
;ste3el8i$(6T8IO!- 1 - 22 March 2004 DESCRIPTION MAGNETIC RECORDING
DEVICE,METHODOF ADJUSTING MAGNETIC HEAD, AND MAGNETIC RECORDING MEDIUM
Technical Field The present invention relates to a fixed magnetic recording
device, a method of adjusting a magnetic head, and a magnetic recording
medium in electronic equipment. Background Art In recent years, regarding a
fixed magnetic recording device, a faster read/write characteristic has
been required as a large recording density has been further demanded every
year. A reproducing system needs a higher sensitivity to a magnetic flux
than ever before. Currently, in many cases, a magnetoresistive head (MR
head) is adopted, in which a reproducing output does not depend upon a
peripheral speed of a magnetic recording medium. Namely, a head of a
reproducing method using so-called magnetoresistance is adopted, in which
an external magnetic field changes its electrical resistance. In the
future, the trend is expected to shift to a GMR head, whose reproducing
efficiency is improved by allowing a multilayer film to form a sensor for
sensing a magnetic flux. As the GMR head for practical use, a spin valve
film head is applicable, in which a spin valve is used as a multilayer film
serving as a magnetic sensing part. The GMR/inductive combined head is
configured such that data is written using   22 March 2004 a conventional
thin film head and data is read by using the GMR head, which is disposed
next to the thin film head. Namely, the GMR head is used for only reading
and is characterized by reducing the influence of the adjacent track when
reading, because an obtained reproducing output is considerably larger than
that of the thin film head, the reproducing output does not depend upon a
peripheral speed of a magnetic disk, and a reading track width is smaller
than that of the thin film head for writing. For this reason, the GMR head
has been widely adopted as an HDD head. However, since the GMR head
requires bias current according to its operating principle, it is necessary
to prevent deformation on a waveform of a reproducing signal by optimally
controlling bias current. Incidentally, when the GMR head such as the above
spin valve film head, which uses a multilayer film as a magnetic sensing
part, is put into practical use, the most important challenge is to
positively form single magnetic domains of NiFe, which forms a free-side
magnetic film. If single magnetic domains are not formed on the free-side
magnetic film, an external magnetic field causes variations on a waveform
that is called Harkhausen noise, resulting in signal noise. when single
magnetic domains are formed on the free-side magnetic film, Barkhausen
noise is eliminated and preferable reproducing output can be obtained. As a
method of forming single magnetic domains on a magnetic film, a method of
disposing a magnetic domain control film on an end of a magnetic film is
available. As for the magnetic domain control film, it is possible to use
exchange coupling of an   22 March 2004 _3_ 



antiferromagnetic film and to form single magnetic domains by using a
magnetic field (hard bias method) of a permanent magnet. Therefore, it is
understood that materials and the configuration of the magnetic domain
control film and are $ the most significant for developing a spin valve
film head. However, in case of forming a head using a hard bias method, a
magnet has been formed more precisely because a track pitch has been
decreased every year. Thus, dispersion in lots is not ignorable that are
resulted from difficult 10 process control. Further, when the magnet is too
strong) the GMR near the magnet is dead. However, once a permanent magnet
is installed in a process of forming a thin film, modification cannot be
made. Hence, under present circumstances, when an actual track width of a
reproducing IS head is largely shifted from a design center at shipment
inspection, the reproducing head is selected and discarded as. a faulty
component. Therefore, it is necessary to develop a technique for making
fine adjustments on a track width. The present invention is devised to
address or 20 ameliorate the above problem, or to at least provide a useful
alternative. Summary of the Invention 25 The present invention provides a
magnetic recording device comprising a magnetic head (H) using a hard bias
system, said head having a hard bias film (3) for adding a magnetic field
to a magnetic resistance film (1) in a longitudinal bias direction and for
controlling a magnetic 30 domain, a solenoid (4) provided in said hard bias
film (3) and adjusting the magnetic field running in a longitudinal bias
direction, and a current control means for controlling   22 March 2004
longitudinal bias current supplied to said solenoid (4), characterized in
that said current control means comprises: a measuring section for
measuring an effective track width (TW) of said magnetic head (H); 5 a
computing and determining section which computes a difference between a
measured value measured by the measuring section and a design value, and
determines a current value based on the computation result; and a current
adjusting section for adjusting current 10 supplied to said solenoid (4) in
such a manner as to obtain a current value determined by said computing and
determining section. With this configuration) even when some dispersions
are found on the hard bias film in a head process, it is 15 possible to
change the strength of the hard bias film by adjusting an amount of current
applied to the solenoid, and an effective track width can be variable in
size. Hence) it is possible to operate a reproducing head at a point having
the best reproducing output on a magnetization curve or to 20 adjust an
effective track width even after manufacturing the reproducing head.
Consequently, it i's possible to improve a yield and to increase a
reliability of a drive by absorbing dispersions appearing when the head is
manufactured. further, linear responsiveness can be improved. 



25 With this configuration, the magnetic field in a longitudinal bias
direction can be kept at an optimum value. Thus) it is possible to improve
linear responsiveness on a reproducing output of the magnetic head and to
operate the magnetic head at a point having the best reproducing output 30
on a magnetization curve. Therefore, even when the hard bias film has a
dimensional deviation, the film being formed in a process of manufacturing
the head, or in the event of   22 March 2004 j_ dispersions in strength of
a magnet, it is possible to bring the magnetic head to a stable operating
point. Further, it is possible to adjust an effective track width of the
magnetic head and to modify the effective track width in 5 response to the
influence of dispersions in size caused during manufacturing, a skew angle,
a head flying height or the like. Moreover, the device preferably includes
a current generating circuit near the magnetic head to generate 10
longitudinal bias current supplied to the solenoid. Thus, noise of
reproducing output can be prevented. Preferably,. current control means for
controlling longitudinal bias current supplied to the solenoid is used as a
wiring pattern and is placed on a suspension of the 15 magnetic head.
Hence, a line for controlling longitudinal bias can be further provided.
Additionally, the current control means for controlling longitudinal bias
current supplied to the solenoid is characterized by including a measuring
section for measuring 20 an effective track with of the magnetic head, a
computing and determining section which computes a difference between a
design value and a measured value and determines a current value based on
the computation result, and a current adjusting section for adjusting
current supplied to the 25 solenoid in such a manner as to obtain a value
determined by the computing and determining section. A method of adjusting
a magnetic head according to one embodiment of the present invention is
such that the magnetic head of a hard bias system having a hard bias film
30 for adding a magnetic field to a magnetic resistance film in a
longitudinal bias direction and for controlling a magnetic domain, is
characterized by controlling current supplied to   



22 March 2004 -6 the solenoid provided on the hard bias film so as to
improve the linear responsiveness of the reproducing output of the magnetic
head by means of a magnetic field appearing en the solenoid. With this
configuration, it is possible to 5 operate the magnetic head at a point
having the best reproducing output on a magnetization curve. The present
invention further provides a method of adjusting a magnetic head (B) of a
hard bias system having a hard bias film (3) for adding a magnetic field to
a magnetic 10 resistance film (1) in a longitudinal bias direction and for
controlling a magnetic domain, characterized by controlling current
supplied to a solenoid (4) provided on said hard bias film (3) so as to
increase or decrease a reproducing inert region (9) of said magnetic head
(B) by 15 means of a magnetic field appearing on said solenoid (4), and
vary an effective track width (TW). With this configuration, it is possible
to cancel dispersions in effective track width resulted from the influence
of dispersions in size upon manufacturing, a skew 20 angle, a head flying
height, or the like. Thus, it is possible to eliminate defects on the. head
which are caused by a shift of the effective track width. It is also
possible to obtain a constant effective track width. Preferably, this
embodiment may be further characterized 25 in that an effective track width
of the magnetic head is measured by measuring means, a current value
supplied to the solenoid is determined by computing and determining means
based on the measured value and a design value, and the current is
controlled by the current adjusting section to 30 obtain a determined
current value. The present invention further provides a magnetic recording
medium containing executing means for executing a   22 March 2004 7_ series
of operations of: 



measuring an effective track width (TW) of a magnetic head (B) by means of
measuring means; determining a value of current supplied to a solenoid 5
(4) by computing and determining means based on a measured value measured
thereby and a design value; and controlling the current by means of current
adjusting means to obtain the determined current value. With this
configuration, when the magnetic head shifts 10 to a desired track of the
magnetic recording medium, the executing means is read out and the series
of operations are carried out. Thus, the effective track width of the
magnetic head is adjusted. 15 Brief Description of Drawings FIG. 1 is a
whole structural drawing schematically showing a magnetic recording device
according to Embodiment 1 of the present invention; 20 FIG..2 is a
structural drawings showing a reproducing head of the magnetic recording
device shown in FIG. 1; FIG. 3 is an explanatory drawing showing a wiring
pattern serving as a current control means of the magnetic recording device
shown in FIG. 1; 25 FIG. 4 is a characteristic diagram showing a
magnetization response curve when a longitudinal bias curve varies on the
reproducing head shown in FIG. 2;   _ g _ 22 March 2004 FIG. 5 is a
structural drawing showing a reproducing head constituting a magnetic
recording device according to Embodiment 2 of the present invention; FIG. 6
is a flowchart for explaining a change in effective track width of a
magnetic recording device according to Embodiment 3 of the present
invention; FIG. 7 is a wave form chart showing that the reproducing 



head reads servo information; and FIG. 8 is a reproducing output
characteristic diagram showing that the reproducing head shifts in a TPI
direction. Best Mode for Carrying out the Invention Referring to drawings ,
the following will describe the detail of the embodiments of the present
invention. (Embodiment 1) FIG. 1 shows a schematic configuration of a
magnetic recording device according to Embodiment 1 of the present
invention. FIG. 2 shows a configuration of a magnetic sensing part of a
magnetic head (hereinafter, referred to as a reproducing head) of the
magnetic recording device. In FIG. 1, reference character A denotes a
magnetic recording medium, reference character B denotes a reproducing
head, and reference character C denotes a suspension which supports the
reproducing head B from a device body. Further, in FIG. 2, reference
numeral 1 denotes a magnetic resistance film (an MR film or a spin valve
film) which detects a change of a magnetic field from the magnetic
recording medium and obtains a reproducing output, reference numeral 2
denotes an electrode for transmitting a signal of the magnetic   - 9 - 22
March 2004 resistance film 1, and reference numeral 3 denotes a hard
magnetic film which is disposed on both ends of the magnetic resistance
film 1 along its longitudinal direction and applies a magnetic field in its
longitudinal direction to suppress Barkhausen noise. A material such as
NiFe is often used for the magnetic resistance film 1, and a material such
as CoCrPt is often used for the hard magnetic film 3. Moreover, reference
numeral 4 denotes a solenoid, which is wound around the hard magnetic film
3 near the magnetic resistance film 1 and adjusts a magnetic field
generated by applied current from the hard magnetic film 3. Reference
numeral 5 denotes a current generating circuit, which generates current
applied to the solenoid 4 and is disposed in a preamplifier 6 (or near the
preamplifier 6). Additionally, reference numeral 7 denotes a wiring pattern
which controls current applied from the current generating circuit 5 to the
solenoid 4 and is placed as shown in FIG. 3 on an FPC (flexible wiring
board) 8, which is placed on the suspension C such as a plate spring. In
such a magnetic recording device, when the reproducing head B changes in
longitudinal bias magnetization ratio, a magnetic field response curve is
varied accordingly. A longitudinal bias magnetization ratio is an index
which indicates a degree of a thickness of the above magnetic domain
control film and is a value computed by dividing a saturation magnetic flux
density (Bs3) and a film thickness (t3) of the hard magnetic film 3 by a
saturation magnetic flux density (Hsl) and a film thickness (tl) of the MR
film 1. Therefore, the larger a longitudinal bias magnetization ratio, the



- 10 - 22 March 2004 stronger the hard magnetic film 3, which serves as a
magnetic domain control film. FIG. 4 shows a magnetic field response curve
relative to a variety of longitudinal bias magnetization ratios. An axis of
ordinates represents an output voltage and an axis of abscissas represents
a magnetic field applied from the outside. As shown in FIGS. 4(a) and 4(b),
it is found that in the case of a small longitudinal bias magnetization
ratio such as 0.7 and 1.0, an abnormal part appears on hysteresis of a loop
and Barkhausen noise occurs. Meanwhile, as shown in FIGS. 4 ( c ) and 4 (d
) , in the case of a large longitudinal bias magnetization ratio such as
1.4 and 1.7, improvement is made such that Barkhausen noise is eliminated.
In this case, it is understood that single magnetic domains are formed on
the magnetic resistance film 1. However, the larger a longitudinal bias
magnetization ratio, the gentler the inclination of a slope on the magnetic
field response curve. When a longitudinal bias magnetization ratio is too
large, a sensitivity of an element is deteriorated and a reproducing
waveform is smaller and less sharp. This is because the movement of a
magnetic substance of the magnetic resistance film 1 is restrained by a
magnetic field produced in a TPI direction ( in a radius direction of the
recording medium) by the hard magnetic film 3, which serves as a magnetic
domain control film. Thus, since current is applied to the solenoid 4, a
magnetic flux is produced in a longitudinal direction of the hard magnetic
film 3 and a longitudinal bias magnetic field is adjusted. Consequently,
preferable response is obtained   11 _ 22 March 2004 for a magnetic field
without the occurrence of Barkhausen noise. Since the direction of current
applied to the solenoid 4 is made reversible, it is possible to increase
and decrease a longitudinal bias magnetic field. Hence, even when the hard
magnetic film 3, which is formed in a process of manufacturing a head, is
shifted in size or is irregular in magnetic strength, it is possible to
bring the reproducing head B to a stable operating point by adjusting a
magnetic field produced in a longitudinal bias direction by means of
current applied to the solenoid 4. (Embodiment 2) FIG. 5 shows a
configuration of a magnetic sensing part of a reproducing head of a
magnetic recording device according to Embodiment 2 of the present
invention. Since the reproducing head is identical in configuration to the
reproducing head of the magnetic recording device described in the above
Embodiment 1, the members having the same functions are indicated by the
same reference numerals as FIG. 2 and the description thereof is omitted.
Refer to FIGS. 1 and 3 for the members other than the reproducing head.
Additionally, the wiring pattern 7 includes a measuring section for
measuring an effective track width (detailed later) of the reproducing head
B, a computing and determining section for computing a difference between a
design value and a measured value measured by the measuring section and
determining an optimum current value applied to the solenoid, and a current
adjusting section for adjusting current applied to the solenoid to obtain a
current value determined in the computing and determining section.   



_ 1 z _ 22 March 2004 As shown in FIG. 5, a magnetic resistance film 1 in
the vicinity of the hard magnetic film 3 actually includes a reproducing
film inert region 9, which cannot function as a reproducing sensor because
of the influence of magnetism from the hard magnetic film 3 ( a spindle
film in some cases ) . An effective track width is narrowed because the
reproducing film inert region 9 cannot function as a sensor. For this
reason, the following operation is suitably performed by using the wiring
pattern 7 to bring an effective track value to a design value. Namely, an
effective track width of the reproducing head H is measured by the
measuring section, a difference between a measured value and a design value
is computed by the computing and determining section to determine an
optimum current value, and current is adjusted by the current adjusting
section to obtain a determined current value. Namely, when an effective
track width needs to be smaller, current is applied to the solenoid 4 to
increase the reproducing film inert region 9. When an effective track width
needs to be larger, reverse current is applied to the solenoid 4 to
decrease the reproducing film inert region 9. The above operation makes it
possible to modify an effective track width close to a design value. An
effective track width is varied due to dispersions in size or the like
caused during manufacturing and due to the influence of a skew angle, a
head flying height or the like. (Embodiment 3) In order to bring an
effective track width to a design value on the reproducing head of the
magnetic recording device   - 13 - 22 March 2004 described in the above
Embodiment 2, the following operations are performed in a process of
shipping the reproducing head to a factory. The members including the
reproducing head are indicated by the same reference numerals as Embodiment
2. As shown in a flowchart of FIG. 6, in #1, initial settings are made on a
target track width TWO, a solenoid current amount i, an off-track amount d,
a maximum off-track number N, and a measured track n. In #2, for each track
of a magnetic recording medium A, a reproducing head reads an A burst and a
B burst, which have been written by a servo track writer in advance,
comparison is made on outputs of the A burst and the B burst, and a track
center DO is set at a point where the outputs are equal. FIGS. 7(a) and
7(b) show waveforms, which are formed when servo information is read by the
reproducing head. And then, in #3, measurement data is written using a
recording head at a position of the track center D0. At this moment, a 2T
pattern is used for a servo frequency. For example, in the case of a 60-MHz
servo frequency, a repetitive pattern of 15 MHz is written. In #4, a
register of an off-track number is set at j = -N, a reproducing output is
set at Ep = 0, and an off-track value at the peak of a reproducing output
is set at jp.= -N+1. Further, a current direction of the solenoid current
amount i is set in #5. Subsequently, in #6, a reproducing head B opposing
the magnetic recording medium A is off-tracked by a distance d from the
track center DO in a TPI direction ( radius direction of the recording
medium), and positioning is made at a 



- 14 - 22 March 2004 position D = D1 (writing position of measurement data,
i,e., displacement from the track center DO) + j x d, In #7, a reproducing
output E of the measurement data is measured at the position D. Here, since
the measurement data is written at the track center in the present
embodiment, D1 = 0 is obtained. Next, in #8, the measured reproducing
output E is compared with a reproducing output Ep = 0, which is a set
value. In the case where the measured value is larger than the set value,
the reproducing output E is stored as a set value Ep of the reproducing
output in #9, and an off-track value jp at this moment is stored as a set
value j of an off-track number. In the case where a measured value of a
reproducing output is smaller than the set value, an initial set value is
maintained. Subsequently, in #10, the set value j and the track number N
are compared with each other. In the case where the set value j is smaller,
the set value j is increased only by 1 in #11, and then the operations of
#6 and later are carried out. In the case where the set value j is larger,
in #12, a maximum reproducing output EP is detected when a reproducing
output E is at the peak as shown in FIG. 8. An off-track amount TW1 in an
outer peripheral direction and an off-track amount TW2 in an inner
peripheral direction are detected. The off-track amount TW1 corresponds to
a reproducing output EP/2, which is 50$ of the maximum reproducing output
point EP. And computation is made on an effective track width TW, which   -
15 - 22 March 2004 is defined as a distance between the off-track amounts
TW1 and TW2. And then, in #13, determination is made if the effective track
width TW is equal to a track width TWO, which is desirable on design. When
the effective track width is not equal, a solenoid current amount i is
changed in #14, and the operations of #5 and later are carried out. At a
current amount having an effective track width TW equal to the track width
TWO, which is desirable on design, the operations are completed. As
mentioned earlier, it is possible to find an optimum amount of current
applied to the solenoid 4 corresponding to each track of the magnetic
recording medium A. Additionally, an actual amount of current applied to
the solenoid 4 may be determined for each track of the magnetic recording
medium A according to a current amount obtained in the above manner. Oman
amount current may be determined for each track group, which is composed of
a plurality of tracks arranged in order from an outer region to an inner
region of the magnetic recording medium A. 



Meanwhile, in the magnetic recording medium A, executing means such as a
program is placed in a memory in front of each data region, The executing
means carries out the flow of computing an amount of current applied to the
solenoid 4 in the above manner. With this arrangement, the executing means
is read every time the reproducing head H shifts to a desired data region
of the magnetic recording medium A. Current of the solenoid   - 16  4 is
adjusted and an effective track width TW is brought close to a design
value.   -17 CLAIMS 1. A magnetic recording device comprising a magnetic
head (B) using a hard bias system, said head having a hard bias 5 film (3)
for adding a magnetic field to a magnetic resistance film (1) in a
longitudinal bias direction and for ccntrolling a magnetic domain, a
solenoid (4) provided in said hard bias film (3) and adjusting the magnetic
field running in a longitudinal bias direction, and a current 10 control
means for controlling longitudinal bias current supplied to said solenoid
(4), characterized in that said current control means comprises: a
measuring section for measuring an effective track width (TW) of said
magnetic head (B); 1~ a computing and determining secticn which computes a
difference between a measured value measured by the measuring section and a
design value, and determines a current value based on the Computation
result; and a current adjusting section for adjusting current 20 supplied
to said solenoid (4) in such a manner as to obtain a current value
determined. by said computing and determining section. 



2. The magnetic recording device according to claim 1, 2~ further
comprising a current generating circuit (5) rear said magnetic head (E) to
generate longitudinal bias current supplied to said solenoid (4). 3. The
magnetic recording device according to claim-;m 1, 30 w'.^.ereir. current
control means for controlling longitudinal bias current supplied to said
solenoid (9) -a a wiring pattern (7) placed en a suspension (C) of said
magnetic head   22 March 2004 -IS (B) . 4. A method of adjusting a magnetic
head (B) of a hard bias system having a hard bias film (3) fcr adding a 5
magnetic field to a magnetic resistance film (1) in a longitudinal bias
direction and for controlling a magnetic domain, characterized by
controlling current supplied to a solenoid (4) provided on said hard bias
film (3) so as to increase or decrease a 10 reproducing inert region (9) of
said magnetic head (B) by means of a magnetic field appearing on said
solenoid (4), and vary an effective track width (TW). S. The method of
adjusting the magnetic head (B) according IS to claim 4, further comprising
the steps of: measuring by measuring means said effective track width (TW)
of said magnetic head (B); determining a value of current supplied to said
solenoid (4) by computing and determining means based cn a measured 20
value measured thereby and a design value; and controlling the current by
current adjusting means to obtain the determined current value. 6. A
magnetic recording medium containing executing means 25 for executing a
series of operations of: 



measuring an effective track width (TW) of a magnetic head iB) by means of
measuring means; determining a value of current supplied to a solenoid (4)
by computing and determining means based on a measured 30 vale=_ measured
thereby and a design value; and controlling the current by means of current
adjusting means to obtain the determined current value.
/N'/N0/N&/NFy/N|/N`/N`-/NI`/N0g}/N- /ND/ND/NJ'/Ng/N-/N-|E/N`/N`
23\z.5CNjyz01Vdeh}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!hiNO(&(Wehpq#"*"2"3""""""
"
##}xsnid_Z]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]ca]ca]ca!#>#L#P###$((D)E)))))J*X*[*++,,j-k-'/;
/u///
0E0l000}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!00:1c111122 555567799N9O9U99;
;<t<|<1? B3B
C"C'C>C{vqlgb\W]caV]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!>CACHCFDMDxDD}FFHH_JLeMFNUNNNNNP
6RRR&U;
UVRXXzY$[9[]^{vqlgb]X]]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]caV]ca!^P__O`a
aIa_adakacc#e)eveeNffAgOgTgZghhgi.khkjkkkllll}xsnid_Z]]]ca]ca]ca]ca]ca]ca]c
a]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! \z.iH P"10%]]&'()-iP"10%] &'()-i10%]&'()-
m"10%]&'()-10%]&'()-910%]&'()- .=D2345CNsQ/!T#10%&'()-!|V10%LL&'()-v 10]n]n
10]n]n 10]n]n!"10%]n]n&'()-  X"10%]]&'()- "10%&'()-
NrS1!!J&p&10%$"$"&'()-!f,10%"&'()-$10%"&'()- 10 10
10!0!"10%&'()-M!T#10%""&'()-jwX6rS1!!!*|/%10%""&'()-p,
10%"&'()-!&p&10%&'()-!!&p&10%&'()-!!&p&10%""&'()-!!{&p&10%""&'()-!STUVde5uS
1!!FSz&10%^^&'()-3!FSz&10%tt&'()-310%&'()-$y10%&'()- 



10"" 10"" 10""!|/%10%""&'()-5
q`~xV4uS1!!!#FSz&10%&'()-3!@FSz&10%&'()-3!\FSz&10%&'()-3
IFSz&10%&'()-3!fFSz&10%&'()-3!tFSz&10%II&'()-3TUVWehOuS1!!m,6%10%&'()-
!,6%10%%%&'()- 10%&'()-$10%&'()- 10 10 10!FSz&10%&'()-38JP
s!wU3uS1!!!|d(10%LL&'()- (!|d(10%xx&'()- (!|d(10%&'()- (!|d(10%tt&'()-
(!&|d(10%&'()- (!4|d(10%XX&'()- (s!!";#<#=#>#L#P#}oP1!10%&'()-#10%&'()- 10
10 10!|d(10%&'()- (!|d(10%((&'()- 



(!|d(10%EE&'()- (P#$p$$J%%g&{Y7oP1!!J`" `'10%&'()-.!``" `'10%&'()-.!``"
`'10%&'()-. |`" `'10%l&'()-.!`"
`'10%{{&'()-.#10%&'()-Ug&&q'O())G*wV4oP1!!`" `'10%&'()-. `" `'10%p
p&'()-.!`" `'10%&'()-.!`" `'10%&'()-.!4`" `'10%&'()-.!C`"
`'10%&'()-.G*H*I*J*X*[*t**u+vT2!!y`pC'10%&'()-!`pC'10%22&'()-
`pC'10%OO&'()-,10%&'()-$10%&'()- 10 10
10u++,,--.zX6vT2!!!8)"%10%&'()-S!G)"%10%&'()-S!d)"%10%&'()-Sc10%&'()-!h`pC'
10%&'()-!g`pC'10%&'()-.$/%/&/'/;/u///uV7!!!10%&'()-6J
10%&'()-L10%&'()-010%&'()- 10 10 



10!)"%10%&'()-S/ 0E0l0000dEuV7!!! 10%&'()-10%&'()- 610%&'()-i10%&'()-
j!10%&'()- 10%&'()-0:1c11112dEuV7!!!< 0!10%&'()-c10%&'()-10%&'()-Y
10%&'()-M10%&'()-P"10%&'()-22555 5566~_=!!!!306#10%&'()- 306#10%&'()-
10%&'()- 10 10 10y&"10%&'()-!GI"$10%&'()-6U99;
;;;;<~_=!!!!PS#10%ll&'()-10%$l&'()-= 10 10
100)"10%&'()-j!6#10%&'()-z6#10%&'()-z<>1?5ABBB Bzl^P=!!!!PS#10% 10$$ 10$$ 



10$$!#"10%$$&'()-#"10%$l&'()-!PS#10%}}&'()-!QPS#10%$l$l&'()- B3B
CHCxDD}F}[<P=!!!P"10%O&'()-0!i"10%&'()-i"10%O&'()-!L"10%OO&'()-TL"10%O&'()-
T!Kt10%RORO&'()-}FF|H}H~HHH*J_J~\:!!!!i#10%''&'()- !i#10%OO&'()- 10%O&'()-
10O 10O 10O+P"10%O&'()- !P"10%&'()-0_JL2MeMFNUNNNz[9+:
10OO!-"10%OO&'()--"10%&'()--"10%O&'()-!P#10%&'()-!P#10%OO&'()-!P#10%OO&'()-
NNNNOPP6Ra?:
10OO!!S#10%&'()-"!li#10%BB&'()-j!li#10%zz&'()-jli#10%z&'()-jf10%z&'()- 10OO
10OO6R=S;T#U$U%U&U;UlV}oP10i"10%$l&'()-V10%$l&'()-  10zz 10zz
10zz!S#10%zz&'()-"!4S#10%zvzv&'()-"!CS#10%zRzR&'()-"lVVRXXCYzY!["[}[<110
10$l+P"10%$l&'()-!"m"10%ll&'()-"m"10%$l&'()-!P "10%ll&'()-P
"10%$l&'()-!i"10%&'()-"[#[$[9[}[\#]]dB10
10$l!#10%&'()-M!#10%22&'()-M!<#10%22&'()-M!#10%22&'()-M10%2&'()-  10$l
10$l]^P__O`aaaa}[M?10 



1022 1022 1022!+P"10%22&'()-+P"10%2&'()-!Pl"10%22&'()-Pl"10%2&'()-!#10%
&'()-Ma aIa\a]a^a_adakabC0 1022 1I6}10%&'()-#10%&'()- 10L 10L 10L
10%L&'()-"10%L&'()- ||10%L&'()-kaabccdvewU3bC0
!R`y'10%&'()-`!|`y'10%&'()-`!`y'10%++&'()-`!`y'10%HH&'()-`!{`y'10%VV&'()-`!
`y'10%&'()-`veeeNff>g?g@gzXJ<C0 !R 10
10!c6%10%&'()-!@c6%10%&'()-!1-%10%&'()-!@-%10%&'()-*10%&'()-@gAgOgTgZggRhir
P.C!v|y`'10%&'()-!t|y`'10%++&'()-!|y`'10%HH&'()-10%&'()-#10%&'()-$10%&'()-
10igii*jj.khkwU6.C!v->#10%&'()-!-`y&10%&'()- ! `y&10%&'()- !`y&10%++&'()- 



!h `y&10%&'()- !`|y`'10%&'()-hkkkllzwU6.C!v->#10%&'()-!-`y&10%&'()- !!
)d/%10%&'()-X!)d/%10%&'()-X!8)d/%10%&'()-X)d/%10%d&'()-X 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
Font4UV= I'&,28?~EK%R#X^^^@dinprtvxz|~h#0>C^lIJKLMN.N5s!P#g&G*u+./026<
B}F_JN6RlV"[]akave@gihklOPQRSTUVWXYZ[\]^_`abcdefghijklmno6Times New
RomanArialCourier New"h Root EntryWordDocument8
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqr 


