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METHOD OF AND APPARATUS FOR DRIVING A SPINDLE MOTOR AND A VOICE COIL MOTOR
IN A DISK DRIVE BACKGROUND OF THE INVENTION 5 This invention relates to a
disk drive including a spindle motor that rotates a disk and a voice coil
motor that acts as a driving source for a head actuator. More particularly,
this invention relates to a method of and an apparatus for driving a
spindle 10 motor and a voice coil motor in a disk drive. One known typical
disk drive that reads the information recorded on a disk serving as a
recording medium by means of a head is a hard disk drive (or magnetic disk
drive). The hard disk drive uses two 15 types of motor: a spindle motor and
a voice coil motor. The spindle motor is a brushless direct current motor
that rotates the disk. The voice coil motor is a driving source for a head
actuator that moves the head along the radius of the disk. 20 A voltage E
necessary to drive a brushless direct-current motor, such as a spindle
motor, is expressed by the following equation: E = Ee + I X R (1) In
equation (1), Ee is a voltage (hereinafter, 25 referred to as a back EMF
voltage) that corresponds to a back electromotive force (back EMF)
generated in the motor coil as a result of the rotation of the motor.   r r
- 2  The back EMF voltage Ee is proportional to the torque constant and the
rotational speed. I is the current flowing through the motor coil. R is the
sum of the resistance of the motor coil and the resistance of the 5 motor
driver. The current I is proportional to the driving torque of the motor.
Therefore, for example, when the motor load changes as a result of the
change of the ambient temperature, the current I fluctuates accordingly.
The torque constant and the coil 10 resistance vary because of the
characteristics of the motor. For this reason, the driving voltage of the
motor is designed to be higher than E to allow a margin, taking those
variations into account. The margin, however, results in power loss in the
15 motor driver that drives the motor. Thus, when the driving voltage of
the motor is designed, allowing for 



a margin, this causes the problem of increasing the power consumption. This
problem particularly becomes significant in fluid dynamics bearing spindle
motors 20 which are becoming increasingly popular nowadays as spindle
motors used in hard disk motors. The reason is that, in a fluid dynamics
bearing spindle motor, the viscosity of fluid (e.g., oil) increases with
the ambient temperature and therefore the load on the 25 motor fluctuates
significantly. Obviously, a great change in the motor load results in a
large fluctuation in the driving voltage E. Thus, it is   I T - 3
necessary to allow a large margin for the motor driving voltage actually
used, taking a fluctuation in the driving voltage E into account. Allowing
a large margin for the motor driving voltage increases the 5 power loss in
the motor driver accordingly. A technique for reducing the power loss in a
motor driver has been disclosed in Jpn. Pat. Appln. KOKAI Publication No.
4-208091. In the technique written in the publication (hereinafter,
referred to as the prior 10 art), the driving voltage (or supply voltage)
is changed by a power supply unit capable of changing the voltage. The
driving voltage is the voltage necessary for the motor driver to drive the
motor. The voltage is varied according to the increase or decrease in the
15 current flowing through the motor coil. By this variable control, the
difference between the terminal voltage (or coil terminal voltage) of the
motor and the driving voltage is minimized, which reduces the loss in the
motor driver. 20 Tn a hard disk drive that rotates the spindle motor at
high speed, the faster the motor rotates, the higher the driving voltage
has to be. Moreover, to drive, for example, a fluid dynamics bearing
spindle motor in a severe low-temperature environment, a large 25 driving
torque is needed. In this case, a high driving voltage is necessary to
drive the spindle motor. To meet this requirement, the following can be   1
1 - 4  considered: the voltage supplied from the host using the hard disk
drive is stepped up by a voltage booster and the boosted voltage is used to
drive the spindle motor. The method of boosting the voltage has the 5
advantage of being capable of minimizing the loss in the motor drive. The
reason is that it is possible to boost the voltage to a value at least
necessary to drive the spindle motor at a steady rotational speed and the
motor is driven by the boosted voltage. 10 Another advantage of the method
of boosting the voltage is that a seek operation of moving the head to the
target track on the disk can be performed at high speed. The reason is that
the higher the driving voltage, the faster the seek speed can be made by 



15 causing a large current to flow through the voice coil motor. Therefore,
using a single voltage booster to drive both the spindle motor and the
voice coil motor makes it possible to realize the following two properties:
one is that the spindle motor can be 20 rotated at high speed or the
spindle motor can be driven in a low temperature environment, and the other
is that a seek operation can be made faster by the voice coil motor.
However, when the prior art is applied to reduce 25 the loss in the motor
driver, a problem arises. Specifically, when the supply voltage is varied
according to the voltage necessary to drive the   _ 5 spindle motor, the
following problem arises: the driving voltage of the voice coil motor also
varies with fluctuations in the spindle motor. Conversely, when the voltage
booster steps up the supply voltage 5 to a maximum so as to cause a large
current to flow through the voice coil motor, the following problem arises:
since the actually used driving voltage becomes larger than the voltage at
least necessary to drive the spindle motor, the power loss in the motor 10
driver becomes larger. BRIEF SUMMARY OF THE INVENTION An embodiment of the
present invention may provide a method of and an apparatus for driving a
spindle motor and a voice coil motor in a disk drive 15 which enable the
power loss in a motor driver to be reduced, while keeping the seek speed
fast, in driving the spindle motor and the voice coil motor. According to
an aspect of the present invention, there is provided a method of driving a
spindle motor 20 and a voice coil motor in a disk drive. This method
comprises setting a driving voltage applied to a motor driver to a first
driving voltage in a first mode (or a high-speed seek mode) and setting the
driving voltage applied to the motor driver to a second 25 driving voltage
lower than the first driving voltage in a second mode (or a high-efficiency
mode). The first mode is a mode in which priority is given to   - 6  making
faster a seek operation of moving a head to a target track on the disk. The
second mode is a mode in which priority is given to reducing the power loss
in the motor driver. The motor driver drives both the 5 spindle motor and
the voice coil motor with the driving voltage applied to the motor driver.
Additional objects and advantages of the invention will be set forth in the
description which follows, and in part will be obvious from the 10
description, or may be learned by practice of the invention. The objects
and advantages of the invention may be realized and obtained by means of
the instrumentalities and combinations particularly pointed out
hereinafter. 15 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING The
accompanying drawings, which are incorporated in and constitute a part of
the specification, illustrate embodiments of the invention, and together
with the general description given above and the detailed 20 description of
the embodiments given below, serve to explain the principles of the
invention. FIG. 1 is a block diagram showing the configuration of a hard
disk drive according to a first embodiment of the present invention; 25
FIG. 2 is a flowchart to help explain the operation of driving the motor in
the first embodiment;   FIG. 3 is a flowchart to help explain the mode
setting in the first embodiment; 



FIGS. 4A and 4B are flowcharts to help explain modifications of the first
embodiment; 5 FIG. 5 is a block diagram showing the configuration of a hard
disk drive according to a second embodiment of the present invention; FIG.
6 is a flowchart to help explain the operation of driving the motor in the
second 10 embodiment FIG. 7 is a flowchart to help explain a modification
of the second embodiment; FIG. 8 is a block diagram showing the
configuration of a hard disk drive according to a 15 third embodiment of
the present invention; and FIG. 9 is a flowchart to help explain the
operation of driving the motor in the third embodiment. DETAILED
DESCRIPTION OF THE INVENTION 20 Hereinafter, referring to the accompanying
drawings, embodiments of a hard disk drive to which the present invention
is applied will be explained. [First Embodiment] FIG. 1 is a block diagram
showing the 25 configuration of a hard disk drive according to a first
embodiment of the present invention. The supply voltage for a hard disk
drive (hereinafter, referred   _ g _ to as an HDD) of FIG. 1 is, for
example, 5 V. The supply voltage Vcc of a host (not shown) using the HDD is
used as the supply voltage for the HDD. That is, the host supplies a supply
voltage Vcc of 5 V 5 to the HDD. The 5-V supply voltage Vcc is applied to a
voltage booster 11. The voltage booster 11 is a power supply unit capable
of varying the voltage. Receiving the supply voltage Vcc from the host, the
voltage booster 11 steps up (or converts) the 10 voltage Vcc to a voltage
Eg00ST of a voltage level specified via a signal line 182 by a CPU 18
explained later. The voltage Eg00ST is supplied from the voltage booster 11
to a motor driver 12. The supply voltage Vcc is also supplied from the host
to the 15 motor driver 12. The supply voltage Vcc from the host is used as
the supply voltage for the motor driver 12. The motor driver 12 includes an
SPM (spindle motor) driver 121 and a VCM (voice coil motor) driver 122. The
SPM driver 121 drives a spindle motor 20 (hereinafter, referred to as an
SPM) 13. The VCM driver 122 drives a voice coil motor (hereinafter,
referred to as a VCM) 14. The voltage Eg00ST supplied from the voltage
booster 11 to the motor driver 12 is used as a driving voltage necessary
for the SPM driver 



25 121 and VCM driver 122 in the motor driver 12 to drive the SPM 13 and
VCM 14, respectively. The SPM 13, which is a three-phase brushless   - 9
direct-current motor, has three phase motor coils. The three phases are
generally expressed as U, V, W. One end of each of the three phase motor
coils is connected together. In the SPM 13, the terminal to 5 which one end
of each of the coils is connected together is referred to as terminal COM.
The terminals of the other ends of the three phase motor coils are referred
to as terminals U, V, and W, respectively. The SPM 13 rotates a disk 15
serving as 10 a recording medium, at high speed. The VCM 14 forms a driving
source for an actuator 17 that supports a head 16. The VCM 14 drives the
actuator 17, thereby moving the head 16 along the radius of the disk 15. On
the recording surface of the disk 15, a 15 plurality of servo areas (not
shown) are arranged radially along the radius of the disk 15 and discretely
at regular intervals in the circumferential direction. In each servo area,
servo data is recorded. The servo data is used to move the head to 20 the
target track and position the head in a specific range of the target track.
The servo data includes a servo mark, a track code (or cylinder number),
and a burst signal. The servo mark in the servo data is a unique pattern
for identifying the servo data. 25 The track code and burst signal are used
as position information for positioning the head 16 in the target range of
the target track. More specifically, the   - 10  track code indicates a
track (or cylinder) on which the corresponding servo area is located. In
the HDD, seek control is performed in which the head 16 is moved to the
target track on the basis of the track 5 code. The burst signal indicates
relative position information (or position error) about the head in the
track on which the corresponding servo area is located. In the HDD, after
seek control is completed, tracking control is performed in which the head
16 is 10 positioned in the target range of the target track. The head 16 is
a transducer used not only for writing (or recoiling) data onto the disk 15
but also for reading (reproducing) the data recorded on the disk 15. The
very small signal (or read signal) read 15 from the disk 15 by the head 16
is amplified by a read amplifier (not shown). The amplified read signal is
binarized by a read/write channel (not shown). The binarized signal is
supplied to a servo controller 19. The servo controller 19 detects the
servo mark in the 20 servo data from the signal binarized by the read/write
channel. The servo controller 19 also detects from the binarized signal the
position information (or track code and burst signal) following the
detected servo mark. The position information detected by the 25 servo
controller 19 is output to the CPU 18. The servo controller 19 generates a
pulse (hereinafter, referred to as a servo mark detection pulse) SSP each 



- 11  time the servo mark is detected. The pulse SSP is used as an
interrupt signal to the CPU 18. The CPU 18 includes a nonvolatile memory,
such as a ROM 180. In the ROM 180, a control program 181 to 5 be executed
by the CPU 18 is stored in advance. The CPU 18 is a controller that
realizes the function described below by executing the control program l81.
Specifically, the CPU 18 has the function of detecting the terminal voltage
ESpM of the SPM 13. The terminal 10 voltage ESpM of the SPM 13 is the
voltage between each of the terminals U, V, and W of the SPM 13 and
terminal COM. The CPU 18 also has the function of controlling the voltage
booster 11 via the signal line 182 according to the increase or decrease in
the 15 terminal voltage ESpM of the SPM 13. By this control, the output
voltage EB00ST of the voltage booster 11 is varied. The CPU 18 further has
the function of performing seek control to move the head 16 to the target
track and tracking control (or head positioning 20 control) to position the
head 16 in the target range of the target track. The CPU 18 starts a servo
interrupt process each time the servo controller 19 outputs a servo mark
detection pulse SSP. In the interrupt process, the CPU 18 determines a
control 25 variable (or manipulated variable) necessary for seek control or
tracking control. The determined control variable is given to the VCM
driver 122 in the motor   - 12  driver 12. The supply voltage Vcc from the
host is used as the supply voltage for the CPU 18 and servo controller 19
as with the supply voltage of the motor driver 12. 5 Next, the operation of
driving the motor in the HDD of FIG. 1 will be explained by reference to a
flowchart in FIG. 2. In starting the HDD of FIG. 1, to cause the SPM 13 to
reach the steady rotational speed quickly, the voltage booster 11 is
controlled as 10 follows. The CPU 18 specifies a voltage E~ (a first
driving voltage) as the voltage level of the output voltage Eg00ST via the
signal line 182 to the voltage booster 11 (step S1). The voltage E~ is the
maximum voltage to which the voltage booster 11 can step up 15 the voltage.
The voltage booster 11 steps up the supply voltage Vcc supplied from the
host to the voltage E~ in response to the instruction given by the CPU 18.
That is, the voltage booster 11 sets the output voltage EBOOST of the
voltage booster 11 to the 20 voltage E~. The output voltage Eg00ST (- EMAX)
of the voltage booster 11 is supplied to the SPM driver 12 and VCM driver
122 in the motor driver 12. The output voltage EBOOST (- EMAX) supplied
from the voltage booster 11 



25 is used as the driving voltage for the SPM driver 121 and VCM driver 122
to drive the SPM 13 and VCM 14, respectively. Therefore, when the voltage
Eg00ST is   - 13  the maximum voltage E~ (the first driving voltage) as in
this example, the motor driver 12 can swiftly drive the SPM 13 at a steady
rotational speed (step S2). 5 When the SPM 13 has reached the steady
rotational speed, the CPU 18 controls the voltage booster 11 as described
below according to, for example, the mode determined by the instruction
given by the host. By this control, the voltage EB00ST (or the driving 10
voltage) supplied from the voltage booster 11 to the SPM driver 121 and VCM
driver 122 in the motor driver 12 is varied. There are two modes determined
by the instruction given by the host: a high-speed seek mode (a first mode)
and a high-efficiency mode (a second 15 mode). The high-efficiency mode is
a mode in which priority is given to the reduction of the power consumption
in the motor driver 12. In the highefficiency mode, the output voltage
EB00ST of the voltage booster 11 is controlled so as to reduce the 20 power
loss in the motor driver 12. On the other hand, the high-speed seek mode is
a mode in which priority is given to making faster a seek operation in the
seek control period. In the high-speed seek mode, the voltage Eg00ST is
controlled so as to increase the 25 speed of the VCM 14. The speed of the
VCM 14 represents the moving speed (or seek speed) of the head 16 supported
by the actuator 17.   - 14  The CPU 18 determines whether the HDD is set in
either the high-speed seek mode or the high-efficiency mode (step S3). If
the HDD is set in the high efficiency mode, the CPU 18 first detects the
terminal 5 voltage ESpM of the SPM 13 (step S4). Then, the CPU 18
calculates the minimum voltage EMIN (the second driving voltage) necessary
to drive the SPM 13 at a steady rotational speed (step S5). In calculating
the minimum voltage EMIN, a margin ~ E is used to give 10 a little margin
to the voltage EMIN Specifically, the voltage EMIN ( ESPM) is calculated
using the following equation: EMIN - ESPM + ~E (2) Instead of detecting the
terminal voltage ESpM of 15 the SPM 13, the current (SPM current) flowing
through the coil of the SPM 13 may be detected. In this case, the voltage
EMIN can be calculated using the following 



equation: EMIN = Ee + ISPM*RSPM + D E (3) 20 where RSpM is the resistance
of the coil of the SPM 13 and Ee is the back EMF voltage generated in the
coil as a result of the rotation of the SPM 13. The calculation using
equation (3) is affected by a variation in the resistance RSpM of the coil
of the 25 SPM 13 and a variation in the back EMF voltage Ee. Therefore, the
voltage EMIN calculated according to equation (3) is inferior in accuracy
to the voltage   - 15  EMIN Calculated according to equation (2), using the
terminal voltage ESpM of the SPM 13. Next, the CPU 18 controls the voltage
booster 11 via the signal line 182 in such a manner that the 5 voltage
level of the output voltage Eg00ST of the voltage booster 11 becomes the
voltage EMIN (step S6). As a result, the output voltage Eg00ST of the
voltage booster 11 is set to the voltage EMIN Then, the SPM driver 121 uses
the minimum voltage EMIN (EMIN ~ EMAX) 10 necessary to drive the SPM 13 at
a steady rotational speed as the driving voltage (the second driving
voltage) and drives the SPM 13 with the driving voltage. As a result, the
power loss in the motor driver 12 can be minimized. 15 In contrast, when
the host specifies the high speed seek mode (step 53), the CPU 18 controls
the voltage booster 11 in such a manner that the voltage level of the
output voltage Eg005T of the voltage booster 11 becomes the maximum voltage
E~ (the first 20 driving voltage) (step S7). As a result, the output
voltage Eg00ST of the voltage booster 11 is set to the voltage E~. The
output voltage Eg00ST (- EMAX) of the voltage booster 11 is applied to the
SPM driver 121 and VCM driver 122 in the motor driver 12. When 25 the
voltage Eg00ST is the maximum voltage E~ as in the example, the maximum
current (the maximum VCM current) allowed to flow from the VCM driver 122
to  



- 16  the VCM 14 increases. Therefore, the CPU 18 sets the control variable
corresponding to the increase in the current in the VCM driver 122, which
makes the speed of the VCM 14 faster. This enables a seek operation 5 to be
carried out at high speed. Next, the mode setting in the HDD of FIG. 1 will
be explained by reference to a flowchart in FIG. 3. In the first embodiment
of the present invention, when receiving a command from the host, the CPU
18 carries 10 out a process explained below. First, the CPU 18 determines
whether the received command is a seek command (a command needing a seek
operation) (step S11). If a command other than a seek command is received,
the CPU 18 executes the received command. 15 In contrast, if a seek command
is received, the CPU 18 sets the HDD of FIG. 1 in the high-speed seek mode
(step S12). Then, the CPU 18 starts seek control to move the head 16 to the
track specified by the received seek command (that is, the target track on
20 the disk 15) (step s13). In the period of seek control, the HDD of FIG.
1 is set in the high-speed seek mode. Therefore, in the period of seek
control, a seek operation can be carried out at high speed as described
above. The CPU 18 continues seek control 25 until the head 16 has reached
the target track, that is, until the seek operation is completed (steps
S13, S14).   - 17  After the seek operation is completed (step S14), the
CPU 18 changes the mode of the HDD from the high-speed seek mode to the
high-efficiency mode (step S15). In the high-efficiency seek mode, the SPM
5 driver 121 drives the SPM 13, using the voltage EMIN as the driving
voltage (the second driving voltage). The voltage EMIN is the minimum
voltage necessary for the SPM driver 121 to drive the SPM 13 at a steady
rotational speed. Therefore, in the high-efficiency 10 mode, the power loss
in the SPM driver 121 (or motor driver 12) can be minimized. As described
above, in the first embodiment of the present invention, the output voltage
Eg00ST of the voltage booster 11 is set to the maximum voltage 15 E~ (the
first supply voltage) in the period of seek control where high-speed
seeking is required. As a result, a high seek speed can be realized. In a
period other than the period of seek control (excluding the start-up time
of the HDD), the output 20 voltage Eg00ST of the voltage booster 11 is set
to the voltage EMIN (the second supply voltage) lower than the voltage E~.
This enables the power loss in the motor driver 12 to be reduced. A period
other than the period of seek control occupies almost a11 of the 25 period
in which the HDD of FIG. 1 operates. Accordingly, the power loss in the
motor driver 12 is reduced remarkably.   



- 18  [A modification of the first embodiment] Referring to flowcharts in
FIGS. 4A and 4B, a modification of the first embodiment of the present
invention will be explained using a case where mode 5 setting is done in a
different procedure from that in the flowchart of FIG. 3. First, the CPU
18, receiving a seek command from the host (step S21), sets the HDD of FIG.
1 in the high-speed seek mode (step S22). Thus, the condition for setting
the high-speed seek 10 mode is the same as in the flowchart of FIG. 3 (in
the first embodiment). What differs from the flowchart of FIG. 3 is the
condition for setting the highefficiency mode as described below. When
having completed the execution of the 15 command specified by the host, the
CPU 18 starts a timer (not shown) (step S31). This timer, which is
incorporated in, for example, the CPU 18, measures a preset time. After
starting the timer, the CPU 18 waits for the next command to be given from
the host 20 (step S32). On failing to receive the next command before the
timer expires (steps S32, S33), the CPU 18 determines that it was not given
a command by the host for a specific length of time. In this case, the CPU
18 sets the HDD of FIG. 1 in the high-efficiency 25 mode (step S34). Then,
the CPU 18 brings the HDD of FIG. 1 into the idle state (step S35). The
idle state is a state where, when the host makes no request for   - 19  a
specific length of time, the SPM 13 is allowed to keep rotating the disk 15
with the head 16 retracted to a specific retraction place. One known
retraction place for the head 16 is, for example, a ramp. 5 As described
above, with the modification of the first embodiment, the voltage booster
11 is controlled in the high-efficiency mode in a period in which the HDD
of FIG. 1 is in the idle state (or the idle period). That is, the motor
driver 12 is operated in 10 the high-efficiency mode. Then, when the host
issues a seek command to the HDD, the mode of the HDD is changed from the
high-efficiency mode to the highspeed seek mode. Generally, the non-idle
period including the period of seek control is sufficiently 15 shorter than
the idle period. Therefore, applying the mode setting according to the
flowcharts of FIGS. 4A and 4B enables the power loss in the motor driver 12
in the idle period to be reduced, while keeping the seek speed fast in the
period of seek control. In 20 addition, when it is difficult to vary the
output voltage Eg00ST ~f the voltage booster 11 at high speed, mode
changing conditions different from those in the above example may be used.
For example, the high-efficiency mode may be set in the case of battery 25
driving where the power consumption is important and the high-speed seek
mode may be set in cases excluding the case of battery driving. In this
way, the   - 20  operation modes may be changed according to use. [Second
Embodiment] FIG. 5 is a block diagram showing the configuration of an HDD
(hard disk drive) according to 5 a second embodiment of the present
invention. The same parts as those in FIG. 1 are indicated by the same
reference numerals and a detailed explanation of them is omitted. In FIG.
5, the host supplies a 5-V supply voltage Vcc to the HDD as in the first 10
embodiment. The HDD of FIG. 5 includes voltage booster 21. The voltage
booster 21 steps up the 5-V 



supply voltage Vcc supplied from the host to a voltage EH of a specific
voltage level. In the second embodiment, the voltage EH is 12 V. The 12-V
voltage 15 EH, the output voltage of the voltage booster 12, is applied to
a VCM driver 222 as a driving voltage for the VCM driver 222 in a motor
driver 22 to drive the VCM 14. On the other hand, either the 5-V supply
voltage Vcc or the 12-V voltage EH is applied to an 20 SPM driver 221 in
the motor driver 22 via a selector switch 29. The voltage Vcc or voltage EH
applied to the SPM driver 221 is used as a driving voltage for the SPM
driver 221 to drive the SPM 13. The selector switch 29 is switched
according to a control signal 25 282 output from a CPU 28. The CPU 28
corresponds to the CPU 18 of FIG. 1. The CPU 28 incorporates a ROM 280 in
which a control program 281 is stored in   - 21  advance. The CPU 28 has
the function of detecting the terminal voltage of the SPM 13 as the CPU 18
of FIG. 1 does. The CPU 28 also has the function of switching the driving
voltages for the SPM driver 221 to drive 5 the SPM 13 by controlling the
switch 29 according to the increase or decrease in the terminal voltage of
the SPM 13. Next, the operation of driving the motor in the HDD of FIG. 5
will be explained by reference to a 10 flowchart in FIG. 6. First, in
starting the HDD of FIG. 5, to cause the SPM 13 to reach a steady
rotational speed quickly, the CPU 28 controls the selector switch 29 as
follows. The CPU 28 controls the selector switch 29 with the control signal
282 in 15 such a manner that the driving voltage applied to the SPM driver
221 in the motor driver 22 becomes a voltage EH of 12 V (step S41). That
is, the CPU 28 specifies the 12-V voltage EH as the driving voltage used by
the SPM driver 221. Then, the 12-V voltage 20 EH, the output of the voltage
booster 21, is applied via the selector switch 29 to the SPM driver 221.
The SPM driver 221 uses the 12-V voltage EH as a driving voltage for
driving the SPM 13. This enables the SPM driver 221 to drive the SPM 13 at
the steady 25 rotational speed more quickly than in the case where the 5-V
supply voltage Vcc is used as the driving voltage (step S42).   - 22  After
the SPM 13 reaches the steady rotational speed, the CPU 28 causes the
selector switch 29 to switch the driving voltage used by the SPM driver 221
in the motor driver 22 to the 5-V supply voltage Vcc 5 (step S43). On the
other hand, the 12-V voltage EH stepped up by the voltage booster 21 is
applied constantly to the VCM driver 222 in the motor driver 22. As
described above, in the second embodiment of 10 the invention, when the HDD
(SPM 13) is started, the driving voltage necessary for the SPM driver 221
to drive the SPM 13 is switched to the 12-V voltage EH. This makes it
possible to drive the SPM 13 at the steady rotational speed quickly, which
shortens the 



15 starting time of the SPM 13. On the other hand, the 12-V voltage EH is
always used as the driving voltage necessary for the VCM driver 221 to
drive the VCM 14. That is, when the HDD (SPM 13) is started, the 12-V
voltage EH is used as the driving voltage for the SPM 20 driver 221 and VCM
driver 222 to drive the SPM 13 and VCM 14, respectively. When the HDD (SPM
13) is stared, the VCM driver 222 need not supply current (VCM current) to
the VCM 14. Therefore, the 12-V voltage EH can be used effectively for the
SPM driver 25 221 to drive the SPM 13. Furthermore, in a state where the
HDD (SPM 13) is started and the SPM 13 is rotating at the steady   - 23
rotational speed, the SPM 13 does not require a larger current (SPM
current) than when it is started up. Therefore, the driving voltage
necessary for the SPM driver 221 to drive the SPM 13 can be switched from 5
the 12-V voltage EH to the 5-V supply voltage Vcc. This switching enables
the power loss in the SPM driver 221 to be reduced. On the other hand, the
12-V voltage EH is always used as the driving voltage necessary for the VCM
driver 222 to drive the VCM 14. 10 Therefore, when a seek operation is
carried out in a state where the SPM 13 is rotating at the steady
rotational speed, the seek speed can be made faster. [Modification of the
second embodiment] In the second embodiment, after the HDD (SPM 13) 15 is
started, the 5-V supply voltage Vcc is always used as the driving voltage
necessary for the SPM driver 221 to drive the SPM 13. However, when, for
example, a fluid dynamics bearing SPM is used as the SPM 13, there is a
possibility that the following phenomenon 20 will occur. First, in the
fluid dynamics bearing SPM, the motor load varies greatly with the ambient
temperature. In this case, the minimum voltage necessary to rotate the SPM
13 steadily can vary and exceed 5 V. In such a state, it is difficult for
the 25 SPM driver 221 to drive the SPM 13 at a steady rotational speed on
the 5-V supply voltage. That is, even after the SPM 13 is started, when the
load on the   - 24  SPM 13 increases, it may be difficult to drive the SPM
13 at the steady rotational speed on the 5-V supply voltage Vcc. To
overcome the problem, even if the load on the 5 SPM 13 increases after the
HDD (SPM 13) is started, the SPM 13 is made able to be driven at the steady
rotational speed in the modification of the second embodiment. A first
characteristic of the 



modification of the second embodiment is that the 10 minimum voltage EMIN
necessary to rotate the SPM 13 steadily after the SPM 13 is started is
calculated, for example, at regular intervals. A second characteristic of
the modification of the second embodiment is that the driving voltages
necessary for 15 the SPM driver 221 to drive are switched according to the
calculated voltage EMIN Hereinafter, the modification of the second
embodiment of the invention will be explained by reference to a flowchart
in FIG. 7. 20 First, in starting the HDD of FIG. 1, to cause the SPM 13 to
reach the steady rotational speed quickly, the CPU 28 controls the selector
switch 29 as follows. The CPU 28 controls the selector switch 29 with a
control signal 282 in such a manner that the 25 driving voltage used by the
SPM driver 221 becomes a 12-V voltage EH (step S51). Then, the 12-V voltage
EH is applied to the SPM driver 221. The SPM driver 221   - 25  uses the
voltage EH as the driving voltage and drives the SPM 13. As a result, the
SPM driver 221 can drive the SPM 13 at the steady rotational speed more
quickly than in the case where the 5-V supply voltage Vcc is 5 used as the
driving voltage (step S52). When the SPM 13 has reached the steady
rotational speed, the CPU 28 detects the terminal voltage ESpM of the SPM
13 (step S53). Next, the CPU 28 calculates the minimum voltage EMIN
necessary to drive the SPM 13 10 at the steady rotational speed from the
detected terminal voltage ESpM (step S54). Here, the CPU 28 calculates the
voltage EMIN in the same manner as in step S5 of the first embodiment (step
S54). That is, the CPU 28 calculates the voltage EMIN using 15 equation
(2): EMIN - ESPM + ~ E. Next, the CPU 28 determines whether the calculated
minimum voltage EMIN has exceeded 5 V (step S55). If EMIN has not exceeded
5 V, the CPU 28 causes the selector switch 29 to change the driving 20
voltage used by the 5PM driver 221 to the 5-V voltage Vcc (step S56). In
contrast, if EMIN has exceeded 5 V, the CPU 28 causes the selector switch
29 to change the driving voltage used by the SPM driver 221 to the 12-V
voltage EH (step S57). After the SPM 13 25 has reached the steady
rotational speed, or after the HDD (SPM 13) is started, the CPU 18 repeats
the processes, starting from step S53.   - 26  



In the modification of the second embodiment, the SPM 13 is so designed
that the minimum voltage EMIN necessary to drive the SPM 13 is a little
lower than 5 V at room temperature. In this example, since the 5 SPM 13 is
normally driven with 5 V, the power loss in the SPM driver 221 is small.
When the load on the SPM 13 increases and the minimum voltage EMIN
necessary to drive the SPM 13 has exceeded 5 V, switching is done to drive
the SPM 13 with 12 V. This enables the 10 rotational speed of the SPM 13 to
be kept at the steady rotational speed. When a fluid dynamics bearing SPM
is used as the SPM 13, the load on the SPM 13 varies greatly with the
ambient temperature. The modification of the second embodiment, however,
can 15 drive the SPM in a low-temperature environment where the load is
large, while preventing the power consumption at room temperature from
increasing. In the second embodiment and its modification, the supply
voltage supplied from the host to the HDD 20 of FIG. 5 is only the 5-V
supply voltage Vcc. In addition, for example, the host may supply two kinds
of supply voltage, 5 V and 12 V, to the HDD. That is, a 5-V power supply
and a 12-V power supply may be used. In this case, there is no need to
provide the 25 voltage booster 21 in the HDD of FIG. 5. Furthermore, the
host may supply only a 12-V supply voltage to the HDD and the 12-V supply
voltage may be stepped   - 27  down to 5 V. In this case, the 12-V supply
voltage is supplied directly from the host to the VCM driver 222 and the
12-V supply voltage or the 5-V supply voltage output from a step-down
circuit is supplied via the 5 selector switch 29 to the SPM driver 221.
Furthermore, instead of using two power supplies (voltage sources)
differing in voltage, or the 12-V power supply and 5-V power supply, two
power supplies (current sources) differing in the maximum current 10 they
can supply may be used. In this case, a first current source that can
supply a larger maximum current may be used in place of the 12-V power
supply (the first power supply) and a second current source that can supply
a smaller maximum current than the 15 first power supply may be used in
place of the 5-V power supply (the second power supply). [Third Embodiment]
FIG. 8 is a block diagram showing the configuration of an HDD (hard disk
drive) according to 20 a third embodiment of the present invention. The
same parts as those in FIG. 1 are indicated by the same reference numerals
and a detailed explanation of them is omitted. In FIG. 8, the host supplies
two kinds of supply voltage Vcc and Vcc', 5 V and 12 V, to the HDD. 25 Of
these two kinds of supply voltage Vcc and Vcc', the 12-V supply voltage
Vcc' is supplied to the SPM driver 321 in the motor driver 32. The 12-V
supply voltage   - 28  Vcc' is used as a driving voltage necessary for the
SPM driver 321 to drive the SPM 13. On the other hand, either the 5-V
supply voltage Vcc or the 12-V supply voltage VCC' is applied via the
selector 5 switch 39 to the VCM driver 322 in the motor driver 32. The
selector switch 39 is switched according to a control signal 382 output
from the CPU 38. The CPU 38 has the function of causing the 



selector switch 39 to switch the driving voltages used 10 for the VCM
driver 322 to drive the VCM 14. In the HDD of FIG. 8, the maximum current
(maximum VCM current) I~ that the VCM driver 322 in the motor driver 32 can
supply to the VCM 14 is: I~ _ (E - Ee) /R (9) 15 where E is the driving
voltage applied to the VCM driver 322, that is, E is the driving voltage
necessary for the VCM driver 322 to drive the VCM 14, Ee is the back EMF
voltage generated in the motor coil (VCM coil) of the VCM 14 as a result of
the rotation 20 of the VCM 14, and R is the sum of the resistance of the
coil of the VCM 14 and the resistance of the VCM driver 322. The
acceleration produced in the VCM 14 as a result of driving the VCM 14 is
equal to the 25 acceleration of the head 16. The reason is that the head 16
is supported by the actuator 17 driven by the VCM 14. The acceleration of
the VCM 14 (head 16) is   - 29  proportional to the current flowing through
the coil of the VCM 14. Therefore, the higher the driving voltage E applied
to the VCM driver 322, the more the current IMO allowed to flow through the
VCM 14 5 increases, which enables the seek operation to be carried out at
high speed. On the other hand, the power W necessary to drive the VCM 14
is: = IVCM*E (5) 10 where IVCM is the current (VCM current) flowing through
the VCM 14. As seen from equation (5), decreasing the current IVCM makes
the seek speed slower, which enables the power consumption W to be reduced.
Moreover, a 15 decrease in the maximum IMp~ causes the driving voltage E to
be lowered according to equation (4). A drop in the driving voltage E
causes the power consumption W to be reduced according to equation (5).
Therefore, the following can be considered: the supply 20 voltage E is
changed in such a manner that IMO coincides with the value obtained by
adding a little margin 0I to the VCM current IVCM necessary to realize a
desired seek speed. In this way, changing the driving voltage E so as to
satisfy equation 25 IMp,X = IVCM + ~I ('-`. IVCM) enables the power
necessary to drive the VCM 14 to be minimized. Next, the operation of
driving the motor in the   - 30  HDD of FIG. 8 will be explained by
reference to a flowchart in FIG. 9. The servo data recorded in each servo
area on the disk 15 includes a servo mark. The servo mark in the servo data
has a unique pattern 5 for identifying the servo data. The signal read by 



the head 16 from the disk 15 is amplified by a read amplifier and then is
binarized by a read/write channel. The servo controller 19 detects the
servo mark in the servo data from the binarized signal. 10 Then, the servo
controller 19 detects position information (a track code and a burst
signal) following the servo mark and outputs the position information to
the CPU 18. Furthermore, the servo controller 19 generates a servo mark
detection pulse 15 SSP and outputs it to the CPU 38 each time the servo
mark is detected. Each time the servo controller 19 outputs the servo mark
detection pulse SSP, the CPU 38 carries out an interrupt process (servo
interrupt process) according to the flowchart of FIG. 9 as 20 follows.
First, the CPU 38 calculates the current (VCM current) IVCM flowing through
the VCM 14 from the difference between the target position and the head
position indicated by the position information output 25 from the servo
controller 19 (step S61). Obviously, in seek control for moving the head 16
to the target track, the VCM current IVCM becomes larger.   - 31  In
contrast, in tracking control for positioning the head in the target range
of the target track, the VCM current IVCM becomes smaller. The tracking
control is performed after the head 16 has reached the target 5 track (that
is, after the seek is completed). After carrying out step S61, the CPU 38
calculates a driving voltage EVCM that can flow the VCM current IVCM
calculated in step S61 (step S62). Next, the CPU 38 determines whether the
calculated 10 driving voltage EVCM is higher than 5 V (step S63). If the
calculated driving voltage EVCM does not exceed 5 V, the CPU 38 switches
the driving voltage necessary for the VCM driver 322 to drive the VCM 14 to
the 5-V supply voltage Vcc (step S64). The switching is done 15 by
controlling the selector switch 39 in the presence of the control signal
382. In contrast, if the calculated driving voltage EVCM is higher than 5
V, the CPU 38 switches the driving voltage necessary for the VCM driver 322
to drive the VCM 14 to the 12-V 20 Supply voltage VCC~ (step 565). When
executing step 64 or S65, the CPU 38 sets a control variable corresponding
to the VCM current IVCM calculated in step S61 in the VCM driver 322. By
setting the control variable, the CPU 38 causes the VCM driver 322 25 to
pass the calculated amount of VCM current IVCM through the VCM 14 (step
S66). As described above, in the third embodiment,   - 32  the CPU 38
changes the driving voltages, depending on whether the VCM 14 is in a state
where a larger VCM current has to be caused to flow through the VCM 14 (a
first state) or in a state where a smaller VCM 5 current is caused to flow
through the VCM 14 (a second state). The first state appears at the time
of, for example, seek control. The second state appears at the time of, for
example, tracking control. That is, the CPU 38 causes the VCM driver 322 to
use the 12-V 10 driving voltage in the first state and use the 5-V driving
voltage in the second state. This makes it possible to reduce the power
loss in the VCM driver 322 in driving the VCM 14. In the prior art,
however, only the control variable set in the VCM driver is 15 changed
without changing the driving voltage applied to the VCM driver. Therefore,
it is difficult to reduce the power loss in the VCM driver. While in each
embodiment, the present invention has been applied to an HDD (hard disk
drive), the 



20 invention may be applied to a disk drive other than an HDD, such as a
magneto-optical drive, provided that the disk drive includes a spindle
motor that rotates a disk and a voice coil motor that acts as a driving
source for a head actuator. 25 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the invention in its
broader aspects is not limited to   - 33  the specific details and
representative embodiments shown and described herein. Accordingly, various
modifications may be made without departing from the spirit or scope of the
general inventive concept as 5 defined by the appended claims and their
equivalents.   - 34  WHAT IS CLAIMED IS: 1. A method of driving a spindle
motor that rotates a disk and a voice coil motor that acts as a driving
source for a head actuator in a disk drive, 5 the head actuator supporting
a head in such a manner that the head can move along the radius of the
disk, the method comprising: setting a driving voltage applied to a motor
driver that drives both the spindle motor and the 10 voice coil motor to a
first driving voltage in a first mode, the first mode being a mode in which
priority is given to making faster a seek operation of moving the head to a
target track on the disk; and setting a driving voltage applied to the
motor 15 driver to a second driving voltage lower than the first driving
voltage in a second mode, the second mode being a mode in which priority is
given to reducing the power loss in the motor driver. 2. The method
according to claim 1, wherein 20 the setting the first driving voltage
includes causing a power supply unit to output the first driving voltage to
the motor driver, the power supply unit being capable of varying the
voltage level of the driving voltage applied to the motor driver, and 25
the setting the second driving voltage includes causing the power supply
unit to output the second 



driving voltage to the motor driver.   - 35  3. The method according to
claim 2, wherein the first driving voltage is the maximum voltage that the
power supply unit can output. 4. The method according to claim 2, wherein
the 5 second driving voltage is the minimum voltage necessary to drive the
spindle motor at a steady rotational speed. 5. The method according to
claim 4, further comprising: 10 detecting the terminal voltage of the
spindle motor in the second model and determining the voltage level of the
second driving voltage according to the terminal voltage of the spindle
motor. 15 6. The method according to claim 4, further comprising: detecting
the current flowing through the coil of the spindle motor in the second
model and determining the voltage level of the second 20 driving voltage
according to the current flowing through the coil of the spindle motor. 7.
The method according to claim 1, further comprising: setting the first mode
according to a seek 25 command given by a host using the disk drivel and
setting the second mode when a seek operation following the seek command
has been completed.   - 36  8. The method according to claim 1, further
comprising: setting the first mode according to a seek command given by a
host using the disk drivel and 5 setting the second mode when the disk
drive is brought into an idle state. 9. A method of driving a spindle motor
that rotates a disk and a voice coil motor that acts as a driving source
for a head actuator in a disk drive, 



10 the head actuator supporting a head in such a manner that the head can
move along the radius of the disk, the method comprising: selecting a first
power supply as a power supply for a spindle motor driver in starting the
disk drive, 15 the power supply for the spindle motor driver being used for
the spindle motor driver to drive the spindle motor; and switching the
power supply for the spindle motor driver from the first power supply to a
second power 20 supply with a lower capacity than that of the first power
supply, the second power supply also serving as a power supply for a voice
coil motor driver, and the power supply for the voice coil motor driver
being used for the voice coil motor driver to drive the 25 voice coil
motor. 10. A method of driving a spindle motor that rotates a disk in a
disk drive, comprising:   - 37  setting a driving voltage applied to a
spindle motor driver that drives the spindle motor to a first driving
voltage in starting the disk drive setting a driving voltage applied to the
spindle 5 motor driver to a second driving voltage lower than the first
driving voltage in an normal operation after the disk drive is started
detecting a specific state where the spindle motor cannot be driven at a
steady rotational speed, 10 after the disk drive is started; and switching
the driving voltage applied to the spindle motor driver to the first
driving voltage, when the specific state has been detected. 11. The method
according to claim 10, wherein the 15 detecting further comprises:
calculating the minimum voltage necessary to drive the spindle motor at a
steady rotational speed, on the basis of the terminal voltage of the
spindle motor; and 20 determining whether the calculated minimum 



voltage has exceeded the second driving voltage and, if it is determined
that the calculated minimum voltage has exceeded the second driving
voltage, regarding the specific state as having been detected. 25 12. The
method according to claim 10, wherein the detecting further comprises:
calculating the minimum voltage necessary to   - 38  drive the spindle
motor at a steady rotational speed, on the basis of the current flowing
through the coil of the spindle motor; and determining whether the
calculated minimum 5 voltage has exceeded the second driving voltage and,
if it is determined that the calculated minimum voltage has exceeded the
second driving voltage, regarding the specific state as having been
detected. 13. A method of driving a voice coil motor acting 10 as a driving
source for a head actuator in a disk drive, the head actuator supporting a
head in such a manner that the head can move along the radius of the disk,
the method comprising: calculating the amount of current caused to flow 15
through the voice coil motor, from the position of the head and a target
position on the disk, the amount of current being necessary for the voice
coil motor to drive the head actuator to position the head at the target
position within a desired timed and 20 setting the driving voltage applied
to a voice coil motor driver that drives the voice coil motor to either a
first driving voltage or a second driving voltage according to the
calculated amount of current, the second driving voltage being lower than
the first 25 driving voltage. 14. The method according to claim 13, wherein
the setting further comprises:   - 39  calculating the voltage level of the
driving voltage applied to the voice coil motor driver to cause the
calculated amount of current to flow from the voice coil motor driver to
the voice coil motor; 5 setting the driving voltage applied to the voice
coil motor driver to the first driving voltage, when the calculated voltage
level is higher than the second driving voltage; and setting the driving
voltage applied to the voice 10 coil motor driver to the second driving
voltage, when the calculated voltage level is not higher than the second
driving voltage. 15. An apparatus for driving a spindle motor that 



rotates a disk and a voice coil motor that acts as a 15 driving source for
a head actuator in a disk drive, the head actuator supporting a head in
such a manner that the head can move along the radius of the disk, the
apparatus comprising: a motor driver which drives the spindle motor and 20
the voice coil motor; a power supply unit which supplies to the motor
driver a driving voltage necessary for the driver to drive the spindle
motor and the voice coil motor and which is capable of changing the driving
voltage 25 supplied to the motor driver; and a controller which controls
the power supply unit in such a manner that the power supply unit supplies
- 40  a first driving voltage to the motor driver in a first mode and a
second driving voltage lower than the first driving voltage to the motor
driver in a second mode, the first mode being a mode in which priority is
given 5 to making faster a seek operation of moving the head to a target
track on the disk, and the second mode being a mode in which priority is
given to reducing the power loss in the motor driver. 16. An apparatus for
driving a spindle motor that 10 rotates a disk and a voice coil motor that
acts as a driving source for a head actuator in a disk drive, the head
actuator supporting a head in such a manner that the head can move along
the radius of the disk, the apparatus comprising: 15 a spindle motor driver
which drives the spindle motor a voice coil motor driver which drives the
voice coil motor and to which a first driving voltage necessary to drive
the voice coil motor is applied: 20 a switch which switches a driving
voltage, necessary to drive the spindle motor and applied to the spindle
motor driver, to either the first driving voltage or a second driving
voltage lower than the first driving voltages and 25 a controller which
controls the switch in such a manner that the first driving voltage is
applied to the spindle motor driver in starting the disk drive   - 41  and,
after the spindle motor reaches a steady rotational speed, the second
driving voltage is applied to the spindle motor driver. 17. The apparatus
according to claim 16, wherein 



5 the controller, after the spindle motor has reached the steady rotational
speed, detects a specific state where the spindle motor cannot be driven at
the steady rotational speed and, when having detected the specific state,
controls the switch in such a manner 10 that the first driving voltage is
applied to the spindle motor driver. 18. An apparatus for driving a spindle
motor that rotates a disk and a voice coil motor that acts as a driving
source for a head actuator in a disk drive, 15 the head actuator supporting
a head in such a manner that the head can move along the radius of the
disk, the apparatus comprising: a spindle motor driver which drives the
spindle motor and to which a first driving voltage necessary 20 to drive
the spindle motor is applied; a voice coil motor driver which drives the
voice coil motor; a switch which switches a driving voltage, necessary to
drive the voice coil motor and applied to 25 the voice coil motor driver,
to either the first driving voltage or a second driving voltage lower than
the first driving voltage; and   - 42  a controller which calculates, from
the position of the head and a target position on the disk, the amount of
current caused to flow through the voice coil motor to position the head in
the target position 5 within a desired time by driving the head actuator
with the voice coil motor and which controls the switch according to the
calculated amount of current. .AY;
.AYh,.AYA@.AY{@.Ah`.AlA@.AUs.AA.AU`.AhL.Ah`.As{`.As`.Ah`.A{`.A`.AhL.AUs.AhL
.A{`.Ass.AhL.Ah`.A{`.A{&.As9.A{L.AsL.AU`.A.A`.A{s.A;
s/.Ar.Ah_.Ar.Ar.Ass.AU.A{.Ah.A+/c=m8k,0
HT]{vqlgb]X]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]caU]c<a]c<a!][   



QS&hlpY{vqlgb]X]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca!
!""".#U#}#$2$@$h$$$$%C%o%{%%&7&J&p&&''(R*M,},,}xsnid_Z]]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca!,,---..H/}/C01H111123567778}88899(::;
;.<a<}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<=
===>"???@@9AoAAABGBNBBB"CWC(D2FGGGG+HbHH1IhII}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!II*JcJJJJJiKKKK2LfLLLLL/MaMMN7NnNNUOOOOPP*Q^QQ}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!QQQR9RoRRR`SS3TTTUVVW3WHWOWWOXvYEZ
[D[\\abc=cde}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!efGfggg/h_hhhijmkk
lulll0noor"rQrrrr$sTssssst}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!ttguuu
v9vlvvv!wUw\wcxy(zl{||}G}}}!~K~}~~E{JR}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!S4P
(NU\b
}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!180^)S?KxIPj(/_2f|wrmhc^Y]]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]caU]ca]c
a]ca]ca]ca!f-[,krvpJ@GPWk7lS}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!Hx7_f{>}xsni
d_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!kTv`g(^9fCy}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
!y4;
qHO|J5iT}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!TSHOG
ahR#Wm@u}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!O[(JQTR#Wm@u}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/ciK- S10%&'()-t!10%&'()-99M10%&'()-l Y 10%&'()-l
f10%&'()-s10%&'()-Y)10%&'()-=mb@- S10%!# 10%&'()- !10%&'()-!
Y10%&'()-f@10%&'()- 10%&'()- 10%&'()-8k,0aB- S10%!$2F10%&'()-l
2T10%&'()-!-10%&'()-  +10%&'()- @)310%&'()- s'@10%&'()-0_{\=
S10s10%&'()-Y,10%&'()-M 10 10 10 F:-10%&'()-!4m"10%&'()-!4m"10%&'()-H a?{\=
S10!y"10%&'()-   S10%&'()-!d L!10%&'()- 



910%&'()- yf10%&'()- 10%&'()- T]z[<{\= S10 410%&'()-
010%?&'()-!x'm"10%&'()-N!x'm"10%&'()-N %i10%&'()-!y"10%&'()-  [        bC
S10 10%&'()-10%&'()-Y@10%&'()-L 10 10 10 Y:310%&'()-s6 10%&'()- ikx}[<bC
S10l"10%p&'()-T!l"10%&'()-T"10%p&'()-g!"10%&'()-g3 "10%k&'()-!s3
"10%&'()-cj^<.C 10!0"10%&'()-Z !0"10%&'()-Z  /s10%&'()-'!10%&'()-i! '!10%
&'()-i %10%&'()-QdEC 



10! `10%&'()- !10%&'()-z!d !10%&'()-zs10%&'()-Y@10%&'()-L 10 10QS&}^<EC
10!%m"10%&'()- Cm"10%&'()-i!Cm"10%&'()-i
Yi10%&'()-m"10%&'()-t!m"10%&'()-tefghl:rS1 1!d3s 10%&'()-y`10%TU&'()- 10 10
10!610%&'()- 410%&'()-!%m"10%&'()- :pYxzX6rS1
1!!,)m"10%`W`W&'()-!Fm"10%\\&'()-!Fm"10%MM&'()-!
Fm"10%%W%W&'()-!!10%TT&'()-S3s 10%T&'()-yrP1 1!!,)m"10%`W`W!n3!10%&'()-m
10%&'()- 10}} 10}} 10}}!),)m"10%}}&'()-!,)m"10%ee&'()-vX  c!z[9P1
1!!!%"10%&'()-3 lm"10%&'()--!lm"10%&'()--M!10%&'()-!M!10%&'()-!n3!10%&'()-m
c!!G"""""""}oP1 1 f10%g&'()- 10%g&'()- 10 10 10!0s10%&'()-F !0s10%&'()-F
!%"10%''&'()-3 ".#U#}##$2$aBoP1 1 f10 



10%g&'()-! 10%X_X_&'()- 10%g&'()- 910%g&'()- 9`10%g&'()- Y
10%g&'()-2$@$h$$$$%dEoP1 1 f10#10%g&'()- !10%g&'()-  10%g&'()- &M10%g&'()-
Y10%g&'()-y10%g&'()-%C%o%{%%&7&aBoP1 1 f10 010%g&'()-!-
10%oo&'()-3+10%g&'()- S)10%g&'()- s'M10%g&'()- %,10%g&'()-7&J&p&&'''''xmbC
1 f1010%T&'()- 10g 10g 10g S8s10%g&'()-s610%g&'()- 410%g&'()-
210%g&'()-'G''(K(()zX6mbC 1!m"10%TT&'()-m!m"10%MmMm&'()-m!m"10%``&'()-m3
"10%TR&'()-!3 "10%&'()-!3 "10%&'()-)R**+M,z,{,|,},wXMB7 1! 10T 10T 10T 



Y:10%T&'()-!s'"10%jj&'()-!s'"10%TT&'()-!s'"10%HuHu&'()-!m"10%ee&'()-m},,,P-
---aBMB7 1! 10T S10%g&'()- m10%g&'()-3S 10%gO&'()-s!n3S 10%&'()-s s
10%g&'()-`10%g&'()--....H/}/zX9MB7 1! #10%g&'()-!
10%bb&'()-!"10%xx&'()-s!"10%xx&'()-s!"10%gg&'()-s
N10%g&'()-}/C01H111111}^SH= 1!  10g 10g 10g 3:310%g&'()-!`6!10%}?}?&'()-
l410%g&'()-!,s!10%&'()- %s10%g&'()-L1122334}^<SH= 1!
!3"10%}}&'()-@Z"10%z{&'()-f!Z"10%&'()-f`:!10%z&'()-y!n`:!10%&'()-yLl10%z&'(
)-45566~7777}[M?1 1 10** 10**
10**!.!10%**&'()-M!.!10%&'()-Ml%"10%z&'()-T!l%"10%&'()-T3"10%z&'()-@7778}88
8aBM?1 1 10** 1 10%z&'()- 10%z&'()-!s & 10%zz&'()-l 3 10%z&'()-
sF10%z&'()-`10%z&'()-8V999(:Y::^<M?1 1 10**!!"10%&'()-9!!"10%++&'()-9 



i10%z&'()- 310%z&'()-"10%z&'()-`!"10%&'()-`:b;;;.<a<==}^<.1
10}}!`6!10%}}&'()- l4 10%z&'()- 210%z&'()-
010%z&'()-!,)"10%&'()-t!,)"10%&'()-t=== ===>"?gE1 10}}!!sf"10%&'()-l
10%3&'()- 10%&'()-l s10%&'()-s`m10%&'()- 10}} 10}}"???@@9AoAaBE1 10}}!
2`10%&'()-! .10%&'()--10%&'()- %s10%s&'()-#10%&'()-l
10%&'()-oAAABDBEBFBGBNBxmbC 10}}!`m10%&'()- 10 10 10 3:@10%&'()-
@810%&'()-`6!10%&'()- 4@10%&'()-NBBB"CWCC(D~\:mbC
10}}!sM!10%ee&'()-n!sM!10%nn&'()-n{ @10%&'()-s!10%&'()-y
s!10%CC&'()-y)!xs!10%==&'()-y(DDE2FGGGGzXJ<C 10}}! 10--
10--!s."10%--&'()-M!s."10%&'()-Ms3F"10%&'()-!s3F"10%^^&'()-!s3F"10%&'()-GGG
GG+HbHHuV7C 10} !10%g0&'()- &s10%g&'()- 3 10%g&'()- S10%g&'()- 



sy10%g&'()-`Y10%g&'()- 10--HH1IhIII*JaB7C 10}  10%g&'()- 310%g&'()-f
10%g&'()- s&10%g&'()- S10%g&'()-! !10%&'()-*JcJJJJJiKdB7C 10}
!,Z"10%ss&'()- *10%g&'()-  ,)10%g&'()- `'s10%g&'()-
%:10%g&'()-#!10%g&'()-iKKKK2LfLLLLdE:/  10g 10g 3:10%g&'()- @810%g&'()-`6
10%g&'()- l410%g&'()- 2z10%g&'()- 0g10%g&'()-LLLLL/MaMMxY:/  10g3 10%T&'()-
&10%T&'()- F 10%T&'()- S10%T&'()-  s@10%T&'()-`m10%T&'()- 10gMN7NnNNUOOdE:/
10g3# 10%T&'()- 



F 10%T&'()-Mf:!10%T&'()- &10%T&'()-  10%T&'()- M10%T&'()-OOOVPPP*QaB:/  10g
0@10%T&'()- .`10%T&'()-@)Z"10%T&'()-!@)Z"10%MpMp&'()- `'@10%T&'()- %
10%T&'()-*Q^QQQQQQQRxmbC  10g`m10%z&'()- 10T 10T 10T 3:10%T&'()-
S810%T&'()-`6M!10%T&'()- 4@10%T&'()-R9RoRRR`SSaBmbC  10g `10%z&'()-!l
10%zz&'()-M10%z&'()- F S10%z&'()- f10%z&'()- 10%z&'()-ST3TTTUV}[9mbC  10g!
+ 10%zz&'()-!#m"10%xx&'()-s !10%z&'()- &
10%z&'()-!!10%}}&'()-!!10%zz&'()-VVW3WEWFWGWHWOWxmbC  



10g!Ll10%g&'()- 10z 10z 10z F:&10%z&'()- S810%z&'()-s6:10%z&'()-
.10%z&'()-`OWWWOX!YvYZzX6mbC  10!!10%ee&'()-!!10%oMoM&'()-3 !!10%oo&'()-3 !
S!10%gg&'()-!n S!10%&'()-l `t10%g&'()-ZEZ [D[\\\\\}[M?1   10[[ 10[[
10[[!.!10%[[&'()-:!.!10%WW&'()-:l%m"10%g&'()-g!l%m"10%oo&'()-g!10%g&'()-\\\
V]`^!_L_zX6M?1
10!"10%WW&'()-1!"10%}}&'()-1!"10%oo&'()-1!"10%oo&'()-1!"10%HH&'()-1sl10%g&'
()-L_Q`%aaaaab}oP1   10!"10%WWLm10%g&'()- 10gg 10gg
10gg!)"10%gg&'()-1!"10%}}&'()-1!"10%xx&'()-1bbc=ccdd}^<P1
10!!3Z"10%[[&'()-Sm"10%g[&'()-x!m"10%WW&'()-x `10%g&'()- ``!10%g&'()-f!d
``!10%&'()-fdeefGffgg^<.1 10ee!0Y"10%ee&'()-Z !0Y"10%WW&'()-Z  



. 10%g&'()-%M!10%g{&'()-@!%M!10%``&'()-@3Z"10%g&'()-Sggggg/h_hhaB1 10ee!
`10%T&'()-310%T&'()-! 3 `10%TWTW&'()-!& `10%zz&'()-`l10%T&'()- 10ee
10eehh.ii.jj5kzX6B1
10e!,)M!10%W_W_&'()-!Z"10%\\&'()-!Z"10%MM&'()-!M!10%HH&'()-s!M!10%WW&'()-s
10%T&'()-5kmkk lulllllaVK@ 10e! 10T 10T 10T @8S10%T&'()-!l49!10%T?T?&'()-
210%T&'()- .-10%T&'()-,)M!10%T&'()-llm0nnoozX9VK@ 10e!s!10%&'()-
!s!10%&'()- !s!10%&'()- !x!10%&'()-!s!10%&'()-ysm10%&'()-oopqrrrr"rzl^P1
1Ll10%g&'()- 10 10 10!sx'm"10%&'()-!sx'm"10%&'()-!sx'm"10%&'()-q
%k10%&'()-"rQrrrr$sTsdE^P1 1Ll10% 10%g&'()- @ 10%g&'()- S10%g&'()- 3
10%g&'()- S310%g&'()-Y 



`10%g&'()-TsssssttdE^P1 1Ll10%#M!10%g&'()- 3-10%g&'()-sSM!10%g&'()-Y
s10%g&'()- f10%g&'()- Y10%g&'()-tguuu v9vlvdE^P1 1Ll10% 0 10%g&'()-
.y10%g&'()-,!10%g&'()- +10%g&'()- ,)10%g&'()-
%10%g&'()-lvvv!wRwSwTwUw\wuj_@ 1Ll1`10%g&'()- 10g 10g 10g  :10%g&'()-
@810%g&'()-!l4!10%gg&'()- 2s10%g&'()-\w.xcx1yyy(zz[<j_@ 1 10%g&'()-
10%g&'()-!"10%jj&'()-!"10%[[&'()- s!10%g2&'()-!s
s!10%&'()-(z3{l{4||||||zl^P1 1`10%5&'()- 10}} 10}}
10}}!."10%}}&'()-:!."10%oo&'()-:#G"10%g&'()-3 !#G"10%oo&'()-3
|}G}T}}}!~aB^P1 1`10 F10%5&'()- 10%5&'()-! F 10%55&'()- F 



10%&'()- S10%5&'()- s10%5&'()-!~K~}~~E{aB^P1 1`10#!10%5&'()- !10%5&'()-
&10%&'()-!f 10%55&'()-l 10%5&'()- 10%5&'()-JRSdE^P1 1`10 410%5&'()-
.`10%5&'()-, 10%5&'()- +10%5&'()- ,)10%5&'()- %s10%&'()-S4uV7 1Y
10%z&'()-G10%z&'()-l 910%z&'()-&10%z&'()- 1055 1055
1055!`6"10%55&'()-4PaBuV7 1Y  &'10%z&'()-l Y%10%z&'()-f#&10%z&'()-
10%z&'()-!LZ"10%zz&'()- s10%z&'()-P(dEuV7 1Y  8y10%z&'()-96!10%z&'()-
.10%z&'()-,!10%z&'()- *10%z&'()- )10%z&'()-(KLMNU$\_@
1@!10%}&'()-!n@!10%&'()-c L10%&'()-9m10%&'()- 



10z 10z 10z 9 10%z&'()-\.b0+0zX6_@ 1!)F"10%&'()-!)F"10%&'()-! m"10%  &'()-!
m"10%ss&'()-s"10%M&'()-f!s"10%&'()-f0rS1 1!nS!10%[[&'()-s{
``10%z&'()-Lm10%z&'()- 10 10 10!)F"10%&'()-!)F"10%&'()- ^<rS1
1!n!3!10%xx&'()-  !3!10%&'()-  !10%z&'()-x!!10%jj&'()-xl
10%z&'()-S!10%zF&'()-s ./01wi[M1 1!n!3!10 10 10
10!.m"10%&'()-:!.m"10%&'()-:!L'm"10%zz&'()-t!$L'm"10%]]&'()-t180^aBM1 1!n!
10%&'()- 10%&'()-3 @ 10%&'()-!|3 @ 10%&'()-l `10%&'()-Lm10%&'()-)SdBM1
1!n!!s!m"10%&'()-  10%&'()- 10%&'()-l 310%&'()-sS 10%&'()- 



ss10%&'()-?Kx}[<M1 1!nsl4M!10%&'()-!sl4M!10%^^&'()-l y210%&'()-
010%&'()-!s,`!10%&'()-!s!m"10%&'()- FGHIPj~\: 1!n!
`10%zz&'()-!~s:!10%&'()-Y !ss:!10%&'()-Y `m10%z&'()- 10 10 10
@810%&'()-zX9~\:
1!n%m"10%z&'()-S!%m"10%ee&'()-S&Z"10%z&'()-!&Z"10%nn&'()-!s10%&'()-!s10%&'(
)-%&'(/_{\= 1!nq k10%z&'()-ym10%z&'()- 10z 10z 10z 3:y10%z&'()-!."10%&'()-3
!."10%e e &'()-3 _2f-[}^?{\= 1!n Y10%z&'()- 10%z&'()-t! 10%ee&'()-t
10%z&'()-M!10%z&'()-!sM!10%&'()-[,hi}[9+=
10VV!.!10%VV&'()-M!.!10%xx&'()-M%G"10%z&'()--!%G"10%nn&'()-->'!10%z&'()-n!>
'!10%nn&'()-nijkrFv9paB= 10VV!s 10%&'()-g!s
10%&'()-g!10%,&'()-z!d!10%&'()-zym10%&'()- 10VV 10VVpINM}[9B=
10VV!s.Y"10%&'()-Y !s.Y"10%&'()-Y ` "10% &'()- !` "10%&'()- !` "10%&'()- 



q Ye10%&'()-~_=0VV!!!10%}}&'()-Ss!10%z&'()-!is!10%nn&'()-sm10%z&'()- 10 10
10F
Y:10%&'()-JOzX6~_=0VV!@)m"10%&'()-!@)m"10%&'()-!@)m"10%}}&'()-!Y3"10%&'()-!
Y3"10%nn&'()-!10%zF&'()-S=>?@GMNOuVK@VV! 10< 10<:!10%<&'()-l
z10%<&'()-sl10%<&'()- 10 10 10! @)m"10%&'()-OPWk7xY:VK@VV! @ 10%z&'()-
L10%z&'()- l  10%z&'()- 10%z&'()-f 10%z&'()-Y10%z&'()- 10<7lSdE:VK@VV! l
t10%z&'()-Z"10%z&'()- 10%z&'()-l 10%z&'()- &10%z&'()-
10%z&'()-SHxdE:VK@VV!  'y10%z&'()- % 10%z&'()-#10%z&'()-l "10%z&'()- ,
10%z&'()- L10%z&'()-x7dE:VK@VV!  8310%z&'()-6`!10%z&'()- ,/s10%z&'()-L-
10%z&'()-l l+10%z&'()- )10%z&'()-7\]^_f~_@@VV! `10%g&'()- 



310%g&'()-! 10%gg&'()-m10%g&'()- 10z 10z 10z :10%z&'()-{aB~_@@VV!
Y10%g&'()-@ 10%g&'()- 10%g&'()- 10%g&'()-
`10%g&'()-!i3@s10%ww&'()-}[9~_@@VV!!l+10%o"o"&'()-!l+10%gg&'()-!
'10%gg&'()- %10%g&'()-$10%g&'()-! `S10%gg&'()->{m_Q2@l10%5&'()- 10gg 10gg
10gg! 8F10%gg&'()-610%g&'()-  210%]X]&'()-!l+10%WW&'()-:k~_@_Q2@l 10%5&'()-
10%5&'()- L, 10%5&'()-!| L, 10%iYiY&'()-  10%&'()- 10%5&'()-TdB_Q2@l! ,
910%55&'()- L&10%5&'()- l10%5&'()-:!10%5&'()- 10%5&'()- @10%5&'()-v}^?_Q2@6
10%5&'()- ,/10%5&'()-`y)!10%{&'()-!y)!10%55&'()-
'10%5&'()-!#Z"10%&'()-]^_`guV7@ Y 10%z&'()- y10%z&'()- 



10%z&'()-l10%z&'()- 1055 1055 1055!S 810%55&'()-(^dEuV7@ Y l -10%z&'()-l
10%z&'()- f10%z&'()- `10%z&'()- ,, 10%z&'()- L10%z&'()-9fdEuV7@ Y
#10%z&'()-" 10%z&'()- , 10%z&'()- L10%z&'()-l l10%z&'()-:10%z&'()-CydEuV7@
Y  /10%zs&'()-9-10%z&'()-l Y+10%z&'()- y)10%z&'()- '10%z&'()-l
%10%z&'()-1234;qbC@ Y 10%&'()-sl10%&'()- 10z 10z 10zl l:10%z&'()-
810%z&'()-6m"10%z&'()-qzX9bC@l !10%&'()-!f!10%}}&'()- 10%&'()-!d
k!10%nn&'()-5!Q k!10%&'()-5!n k!10%&'()-5EFGHOzl^P1@m10%T&'()- 10 10 



10!I y8s10%&'()-!s/F"10%&'()-fs#m"10%{&'()-F !s#m"10%&'()-F O|JdE^P1@m10%
S10%T&'()-FM!10%T&'()- 910%T&'()- Y 10%T&'()- y10%T&'()-
10%T&'()-5idE^P1@m10% 910%T&'()- Y10%T&'()-y!10%T&'()- 10%T&'()- @10%T&'()-
s10%T&'()-TdE^P1@m10% f) 10%T&'()- '10%T&'()- %-10%T&'()-#z 10%T&'()-
!-10%T&'()-  10%T&'()-SdE^P1@m10% 410%T&'()- 2f10%T&'()- 0S10%T&'()-
/y10%T&'()-&-10%T&'()- F+10%T&'()-EFGHObC@m10% `10%g&'()-l10%g&'()- 10T 10T
10T Y:@10%T&'()-
y810%T&'()-610%T&'()-*GzX6bC@!'!10%ee&'()-!yM!10%[[&'()-!yM!10%jj&'()-
10%g&'()-!n c !10%&'()-= 



! c !10%&'()-=  ^_`ahrS4@ Z10%m&'()-m10%m&'()- 10xx 10xx
10xx!/!10%xx&'()-:!/!10%jj&'()-:'!10%gH&'()-R#WdErS4@ Z10y10%m&'()-
s10%m&'()-3- 10%m&'()-910%m&'()- Y 10%m&'()- ff10%m&'()-Wm@udErS4@ Z10
%10%m&'()-#:!10%m&'()- !10%m&'()-  @10%m&'()-& 10%m&'()-
Y10%m&'()-uO[dErS4@ Z10 010%m&'()- .10%m&'()-&-310%m&'()- 3+S10%m&'()-
S)f10%m&'()- ' 10%m&'()-[(GHIJdYNC@ Z1 10m 10m 10m Y:10%m&'()-
f8s10%m&'()-6 10%m&'()- 4s10%m&'()- 



2y10%m&'()-JQTdEYNC@ Z1 ,10%<&'()-l Lt10%<&'()-l l  10%<&'()-l  10%<&'()-Y
10%<&'()-ym10%<&'()-TdEYNC@ Z1 ,10%<&'()-l Lt10%<&'()-l l  10%<&'()-l
10%<&'()- 10%<&'()-l 10%<&'()- Normal" "Heading 13]c" "Heading 23]c"
"Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Heading 83]c" "Heading 93]c"A "Default Paragraph Font
g$|).4:F?DINGTY^dioTty~M0H'j?O^_3GG`I  "$&(],a<IQetfyT0
Q:c!"2$%7&')},-}/1478:="?oANB(DGH*JiKLMO*QRSVOWZ\L_bdgh5klo"rTstlv\w(z|!~S4
P(\0 1_[ipO7Sx7qOWu[JT  6Times New RomanArialCourier New"h Root
EntryWordDocument?   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~   


