pCr16 alloy layer was used as a first perpendicular magnetic layer
and 



10 a Co62Pt22Cr16 alloy layer was used as a second perpendicular magnetic
layer such that the lattice constant of this second perpendicular magnetic
layer fell within 2% of those of the first perpendicular magnetic layer and
a third perpendicular magnetic 15 layer. When the sectional structure of
the first to third perpendicular magnetic layers was observed, epitaxial
growth was found between the first to third perpendicular magnetic layers.
20 The SNR of the medium noise (Nmrms) at 400-kFCI to the isolated
read-signal (So) at 46 kFCI was as low as 20.4 (dB). The results are shown
in Table 3.   Table 1 Target compositionTarget compositionLattice
constantInterruptSNRmand film thicknessand film thicknessdifferenceion
of(dB)of first magneticof second magnetic(=
second/first)epitaxialfilmfilmgrowthExample 1Co~3Pt5Cr215 nmCo64Pt24Cr 215
nm2.1oFound23.0ComparativeNotCo~3Pt5Cr2230 nmNot found0Not found20.5Example
1foundComparativeNotNot foundCo64Pt24Cr1230 nm0Not found20.3Example
2foundComparativeCo~3Pt15Cr1215 nmCo64Pt24Cr1215 nm0.98%Not
found20.4Example 3ComparativeCo6gPt2pCr1215 nmCo64Pt24Cr1215 nm0.44oNot
found20.4Example 4Example 2Co~3Pt5Cr2215 nmCod Pt2415
nm2.1oFound23.3Example 3Co~3Pt5Cr15 nmCo58Pt 4Cr g15 nm2.OoFound23.5 N
Table 2 Target compositionInterlayerTarget compositionhattice
constantInter-SNf~nand film thiclmessand film thiclmessdifferenceruptionof
first magneticof second magnetic(_(=
second/offilmfilminterlayer/interlayer)epitaxialfirst)growthExample 4Co6 Pt
Crl615 nmRug0Ti13 nmCo62Pt 0Cr 815
nm4.79$-4.57$Found23.3ComparativeC64~20Cr1615 nmCu3 nmCo62Pt20Cr1815
nm0.14$-0.14$Not found20.6Example 5Example 5Co6 ~20Cr1615 nmHf3 nmCo62Pt
0Cr15 nm22.5$-18.4$Found23.9Example 6Co64Pt20Cr1615 nmCr2 nmCo6 Pt20Cr1815
nm-2.1o2.18Found23.2AmorphousExample 7Co64Pt20Cr1615 nm3 nmCo62~20Cr1815
nm--Found23.6CExposure toExample 8Co64Pt20Cr1615 nmCo64Pt20Cr1615
nm--Found23.1oxygen N   Table 3 Target compositionTarget compositionTarget
compositionLattice constantInter-SN~nand film thiclalessand film
thiclmessand film thiclmessdifferenceruption ofof first magneticof second
magneticof third magnetic(= second/(=
third/epitaxialfilmfilmfilmfirst)second)growthExample 9Co6gPt20Cr112
nmCo74Pt5Cr OB5 nmCo55Pt Cr 112
nm-1.63$2.10$Found23.6ComparativeCo64Pt20Cr1612 nmCo62Pt22Cr165
~C55~24Cr2112 nm-0.87$1.32$Not found20.4Example 6 w 0    - 31  In the
present invention as described above, magnetic recording can be performed
with a high thermal decay resistance and a high medium SNR. Also, the
present invention can increase the thermal decay 5 resistance and medium
SNR of a magnetic recording medium even when the film thickness of a
magnetic recording layer is as small as 50 nm or smaller. Additional
advantages and modifications will readily occur to those skilled in the
art. Therefore, 10 the invention in its broader aspects is not limited to
the specific details and representative embodiments shown and described
herein. Accordingly, various modifications may be made without departing
from the spirit and scope of the general inventive concept as 



15 defined by the appended claims and their equivalents.   ., , - 32  WHAT
IS CLAIMED IS: 1. A perpendicular magnetic recording medium comprising a
substrate, and a perpendicular magnetic recording layer which is formed on
said substrate and 5 in which epitaxial growth is interrupted. 2. A medium
according to claim 1, wherein said perpendicular magnetic recording layer
comprises two or more magnetic layers. 3. A medium according to claim 2,
wherein said 10 perpendicular magnetic recording layer comprises a first
magnetic layer, an interlayer formed on said first magnetic layer, and a
second magnetic layer formed on said interlayer. 4. A medium according to
claim 2, wherein said 15 perpendicular magnetic recording layer comprises a
first magnetic layer, and a second magnetic layer which is formed on said
first magnetic layer and in which the easy axis of magnetization of
magnetic grains does not match the easy axis of magnetization of 20
magnetic grains in said first magnetic layer. 5. A medium according to
claim 4, wherein said second magnetic layer is formed after said first
magnetic layer is exposed to oxygen. 6. A medium according to claim 4,
wherein the 25 lattice constant of said second magnetic layer is smaller by
not less than 4o or larger by not less than 2% than the lattice constant of
said first magnetic   - 33  layer. 7. A medium according to claim 6,
wherein said first and second magnetic layers are cobalt-based magnetic
layers, said first magnetic layer contains not 5 more than 5 ate of
platinum, and said second magnetic 



layer contains not less than 24 ate of platinum. 8. A medium according to
claim 6, further comprising a third magnetic layer formed on said second
magnetic layer, wherein said first, second, and third 10 magnetic layers
are cobalt-based magnetic layers, said first and third magnetic layers
contain not less than 24 at% of platinum, and said second magnetic layer
contains not more than 5 at% of platinum. 9. A medium according to claim 4,
wherein said 15 first and second magnetic layers are cobalt-based magnetic
layers and contain not more than 20 ate of platinum, and said perpendicular
magnetic recording medium further comprises an interlayer formed between
said first and second magnetic layers and containing 20 a metal selected
from the group consisting of ruthenium, titanium, and hafnium. 10. A medium
according to claim 4, wherein said first and second magnetic layers are
cobalt-based magnetic layers and contain not less than 20 ate of 25
platinum, and said perpendicular magnetic recording medium further
comprises an interlayer formed between said first and second magnetic
layers and containing    - 34  chromium. 11. A medium according to claim 2,
wherein said perpendicular magnetic recording layer includes a first
magnetic layer, and a second magnetic layer which is 5 formed on said first
magnetic layer and in which the crystal grain size of magnetic grains is
different from the crystal grain size of magnetic grains in said first
magnetic layer. 12. A medium according to claim 1, further 10 comprising an
amorphous interlayer between first and second magnetic layers. 13. A medium
according to claim 1, further comprising, between said substrate and said
perpendicular magnetic recording layer, a bias 15 application layer formed
on said substrate and a soft magnetic layer formed on said bias application
layer. 14. A magnetic recording/reading apparatus comprising: 



a perpendicular magnetic recording medium having 20 a substrate, and a
perpendicular magnetic recording layer which is formed on said substrate
and in which epitaxial growth is interrupted; driving means for supporting
and rotating said magnetic recording medium; and 25 a single-pole recording
head which records information on said magnetic recording medium. 15. An
apparatus according to claim 14, wherein   - 35  said perpendicular
magnetic recording layer comprises not less than two magnetic layers. 16.
An apparatus according to claim 15, wherein said perpendicular magnetic
recording layer comprises 5 a first magnetic layer, an interlayer formed on
said first magnetic layer, and a second magnetic layer formed on said
interlayer. 17. An apparatus according to claim 15, wherein said
perpendicular magnetic recording layer comprises 10 a first magnetic layer,
and a second magnetic layer which is formed on said first magnetic layer
and in which the easy axis of magnetization of magnetic grains does not
match the easy axis of magnetization of magnetic grains in said first
magnetic layer. 15 18. An apparatus according to claim 17, wherein said
second magnetic layer is formed after said first magnetic layer is exposed
to oxygen. 19. An apparatus according to claim 17, wherein the lattice
constant of said second magnetic layer is 20 smaller by not less than 40 or
larger by not less than 2o than the lattice constant of said first magnetic
layer. 20. An apparatus according to claim 19, wherein said first and
second magnetic layers are cobalt-based 25 magnetic layers, said first
magnetic layer contains not more than 5 ate of platinum, and said second
magnetic layer contains not less than 24 at% of platinum.   - 36  



21. An apparatus according to claim 19, further comprising a third magnetic
layer formed on said second magnetic layer, wherein said first, second, and
third magnetic layers are cobalt-based magnetic layers, said 5 first and
third magnetic layers contain not less than 24 ato of platinum, and said
second magnetic layer contains not more than 5 ate of platinum. 22. An
apparatus according to claim 17, wherein said first and second magnetic
layers are cobalt-based 10 magnetic layers and contain not more than 20 ato
of platinum, and said perpendicular magnetic recording medium further
comprises an interlayer formed between said first and second magnetic
layers and containing a metal selected from the group consisting of 15
ruthenium, titanium, and hafnium. 23. An apparatus according to claim 17,
wherein said first and second magnetic layers are cobalt-based magnetic
layers and contain not less than 20 at% of platinum, and said perpendicular
magnetic recording medium further comprises an interlayer formed between
said first and second magnetic layers and containing chromium. 24. An
apparatus according to claim 15, wherein said perpendicular magnetic
recording layer includes i a first magnetic layer, and a second magnetic
layer which is formed on said first magnetic layer and in which the crystal
grain size of magnetic grains is   - 37  different from the crystal grain
size of magnetic grains in said first magnetic layer. 25. An apparatus
according to claim 14, further comprising an amorphous interlayer between
first and 5 second magnetic layers. 26. An apparatus according to claim 14,
further comprising, between said substrate and said perpendicular magnetic
recording layer, a bias application layer formed on said substrate and a
soft magnetic 10 layer formed on said bias application layer. .A39.A 3_.A
_.AsR.A3.A _.A3r.A3 .A.A3U .A.A3.A .A.As`.A.AF
.A.A.AsL.Ass.As.A.As.A.As`.As ?A. A.A.[.As?.A.As.A.As`.A`.Aue&~"U+8 r  



w y
Crqrzupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]c a]c
a!]028W5l5}xsnid_Z]c]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!5m*X{ BzHJPS
@w|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!w. O
4!K!|!!!!!":"<">"?"p##e$f$$$!%"%&&&m'|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!m'n
't'.(3)h)***u+
,u,{,-y.../i00Z1[111111333:4U4V46|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]caU]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!6777787
?7q7778I8}8888699:S:|:::
;T;;;;;;;<E<G<N<}xsnid^Y]]caU]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!N<'=(=W=Q>>>K?????~@@@bA
cAxAyAAAABBBBCDD2D3DDEF}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!FFFFFGGHGoGGGHHH]
IiJ
KKKKKLRLLLLM2MeMMMN6NfNN}xsnid_Z]]]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]ca]ca]ca]ca]ca]ca!NNNN+O=O>O`O6PnP
PPPPPQRRRSSTTTIUJU\V^VaVmVnViWWW}wqlgb]X]]ca]ca]ca]ca]caU]caU]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]ca!WnXhYZZ
Z[[[[\+\,\O\\\\\]Q]]]]^'^(^K^^^^^_Q_#`}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!#`
6`d`r`s`````a"a8amaab?bxbbbbbbcVclcvcccddd,e:e;
e}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!;efemeeeee
glgzg{gghhJhhhh"iii3j:j@jAjHkpkqkllLlll{m}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
!{m|mmnOnnnnoo(o)oooop3pkpppppq6qfqqqqrMrNrUrrr}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!rrrrUsbscshsssssstTttttttt5uCuDuouuuuuu"vXvvv|wrmhc^Y]]]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]ca]ca
]ca]ca]ca]ca!vv/wPwZwwwwx%x&xVxxxxxxxxy9yryyyyyyzVz`zzzz${%{}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!%{-{[{{{{{*|`||||||}}~:~A~k
MNX_fz}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!zJ\]3|}e;
nExq)+.67J}xsmhc^Y]]]ca]ca]ca]caU]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!JQRY!UU$`el)*Ds$EGY}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]c
a]ca]ca]ca]ca]ca]ca]ca]ca!:k*aho@qCy:
}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! >`-OPcMNd;
qIJf}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!DK
*+As+)_$X_7WZk}xsnid_Z]]]]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]ca]ca]ca!krGCzGl;
]^qKCx]}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!]GCzGl;
]^qKCx]}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~{Y:ny10%<&'()-3 !ny10%<<&'()-3
!hl%10%\\&'()-!0l%10%$$&'()-!l%10%<<&'()-310%<&'()-`hp^?`&"10%<&'()-S!`&"10
%<<&'()-S`!10%<&'()-S!`!10%<<&'()-Sy10%<&'()-3 sM10%<&'()-z"UrS4q
810%(&'()-910%(&'()- 310%(&'()-M 10<< 10<< 10<<!LS/"10%<<&'()-9!LS/"10%
&'()-9U+ 8  r}[9rS4!s#10%11&'()-  !s#10%((&'()-
s3"10%&'()-f!s3"10%((&'()-f"10%(&'()-!d"10%DD&'()-r  t u v w wi[M4!s#10% 10
10 



10!Y 8310%&'()-!`3f 10%((&'()-!`' 10%((&'()-3 !`' 10%((&'()-3 w y
EC>z[9M4!s!10%ii&'()-3 Y 10%(&'()-!s !10%S(S(&'()-!|
!10%\q\q&'()-L10%(&'()-!a  10%A(A(&'()-`>rLW^<.4 10((!s1-#10%((&'()-K
!s1-#10%((&'()-K { @/%10%(&'()-s%#10%&'()-S!s%#10%((&'()-Ss!10%&'()-3 aB4
10((! "10%#&'()-S! "10%&'()-S3!10%>&'()-z!n3!10%&'()-z`10%&'()- 10((
10((]-zX6B4
10!s2-#10%&'()-!s2-#10%{{&'()-!%"10%&'()-!%"10%&'()-!10%&'()-S!!10%&'()-S-.
/028WxY: 10!  m10%@&'()- 10%@&'()-10%@&'()-`10%@&'()-3910%@&'()-` 10 10
105ldExY: 10!   10%@&'()- @10%@&'()- `'10%@&'()- 10%@&'()-Y10%@&'()-
10%@&'()-5mdExY: 10! $"10%@&'()- "10%@&'()-  10%@&'()- 10%@&'()- 



10%@&'()-10%@&'()-*X{ dExY: 10!  /10%@&'()--10%@&'()- ,f10%@&'()-
&*10%@&'()- F( 10%@&'()- f&10%@&'()- BzEFGdE:/  10@ 10@ S;10%@&'()-
s910%@&'()-7:10%@&'()- 5'10%@&'()- 310%@&'()- 110%@&'()-GHJPuV7/  10@
L10%(&'()- l 10%(&'()- 10%(&'()-S10%(&'()-s10%(&'()-! 10%h(h(&'()-M 10@S
@dE7/  10@ L@ 10%(&'()- 10%(&'()- 10%(&'()- 10%(&'()-
10%(&'()-3,"10%(&'()-@w. O dE7/  10@ Ll %10%(&'()-##10%(&'()- 



"310%(&'()- , 10%(&'()- L910%(&'()- l10%(&'()-O     4!K!dE7/  10@ L
0910%(&'()- /f10%(&'()-s9--#10%(&'()-l Y+ 10%(&'()- y)10%(&'()-l
''10%(&'()-K!|!!!"7"8"9":"dYNC  10@ L 10( 10( 10(l l:Z10%(&'()-Y
8'10%(&'()-s610%(&'()- 410%(&'()-l 210%(&'()-:">"?"`""p##~\:YNC  10@!p
910%==&'()-!dF!10%11&'()-'!iF!10%66&'()-' nF!10%;E;
&'()-'10%&'()-310%&'()-M##$$%&&}^<YNC  10@!!/ "10%&'()-:##10%X&'()-
!##10%&'()-   "M10%&'()-!"10%&'()-s 910%&'()-&j'k'l'm'n't'''uT3  1
d310%1I1&'()-g [310%(v(&'()-g`10%&'()-3 10%&'()-L 10 10 



10!/ "10%&'()-:'.((3)h))*}[<uT3  1 dV!10%0&'()-j!V!10%&'()-j l10%&'()-
s!10%&'()-S! s!10%&'()-S![310%&'()-g**u++ ,r,s,t,zXJ<3  1 d 10 10!
8F10%&'()-2"10%=&'()-!2"10%&'()-!%s!10%&'()-'!%s!10%&'()-'t,u,{,I--L.y.=/oP
.3!l`!10%VV&'()-4 "10%zU&'()-T!"10%jj&'()-T3 "10%z&'()-z!n3
"10%&'()-zs10%z&'()- 10=//30i00;111}[9+3 10!0#10%&'()-G !0#10%&'()-G
/10%z&'()-'@#10%z&'()-s!'@#10%nn&'()-s!l`!10%ss&'()-4 11111233^<3
10!!"10%&'()-4 !s3!10%@@&'()-  !`3!10%--&'()-  m10%&'()-!3 10%PP&'()-L 10
103:4456647zX6<3 10!0"10%&'()-Z !0"10%&'()-Z , Z"10%&'()-!, Z"10%&'()-!,
Z"10%&'()-!"10%CC&'()-4 4757677787?7q777xY:0! F z10%@&'()- fg10%@&'()-
10%@&'()-&s10%@&'()-&10%@&'()-M 10 10 1078I8}8888dExY:0! 



10%@&'()- z10%@&'()-  10%@&'()- 10%@&'()-F!10%@&'()-
&g10%@&'()-8699:S:|::dExY:0! l S)m10%@&'()- s'10%@&'()-
%10%@&'()-#"10%@&'()- F310%@&'()-f 10%@&'()-:: ;T;;;;dExY:0!  410%@&'()-
2F10%@&'()- 010%@&'()- .10%@&'()-- "10%@&'()- 3+ 10%@&'()-;
;<B<C<D<E<G<N<bC0!&m10%T&'()-3'10%T&'()-M 10@ 10@ 10@ F:10%@&'()-
f810%@&'()-s6!10%@&'()-N<=W==">Q>>z[9bC0!!l#10%HH&'()-T-#10%T&'()-z!-#10%ee
&'()-z!-#10%eded&'()-z3"10%T&'()-z!n3"10%&'()-z>K???@~@AzX6bC0!s0"10%\\&'()
-Z !'#10%`L`L&'()-S!'#10%````&'()-S!'#10%``&'()-S
%10%T&'()-!l#10%T,T,&'()-TAAAAAAAxBBuS403s"10%g&'()-y!|3s"10%&'()-y&sm10%g&
'()- '10%g&'()-L 10WW 10WW 10WW!s0"10%WW&'()-Z
BBCCDBEE}[9uS40!%!10%sRsR&'()-3 !%!10%[[&'()-3
!F"10%gg&'()--#10%g5&'()-|!#10%eReR&'()-| 10%g&'()-EEFFFFFFFrS20 |
s"10%&'()-fsm10%T&'()-'10%T&'()-M 10`` 10`` 10``!0!10%``&'()-Y
!0!10%jj&'()-Y 



FZGoG?HH2I]IzX9rS20 |!10%T8&'()-!!10%\\&'()-!"10%`B`B&'()-F !"10%WW&'()-F
s"10%TJ&'()-f!x s"10%&'()-f]IIiJ:KKKKKwi[M20 |!10% 10`` 10``
10``!s."10%``&'()-&!s."10%jj&'()-&!s%-#10%TT&'()-S!s%-#10%j0j0&'()-SKKKLRLL
LdEM20 | @ 10%&'()- &10%&'()- 3 310%&'()- S310%&'()-Y
`m10%&'()-`m10%&'()-LLM2MeMMMdEM20 | F 10%&'()-f 10%&'()- 310%&'()-l
10%&'()- 310%&'()- s10%&'()-MN6NfNNNNdEM20 |l s'10%&'()-Y
%10%&'()-#10%&'()-l !z10%&'()- 10%&'()- &10%&'()-NN+O`O6PnPPdEM20 |
S810%&'()-ss6s!10%&'()-l .`10%&'()-s-10%&'()-  +10%&'()-l
@)G10%&'()-PPPPPPQQR~_=0 |!"10%xx&'()-T  10%z&'()-z!x  10%&'()-zm10%z&'()-
10 10 10l 3:10%&'()-RRSSSPTT^<~_=0
|!%@#10%zz&'()-S!%@#10%&'()-SL#10%z&'()-t!L#10%nn&'()-t
l+10%z&'()-"10%z&'()-TTUU)VYVZV[V\Vwi[M=0 |!%@#10 10ZZ 10ZZ
10ZZ!/-#10%ZZ&'()-'!/-#10%&'()-'!/-#10%}}&'()-'!/-#10%xx&'()-'\V^VaVV/WiW;
XwX6M=0 !"10%&'()-S"10%&'()-z!"10%@@&'()-z!|"10%66&'()-z!l10%&'()-!aF
10%&'()-L;XnX:YhYZZZ}[<M=0 !Y
2Z10%&'()-!s%"10%&'()-!s%"10%&'()-Y!10%N&'()-S!Y!10%&'()-S"10%&'()-SZ[[[[[[
[\uV70 ! fl10%z&'()- m10%z&'()-m10%z&'()- 10:: 



10:: 10::!s6-#10%::&'()-Y 2Z10%&'()-\O\\\\\]dEuV70 ! fl F10%z&'()-
10%z&'()- 10%z&'()-3!10%z&'()- 9@10%z&'()- F 10%z&'()-]Q]]]]^K^dEuV70 ! fl
!10%z&'()-l  10%z&'()- L10%z&'()- l 10%z&'()-y"10%z&'()-
10%z&'()-K^^^^^_Q_dEuV70 ! fl&-!10%z&'()- F+F10%z&'()- f)10%z&'()-
'10%z&'()- %10%z&'()-#:!10%z&'()-Q__#`6`d`````dYNC0 ! f 10z 10z 10z
Y:10%z&'()-l f810%z&'()-6M10%z&'()- / 10%z&'()- / 10%z&'()-````a"a8adEYNC0
! f l 10%T&'()- 3 10%T&'()- S10%T&'()-
s@10%T&'()-`l10%T&'()-'10%T&'()-M8amaab?bxbbdEYNC0 ! f 



l Fg10%T&'()-f!10%T&'()- 10%T&'()-  10%T&'()-l 10%T&'()-
"10%T&'()-bbbcVclcvcdEYNC0 ! f Y s'10%T&'()- %10%T&'()-#"10%T&'()-
!@10%T&'()-  10%T&'()-Y &10%T&'()-vcccddd,edEYNC0 ! f Y
S810%T&'()-ss6@10%T&'()-l .10%T&'()-ss-"10%T&'()-l 3+:10%T&'()-Y
S)10%T&'()-,ecedeeefemeeeebC0 ! f 3 F10%&'()- @10%&'()- `y10%&'()-L10%&'()-
10T 10T 10T 3:10%T&'()-eef g>glgg^?bC0 ! 10%&'()-! 3Y10%yy&'()-
3Y10%&'()-"10% &'()-3 !"10%&'()-3 l 10%&'()-ghhhJhh"iaBbC0 ! . 10%&'()-!
+"10%}}&'()-Y `'M10%&'()-Y `'M10%  



&'()- %Y10%&'()-#10%&'()-"iii0j1j2j3j:jkb@0 !! s"10%&'()-ysm10%&'()- 10 10
10l @810%&'()-sL6"10%&'()- 210%n&'()-kHklLlmmn}[<b@0 !l
3+10%&'()-!3#10%xx&'()-!3#10%&'()-!10%&'()-f!!10%nn&'()-f
s"10%&'()-ynOnnoooooo}oaS40 &sm10%z&'()- 10%% 10%% 10%%!s0@#10%%%&'()-K
!s0@#10%))&'()-K P .^10%&'()-s-M!10%&'()-oop3pkpppdEaS40 &sm10
10%z&'()-3s!10%z&'()- & 10%z&'()- Y Z10%z&'()- f10%z&'()-
10%z&'()-pq6qfqqqqdEaS40 &sm10l &Z10%z&'()- F10%z&'()-fZ"10%z&'()-
10%z&'()- y10%z&'()- 910%z&'()-qrUrrUshssdEaS40 &sm10l
.10%z&'()--M10%z&'()- %10%z&'()-#`!10%z&'()- ! 10%z&'()-
S10%z&'()-ssstTtttttdYNC0 &sm1 10z 10z 10z f8`10%z&'()-s6"10%z&'()-
4F10%z&'()- 2310%z&'()- 0F10%z&'()-ttttt5uoudEYNC0 &sm1 



"10%z&'()- 9 10%z&'()- Y 910%z&'()-Y y10%z&'()-l
10%z&'()-l10%z&'()-ouuuu"vXvvdEYNC0 &sm1 l YG10%z&'()-y 10%z&'()-
10%z&'()-l m10%z&'()-  10%z&'()- 10%z&'()-vvv/wPwZwwdEYNC0 &sm1 Y
'10%z&'()-l %10%z&'()-#@10%z&'()-l !410%z&'()-  S10%z&'()-
910%z&'()-wwwxVxxxdEYNC0 &sm1  210%z&'()- 010%z&'()- . 10%z&'()-&-
10%z&'()- F+10%z&'()-l f):10%z&'()-xxy9yoypyqyryyyxmbC0 &sm1sl10%z&'()- 10z
10z 10z F:10%z&'()- f8 10%z&'()-6"10%z&'()-Y 410%z&'()-yyyyyzVz`zdEmbC0
&sm1l 10%z&'()- !10%z&'()- 310%z&'()-l 3 G10%z&'()- Sf10%z&'()- 



s10%z&'()-`zzzz-{[{{dEmbC0 &sm1 10%z&'()-l 3m10%z&'()-S 10%z&'()- s
10%z&'()- 910%z&'()-Y 10%z&'()-{{{{*|`||dEmbC0 &sm1l @)10%z&'()-
`'`10%z&'()- %Y10%z&'()-#10%z&'()- !f10%z&'()- 10%z&'()-|||}}~7~8~9~dE:/
10z 10zl 3:10%z&'()-l f810%z&'()-s610%z&'()- .310%z&'()--M!10%z&'()-
3+s10%z&'()-9~:~A~krP./! -#10%&'()-!y 10%ss&'()-l 10%z&'()-!d3s!10%RR&'()-
!d3s!10%&'()- 10%z&'()- 10z UV~\:,/
10xx!.-#10%xx&'()-&!.-#10%xx&'()-&%!10%z(&'()-S!%!10%&'()-S %!10%nVn&'()-S
-#10%z&'()-VWX_0f5za?/ 10xx!!!10%MM&'()-3 !!10%&'()-3 3L"10%;
&'()-!d3L"10%&'()-`10%&'()- 10xx 10xxzJ3yzX6?/ 10xx!l
@810%&'()-!s."10%&'()-g%-#10%&'()-S!%-#10%&'()-S!-#10%&'()-s!-#10%&'()-syz{
|}MeuV710xx!q =10%&'()-"10%A &'()-g!"10%&'()-gl10%&'()-s 910%&'()-9 10 10
10;n;Ex}^<uV710xx!!s'@#10%..&'()-) Y
%K10%&'()-l`!10%&'()-T!l`!10%xx&'()-T-#10%{&'()-!-#10%}}&'()-q~dE10xx!!110%
@&'()-110%@&'()- 



10%@&'()- 10 10 10Y 210%&'()-!s'@#10%&'()-)
nO~dE10xx!!110%@&'()-110%@&'()-110%@&'()-110%@&'()-110%@&'()-110%@&'()-qR8~
dE10xx!110%@&'()-110%@&'()-110%@&'()-110%@&'()--110%@&'()-;
c8~n'.1#()*<gM.~dE110%@&'()-110%@&'()-;
c8~n'.1110%@&'()-110%@&'()-110%@&'()-<=PQblmnT~dE110%@&'()-110%@&'()-110%@&
'()-110%@&'()-110%@&'()-110%@&'()-110%@&'()-mnotuz{qR8~dE110%@&'()-110%@&'(
)-110%@&'()-110%@&'()--110%@&'()-;c8~n'.1{|pQ2~dE110%@&'()-110%@&'()-;
c8~n'.1110%@&'()-110%@&'()-110%@&'()-eF~dE110%110%@&'()-110%@&'()-110%@&'()
-110%@&'()-110%@&'()-110%@&'()-v\=~dE110%@&'()-110%@&'()-110%@&'()-110%@&'(
)-110%@&'()-;c8~n'.1u[<~dE110%@&'()-110%@&'()-;
c8~n'.1110%@&'()-110%@&'()-110%@&'()-
jK~dE11110%@&'()-110%@&'()-110%@&'()-110%@&'()-110%@&'()-110%@&'()-
v\=~dE110%@&'()-%110%@&'()-110%@&'()-110%@&'()-110%@&'()-;c8~n'.1
!"./uV<~dE110%@&'()-110%@&'()-;
c8~n'.1110%@&'()-110%@&'()-110%@&'()-/345678y_~dE110%@&'()-110%@&'()-110%@&
'()-110%@&'()-110%@&'()-110%@&'()-110%@&'()-89:DERXqR3~dE110%@&'()-110%@&'(
)-110%@&'()-110%@&'()-)110%@&'()-;c8~n'.1XZdijtugM3~dE110%@&'()-110%@&'()-;
c8~n'.1110%@&'()-110%@&'()-110%@&'()-u{|}~y_~dE110%@&'()-110%@110%@&'()-110
%@&'()-110%@&'()-110%@&'()-110%@&'()-110%@&'()-qW=~dE11110%@&'()-110%@&'()-
110%@&'()-110%@&'()-110%@&'()-);c8~n'.1u[<~dE1110%@&'()-110%@&'()-;
c8~n'.1110%@&'()-110%@&'()-110%@&'()-eF~dE1110%@&'()-110%@&'()-110%@&'()-11
0%@&'()-110%@&'()-110%@&'()-v\B~dE1110%@&'()-110%@&'()-110%@&'()-110%@&'()-
110%@&'()-;c8~n'.1uV<~dE1110%@&'()-110%@&'()-;
c8~n'.1110%@&'()-110%@&'()-110%@&'()-}c~dE1110%@&'()-110%@&'()-110%@&'()-11
0%@&'()-110%@&'()-110%@&'()-110%@&'()-lM.~dE110%@&'()-110%@&'()-1110%@&'()-
110%@&'()-110%@&'()-;c8~n'.1%/45?@gM3~dE110%@&'()-110%@&'()-;
c8~n'.1110%@&'()-110%@&'()-110%@&'()-@ABCDEF}c~dE110%@&'()-110%@&'(110%@&'(
)-110%@&'()-110%@&'()-110%@&'()-110%@&'()-110%@&'()-FGQ]clrgH)~d110%@&'()-1
10%@&'()-110%@&'()-1110%@&'()-110%@&'()-;
c8~n'.1rw}gM.~d110%@&'()-110%@&'()-;
c8~n'.1-110%@&'()--110%@&'()-110%@&'()-eF~d110%@&110%@&'()-110%@&'()-110%@&
'()--110%@&'()--110%@&'()-110%@&'()-}pcB110% 10%4&'()--103103103
:10%3&'()-110%@&'()-;
c8~n'.1lL0310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-
X310%4&'()-X#$5lL0M4hC&
&+03(310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X$%89:;
NOpP4310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%
4&'()-XOZ[cde9pP4M4hC&
&+03(310%4&'()-X(310%4&'()-X310%4&'()-X310%4&'()-Xefxyz{pP4310%4&'()-X310%4
&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X5pP4M4hC&
&+03310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-XpP4310%4&'()-X310%4&'()-X31
0%4&'()-X3310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X5pP4M4hC&
&+03310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-XtX<M310%4&'()-X310%4&'()-X3
10%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X9tX<MM4hC&
&+03310%4&'()-X310%4&'()-X310%4&'()-X(310%4&'()-X#_?<MM310%4&'()-X310%4&'()
-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X#)/6<A_?<MM310%4&'()-X310%4&'
()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-XABNOPQRz^B&<310%4&'()-X310%
4&'()-XX310%4&'()-X310%4&'()-X310%4&'()-XM4hC&
&+03RSTUVWXtX<310%4&'()-X310%4&'310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-
X310%4&'()-X310%4&'()-XXYZflovV6X<310%310%4&'()-X310%4&'()-X310%4&'()-X310%
4&'()-XM4hC&
&+03ot_?<310%310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'
()-XuY=?<310%310%4&'()-X'310%4&'()-X310%4&'()-XM4hC&
&+03310%4&'()-XtX<310%310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()
-X310%4&'()-X310%4&'()-XvV6tX<310%310%4&'()-X310%4&'()-X310%4&'()-XM4hC&
&+03310%4&'()-X_?<310%310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()
-X310%4&'()-XqU5?<310%310%4&'()-X310%4&'()-XM4hC&
&+03310%4&'()-X310%4&'()-X$',9?E_?<310%310%4&'()-X310%4&'()-X310%4&'()-X310
%4&'()-X310%4&'()-X310%4&'()-XEJPUVWQ5?<310%310%4&'()-XM4hC&
&+03310%4&'()-X310%4&'()-X310%4&'()-XWXYcdefgpT8310%310%4&'()-X310%4&'()-X3
10%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-Xghijku^>pT8310%310%4&
'()-XM4hC&
&+03310%4&'()-X310%4&'()-X310%4&'()-XucC8310%310%4&'()-X310%4&'()-X310%4&'(
)-X310%4&'()-X310%4&'()-X310%4&'()-X1C8310M4hC&
&+03310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-XpT8310M310%4&'()-X310%4&'()
-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-XB&8310%4&'()-XM4hC
&
&+03310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-XpT8310%4310%4&'()-X310%4&'(
)-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X^>pT8310%4310%4&'
()-XM4hC&
&+03310%4&'()-X310%4&'()-X310%4&'()-XgG8310%4310%4&'()-X310%4&'()-X310%4&'(
)-X310%4&'()-X310%4&'()-X310%4&'()-X 1G8310M4hC&
&+03310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X
!"#pT8310M310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-
X310%4&'()-X#$%&'()B'8310%4&'()-XM4hC&
&+03310%4&'()-X310%4&'()-X310%4&'()-X310%4&'()-X)+,-.67JK{[?310%4&'()410%}a
5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-*  10%}a5}&'()-104104104( l:10%4&'()-
K^_rsgK+?410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-*
410%}a5}&'()-* 410%}a5}&'()-* (410%}a5}&'()-* uU9gK+?41410%}a5}&'()-*
410%}a5}&'()-* 410%}a5}&'()-* M9!)'[,24(410%}a5}&'()-* gK+?410%}a5}&'()-*
410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-* [410%}a5}&'()-* 410%}a5}&'()-*
(410%}a5}&'()-* zZ>gK+?410%410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-*
M9!)'[,24410%}a5}&'()-* #$/9gG+?410%4410%}a5}&'()-* 410%}a5}&'()-*
410%}a5}&'()-* 



410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-* 9CDEFKuY9G+?41410%}a5}&'()-*
410%}a5}&'()-* 1M9!)'[,24410%}a5}&'()-* 410%}a5}&'()-*
KLQRWX_glL,?410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-*
410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-* gnopzuU5lL,?410%}a5}&'()-*
410%}a5}&'()-* M9!)'[,24 410%}a5}&'()-* 410%}a5}&'()-* _?,?410%}a5}&'()-*
410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-*
Q5?,?410%}a5}&'()-* M9!)'[,24410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-*
tX<?410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-*
410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-* ^BtX<?410%}a5}&'()-* 



M9!)'[,24410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-* _?<?410%}a5}&'()-*
410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-*
$.341?<?M9!)'[,24410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-*
410%}a5}&'()-* 4>?@ABCDtX<?M410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-*
%410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-* 410%}a5}&'()-*
DEFGHIJB'<410%}a5}&'()-* M9!)'[,24%410%}a5}&'()-* 410%}a5}&'()-*
410%}a5}&'()-* 410%}a5}&'()-* JNOPQRYvU4410%  S 10%^7&'()-  `10%^7&'()-
`m10%^7&'()- s&10%^7&'()-F10N510N510N5( Y:10%N5&'()-!U|[:vU4410%  l
10%^7&'()-  10%^7&'()-  10%^7&'()-  310%^7&'()-  910%^7&'()-(  3
Y10%^7&'()-U$]^_`e|obU4410% 10%w9w&'()-M10^710^710^7 #!10%^7&'()-
3y10%^7&'()-s S"10%^7&'()-(  s`10%^7&'()-elD|[:bU4410%  3y10%w9w&'()-
10%w9w&'()-  



3 f10%w9w&'()-  Sm10%w9w&'()-  10%w9w&'()-( &sm10%w9w&'()-Ds$Y|[:bU4410%
3f10%w9w&'()- S 10%w9w&'()-  10%w9w&'()-  10%w9w&'()-  310%w9w&'()-(
10%w9w&'()-Y|[:bU4410%  -S10%w9w&'()-  % 10%w9w&'()- # 10%w9w&'()-
!10%w9w&'()-   z10%w9w&'()-(  10%w9w&'()-:k*|[:bU4410%   S810%w9w&'()-
ss610%w9w&'()-  410%w9w&'()- l 2@10%w9w&'()-  010%w9w&'()-(
.10%w9w&'()-*^_`ahovU4410%  F 10%K4&'()-  f10%K4&'()-  s&10%K4&'()-
sm10%K4&'()-10w9w10w9w10w9w(  3:10%w9w&'()-@q|[:vU4410%   10%K4&'()-
10%K4&'()-  10%K4&'()-  10%K4&'()- 3`!10%K4&'()-(  &
10%K4&'()-Cy:|[:vU4410%  #10%K4&'()-  !10%K4&'()-   10%K4&'()-
&F10%K4&'()-  310%K4&'()-( f"10%K4&'()-: >`|[:vU4410%   410%K4&'()-
210%K4&'()- 0&10%K4&'()-  .s10%K4&'()- -z10%K4&'()-(  



%10%K4&'()-s-cvU4410% m10%w9w&'()- 10%w9w&'()-Y10K410K410K4  3:f10%K4&'()-
l S810%K4&'()-( s6 10%K4&'()-J,|[:vU4410%  s`!10% 6 &'()- Y 310%w9w&'()- F
"10%w8w&'()- F "10%9&'()- f10%w9w&'()-( l 10%w9w&'()-,d|;q|[:vU4410%  l
%10%w9w&'()- s !10%w9w&'()- |s !10%p4p&'()- l Y10%9&'()- l Y10%w,w&'()-(
s`!10%w9w&'()-qf|[:vU4410%  l 410%w9w&'()- Y 210%w9w&'()-  .f10%w9w&'()-
s3+ "10%w9w&'()-  f)10%w9w&'()-( s'910%w9w&'()-ABCDKvU4410%  s10%^4&'()-
`l10%^4&'()-10w9w10w9w10w9w 3:&10%w9w&'()-  f810%w9w&'()-( s610%w9w&'()-
As|[:vU4410%   y10%^4&'()-  10%^4&'()-  10%^4&'()-  10%^4&'()- 3
10%^4&'()-(  S10%^4&'()-+)_|[:vU4410%   %10%^4&'()- s#`!10%^4&'()- l 3
10%^4&'()- S 10%^4&'()-  10%^4&'()-( 10%^4&'()-_$X_|[:vU4410%
0&10%^4&'()- l .10%^4&'()- s-"10%^4&'()- l  +10%^4&'()- @)&10%^4&'()-( l
`'-10%^4&'()-_7hijk|[NA4410%10^410^410^4  3:10%^4&'()- Y S810%^4&'()-
s`6#10%^4&'()-  410%^4&'()-( 210%^4&'()-krG|[:NA4410%10 t!10%K4&'()-
&10%K4&'()-  3 



10%K4&'()-  S 10%K4&'()- s&10%K4&'()-( `l10%K4&'()-CzG|[:NA4410%10 l
310%K4&'()-s f 10%K4&'()-  10%K4&'()- 10%K4&'()-  10%K4&'()-(
F10%K4&'()-Gl;q|[:NA4410%10 F-&!10%(K4(&'()- l  +10%K4&'()- l @)10%K4&'()-
`'10%K4&'()- %&10%K4&'()-( #m10%K4&'()-qK|[:NA4410%10 l S810%K4&'()- F`6
10%K4&'()-  4S10%K4&'()- 2&10%K4&'()-  010%K4&'()-(  .f10%K4&'()-CxvU4410%
9y10%84&'()-  y10%8848&'()-  y10%u2&'()- m10%84&'()-10K410K410K4( l
3:G10%K4&'()-x]vU4410%  9y10%84&'()-  y10%8848&'()-  y10%u2&'()-
y10%84&'()- N  10%b84b&'()-S(   10%#&'()-S 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 Fontv
/G9l$t).64D9>CHM[SX]eb2glqqv9{W{-P_`Cj5wm'6N<FNW#`;e{mrv%{zJ k]Urw >- G@O
K!:"#&'*t,=/134778:;N<>ABEF]IKLMNPRT\V;
XZ\]K^Q_`8abvc,eeg"iknopqstouvwxyy`z{|9~Vzy<m{
/8Xu@Fr$Oe#ARXoEWgu#)K9Kg4DJeDY*:,q__kGqx   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRST6Times New RomanArialCourier New"h Root
EntryWordDocument   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXY 


