
;e3ennDF"&H6~T[-1- TITLE OF THE INVENTION APPARATUS AND METHOD FOR
CONTROLLING HEAD UNLOAD OPERATION IN DISK DRIVE BACKGROUND OF THE INVENTION
5 The present invention relates to a disk drive having a head that reads
data written on a recording surface of a disk. In particular, the present
invention relates to an apparatus and method for controlling a head unload
operation in a disk drive, 10 which apparatus and method are suitable for
reducing power consumption when the head is unloaded in a particular area
away from the recording surface of the disk. Recent disk drives, for
example, hard disk drives 15 generally comprise ramps. The ramp provides an
area to which a head is retracted. The ramp is located away from a
recording surface of a disk. The head is supported by a suspension. The
suspension is formed at a tip of an actuator. The actuator moves the head
20 in a radial direction of the disk. The actuator includes a voice coil
motor (VCM) that drives the actuator. The voice coil motor includes a
magnet (permanent magnet) that produces magnetic fields. A tab is formed at
a tip of the suspension. Actually, 25 the tab is retracted to the ramp.
However, for simplification, a common description is that the head is
retracted to the ramp. An operation of retracting   - 2  the head to the
ramp is called an "unload" (head unload). In contrast, an operation of
moving the head from the ramp onto the recording surface is called a "load"
(head load). 5 A torque TU applied to the actuator during a head unload
operation is expressed by: TU = FUL1 (1) where FU denotes a force resulting
from the friction between the ramp and the tab during the head unload 10
operation. Ll denotes the distance between the rotation center of the
actuator and the tab (that is, the length of an arm of the actuator). To
enable a head unload operation, it is necessary that a torque TVCM
generated by the voice 15 coil motor is higher than the torque TU, applied
to the actuator during the head unload operation. The torque TVCM is
expressed by: 



TVCM - FVCML2 (2) where FVCM denotes a force generated by the voice coil 20
motor. L2 denotes the distance between the rotation center of the actuator
and the center of the voice coil motor. FVCM is expressed by: FVCM
2BNIVCML (3) 25 where B denotes the intensity of magnetic fields generated
by the magnet of the voice coil motor. N denotes the number of turns in a
coil (voice coil)   - 3. of the voice coil motor. L denotes the effective
length of the coil. IVCM denotes a driving current (VCM current) flowing
through the voice coil motor. On the basis of equations (2) and (3), TVCM
is 5 expressed by: TVCM - FVCML2 = 2BNIVCMLL2 (4) As is apparent from
equation (4), TVCM is proportional to the current IVCM A coefficient for
the proportion of TVCM to the current IVCM (2BNLL2) is 10 called a torque
constant. Here, the intensity B of electric fields is generally
proportional to the thickness of the magnet. In other words, in equation
(4), B, L, and L2 are elements relating to the length (device scale).
Accordingly, TVCM is proportional to 15 the third power of the length
(device scale). On the other hand, if a suspension load is fixed, FU is not
dependent on the length. Accordingly, TU expressed by equation (1) is
proportional to the first power of the device scale. In this manner, TVCM
is 20 proportional to the third power of the device scale, whereas TU is
proportional to the first power of the device scale. Thus, when an attempt
is made to reduce the size of the hard disk drive (for example, from
2.5-inch type to 1-inch type), a decrease in TVCM is 25 larger than that in
TU. In other words, TU (the torque applied to the actuator during a head
unload operation) is relatively larger than TVCM (the torque,   - 4
generated by the voice coil motor). As described in, for example, Jpn. Pat.
Appln. KOKAI Publication No. 2001-155455, the terminal voltage EVCM of the
coil (voice coil) of the voice 



5 coil motor (that is, the terminal voltage of the voice coil motor) is
expressed by: EVCM - RIVCM + 0 E (5) where R denotes the resistance of the
voice coil. Further, 0 E represents a back electromotive force 10 voltage
(back-EMF-voltage) generated by the voice coil. The voice coil motor is
driven by a motor driver (voice coil motor driver). A power supply voltage
(driving voltage) for driving the motor driver is 15 indicated by Ep. The
difference between Ep and EVCM represents a voltage drop in the motor
driver. Consequently, a power loss FLOSS in the motor driver is expressed
by: FLOSS - (EP - EVCM) IVCM (6) 20 As is apparent from equation (6), the
power loss FLOSS in the motor driver decreases consistently with the
difference between Ep and EVCM. In general, in a seek operation of moving
the head to a target track on the disk, the back-EMF-voltage 0 E is lower
than a 25 voltage drop RIVCM in the coil. Thus, the voice coil of the voice
coil motor is designed so that the value of RIVCM during a seek operation
nears the power   - 5  supply voltage Ep. This design enables the power
loss in the motor driver to be minimized. As described above, a reduction
in the size of the hard disk drive increases the torque TU, applied 5 to
the actuator during a head unload operation, relatively to the torque TVCM,
generated by the voice coil motor. To enable the head unload operation, it
is necessary that TVCM is higher than TU. The torque that enables the head
unload operation, that is, the 10 torque to be generated by the voice coil
motor so as to overcome the torque TU is called a "torque required for a
head unload operation". On the other hand, the torque that enables a seek
operation is called a "torque required for a seek operation". The torque 



15 required for the seek operation is not significantly affected by a
reduction in the size of the hard disk drive. Thus, in a small-sized hard
disk drive, the torque required for the head unload operation may be higher
than that for the seek operation. 20 For such a hard disk drive, the voice
coil of the voice coil motor must be designed in accordance with the
current (VCM current) IVCM required for a seek operation in order to
minimize the power loss in the motor driver. However, such a voice coil
design may 25 prevent the required VCM current from flowing through the
voice coil during a head unload operation. In other words, the voice coil
motor cannot generate   - 6  a torque required for the head unload
operation. Thus, in the prior art, the voice coil of the voice coil motor
is designed so as to ensure the torque required for a head unload
operation. 5 Specifically, the resistance R of the voice coil is reduced to
allow more VCM current to flow through the voice coil during the head
unload operation. However, a decrease in the resistance R of the voice coil
requires the wire diameter of the coil to be increased 10 to reduce the
number of turns in the coil. In this case, the torque constant, that is,
the coefficient of proportion (2BNLL2) decreases. In such a state, more VCM
current must flow even during a seek operation. This may disadvantageously
result in an increase in 15 the power consumption of the motor driver
during the seek operation. Jpn. Pat. Appln. Publication No. 2001-155450
discloses a technique to switch a power supply voltage for the voice coil
motor in order to reduce the power 20 loss in the voice coil motor driver.
This technique switches the power supply voltage for the voice coil motor
between a seek operation and a tracking (following) operation. The seek
operation requires much VCM current (torque), whereas the tracking 25
(following) operation requires only a little VCM current (torque). On the
other hand, Jpn. Pat. Appln. KOKAI Publication No. 5-49291 discloses a
technique to   _ ~ _ utilize a capacitor in which charges are accumulated
as a power supply for a voice coil motor controller while the power supply
is interrupted. A voltage boosted by a voltage booster is used to
accumulate 5 charges in the capacitor. This technique enables a head unload
operation even while the power supply is interrupted. As described above,
the torque TU, applied to the actuator during a head unload operation, is
10 proportional to the length of the arm of the actuator and thus varies in
accordance with the first power of the device scale of the hard disk drive.
On the other hand, the torque TUCM, which can be generated by the voice
coil motor, varies in accordance with almost 15 the third power of the
device scale. Thus, if the 



size of the hard disk drive is reduced, the torque TU increases relatively
to the torque TUCM. Here, the torque required for a head unload operation
is assumed to be larger than that for a seek operation as in the 20 case of
a small-sized hard disk drive. In this case, the coil (voice coil motor) of
the voice coil motor must be designed so that the voice coil motor can
generate the torque required for the head unload operation. However, when
the voice coil motor is 25 designed in accordance with the torque required
for the head unload operation, the power consumption of the motor driver
increases during a seek operation.   _ g _ Further, the seek operation is
performed many more times than the head unload operation. BRIEF SUMMARY OF
THE INVENTION In accordance with an embodiment of the present 5 invention,
there is provided a disk drive having a head which reads data written on a
recording surface of a disk. The disk drive is composed of an actuator, a
voice coil motor driver, and a driver driving unit. The actuator supports
the head such that the head 10 is movable in a radial direction of the
disk. The actuator has a voice coil motor used as a driving source for the
actuator. The voice coil motor driver supplies the voice coil motor with a
driving current for driving the voice coil motor. The driver driving 15
unit is configured to drive, during a head unload operation, the voice coil
motor driver by a voltage higher than that required for a non-head-unload
operation. The head unload operation uses the actuator to retract the head
to a retract area away 20 from the recording surface of the disk. 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 25 with the general
description given above and the detailed description of the embodiments
given below, serve to explain the principles of the invention.   - 9  FIG.
1 is a block diagram showing the configura tion of a hard disk drive
according to an embodiment 



of the present invention; FIG. 2 is a table showing an example of the 5
structure of data in a voltage table 190 shown in FIG. 1; FIG. 3 is a
flowchart showing a procedure of head unload control according to the
embodiment; and FIG. 4 is a flowchart showing a procedure of head 10 unload
control according to a modification of the embodiment. DETAILED DESCRIPTION
OF THE INVENTION With reference to the drawings, description will be given
of an embodiment in which the present 15 invention is applied to a hard
disk drive. FIG. 1 is a block diagram showing the configuration of a hard
disk drive according to an embodiment of the present invention. In FIG. 1,
a disk (magnetic disk) has two disk surfaces, an upper surface and a lower
surface. 20 At least one of the disk surfaces of the disk 11 serves as a
recording surface on which data is magnetically recorded. A large number of
concentric tracks 110 are formed on the recording surface of the disk 11.
Further, servo information is pre-written 25 (pre-embedded) in each of the
tracks 110 discretely at regular intervals. The servo information contains
positional information (cylinder codes) indicative of   - 10  the positions
of cylinders (tracks) on the disk 11 in which the servo information has
been written. A head (magnetic head) is placed in association with the
recording surface of the disk 11. The head 12 is used 5 to read and write
data from and to the disk 11. It is assumed in the configuration shown in
FIG. 1 that the hard disk drive includes a single disk; however, the drive
may have a plurality of disks 11 that are stacked on one another. 10 The
disk 11 is rotated at high speed by a spindle motor (SPM) 13. The head is
attached to an actuator (carriage) 14. More specifically, the head 12 is
attached to a suspension 141 extending from an arm 140 of the actuator 140.
The head 12 moves in the 15 direction of the radius of the disk 11 in
accordance with the rotation of the actuator 14. Thus, the head 12 is
positioned on the target track. The actuator 14 includes a voice coil motor
(VCM) 15 serving as a driving source of the actuator 14. The actuator 14 is
20 driven by the VCM 15. The disk 11 has an inner periphery and an outer
periphery. A ramp 16 is placed in proximity to the disk 11, for example, to
the outer periphery of the disk 11. The ramp 16 may be placed in proximity
to 



25 the inner periphery of the disk 11. The ramp 16 is used to retract the
head 12 to an area away from the recording surface of the disk 11 while the
hard disk   - 11  drive is in a power save mode. However, actually, a tab
144 is located on the ramp 16 instead of the head 12. Thus, the ramp 16 is
placed at a predetermined position on a path along which the tab 144 is
moved. 5 Here, the description that the head 12 is unloaded on the ramp 16
will be used in order to avoid complicated expressions. On the other hand,
while the hard disk drive is in a read/write mode, the head 12 is present
on the disk 11. The read/write mode is a non-power 10 save mode in which
data can be immediately read from or written to the disk 11. Depending on
the type of hard disk drive, a plurality of power save modes may be defined
in accordance with the level at which the power consumption is saved. The
plurality of power 15 save modes may include one in which the head 12 is
present on the disk 11. Thus, in the present embodiment, two modes are
defined as the modes of the hard disk drive; in a first mode, the head 12
is retracted to the ramp 16, and in a second mode, 20 the head 12 is
present on the disk 11. A through-hole is formed in an almost central
portion of the actuator 14. A pivot 142 is fitted into the through-hole in
the actuator 14. The actuator 14 is supported rotatably around the pivot 25
142. The actuator 14 has a support frame 143 extending in a direction
opposite to that in which the arm 141 extends. A voice coil 150 is
integrally   - 12  embedded in the support frame 143. The voice coil 150 is
located between a top yoke and a bottom yoke. The voice coil 150, together
with both yokes and a permanent magnet fixed to bottom yoke, constitutes 5
the VCM 15. The SPM 13 and the VCM 15 are driven by a driver IC 17. The
driver IC 17 is formed of single chip. The driver IC 17 includes an SPM
driver 171, a VCM driver 172, a back-EMF-voltage monitor 173, a voltage 10
booster 174, and a voltage selector 175. The SPM driver l71 supplies the
SPM 13 with a driving current ISpM corresponding to a manipulated variable
MVSpM provided by the CPU 18. The VCM driver 172 supplies the VCM 15 with a
driving current IVCM corresponding 15 to a manipulated variable MVVCM
Provided by the CPU 



18. The back-EMF-voltage monitor 173 indirectly detects a back-EMF-voltage
D E generated by the coil 150, on the basis of the terminal voltage of the
voice coil 150 of the VCM 15 (VCM terminal voltage) EVCM 20 The voltage
booster 174 boosts a power supply voltage EHDD for the hard disk drive to a
voltage Eg specified by the CPU 18. The voltage Eg is used as a power
supply voltage for the back-EMF-voltage monitor 173. The voltage Eg is also
used as a power supply voltage 25 (driving voltage) Ep for the VCM driver
172 during a head unload operation. The voltage selector l75 selects one of
the voltages EHDD and Eg as the voltage   - 13  Ep under the control of the
CPU 18. The CPU 18 is a main controller for the hard disk drive. CPU 18 is
connected to a flash ROM (FROM) 19 and a temperature sensor 20. The flash
ROM 19 is 5 a rewritable nonvolatile memory. The flash ROM 19 is used to
store a control program executed by the CPU 18. The flash ROM 19 is also
used to store a voltage table 190 referenced by the CPU 18. The voltage
table 190 retains information on a 10 power supply voltage for the VCM
driver 172 required for a head unload operation, in association with
temperature. FIG. 2 shows an example of the structure of data in the
voltage table 190a In FIG. 2, a voltage Ei associated with a temperature Ti
(i = 1, 2, 15 ~~~ n) indicates a power supply voltage for the VCM driver
172 required for a head unload operation if the environmental temperature T
of the hard disk drive is Ti_1 < T <- Ti. The range of temperature
indicated by Ti_1 < T ~ Ti is denoted by TRi. Ti_1 where i = 1, 20 that is,
T0, indicates a lower limit temperature ensuring the operation of the hard
disk drive. Ti where i = n, that is, Tn, indicates an upper limit
temperature ensuring the operation of the hard disk drive. In the present
embodiment, if the temperature 25 T is lower than T0, the CPU 18 treats the
temperature T as T0. If the temperature T is higher than Tn, the CPU 18
treats the temperature T as Tn.   - 14  The voltage Ei for each temperature
Ti shown in the voltage table 190 depends on the torque TU applied to the
actuator 14 during a head unload operation. As is apparent from equation
(1), previously described, 5 the torque TU depends on a force FU resulting
from the friction between the tab 144 of the actuator 14 and the ramp 16.
The FU varies with the temperature and increases consistently with
decreasing temperature. That is, the torque TU depends on the temperature
and 



10 increases consistently with decreasing temperature. Accordingly, a
torque TUN required for a head unload operation increases consistently with
decreasing temperature. Here, the torque TUN required for the head unload
operation at the temperature Ti is denoted 15 by TUNi The voltage Ei for
each temperature Ti is determined by a driving current (VCM driving
current) IVCMi to be supplied to the voice coil 150 of the VCM 15. The
IVCMi is a driving current required for the VCM 15 to generate a torque
TVCMi indicated by TUNi 20 Accordingly, with reference to the voltage table
190 in accordance with the environmental temperature of the hard disk
drive, the CPU 18 can determine a power supply voltage (driving voltage)
for the VCM driver l72 which is suitable for the temperature range TRi 25
to which the temperature T belongs. The voltage Ei enables the VCM 15 to
generate a torque TUNi required for a head unload operation within the
temperature   - 15  range TRi to which the temperature T belongs. To allow
the reader to easily understand the relationship between the temperature Ti
and the torque TUNi and the VCM current IVCMi and the voltage Ei, the 5
voltage table 190 in FIG. 2 shows not only the voltage Ei but also the
torque TUNi and the VCM current IVCMi for each temperature Ti. Information
on both torque TUNi and VCM current IVCMi need not be retained in the
voltage table 190. 10 In the example of the voltage table 190 shown in FIG.
2, the torques TUN1 to TUNn have a relationship TUN1 > TUN2 > TUN3 > "' >
TUNn Similarly, the VCM currents IVCM1 to IVCMn have a relationship IVCM1
IVCM2 > IVCM3 > "' > IVCMn Further, the voltages E1 15 to En have a
relationship E1 > E2 > E3 > ~~~ > En. The temperature sensor 20 is used to
detect (measure) the environmental temperature of the hard disk drive. On
the basis of the temperature detected by the temperature sensor 20 and the
voltage table 20 190, the CPU 18 determines a power supply voltage for the
driver IC 17 which is suitable for that temperature. The CPU 18 outputs a
voltage control signal VC to the voltage booster 174, the signal VC
designating the voltage to be boosted to the 25 determined voltage. The CPU
18 controls each section of the hard disk drive in accordance with the
control program stored in   - 16  the flash ROM 19. In particular, the CPU
18 controls the voltage selector 175 using a voltage selection signal VS.
The voltage selection signal VS specifies, for example, selection of a
voltage Eg for logical "1" 5 and of a voltage EHDD for logical "0". In FIG.
1, well-known circuits are omitted which are required to read and write
data from and to the disk 11. As these circuits, a disk controller, a
read/write channel, and a head amplifier circuit (head IC) are well known.
10 Now, with reference to the flowchart in FIG. 3, description will be
given of the control of an head unload operation performed on the hard disk
drive shown in FIG. 1. The hard disk drive is assumed to be 



in the second mode. In this mode, the disk 11 is 15 rotated by the SPM 13
at a predetermined rotation speed. On this occasion, the head 12 floats
over the disk 11 while maintaining an almost fixed distance from the disk
11. In this state, the CPU 18 is assumed to switch from the second mode to
the first 20 mode. Switching to the second mode is autonomously carried out
by the CPU 18 if a host has not provided a read or write command for a
specific period in the second mode, in order to save the power consumption
of the hard disk drive. Further, if the host computer 25 has provided a
certain power save command in the second mode, the CPU 18 switches to the
first mode in response to this command.   - 17  To switch to the first
mode, the CPU 18 performs control for unloading (retracting) the head 12 on
the ramp 16 (control of a head unload operation) as described below. First,
the CPU 18 controls a seek 5 operation for moving the head 12 to a
particular track on the disk 11 (step S1). The seek operation is controlled
on the basis of positional information contained in servo information read
by the head 12 from the disk 11. Thus, at the start of control of 10 a head
unload operation, the CPU 18 moves the head 12 to the particular track.
This makes it possible to maintain a moving distance required to unload the
head 12 on the ramp 16 at a fixed value. In this case, the particular track
is a track close to the ramp 16, 15 that is, a predetermined track closer
to the outer periphery of the disk 11. Then, the CPU 18 detects the
temperature T of the hard disk drive on the basis of an output voltage from
the temperature sensor 20 (step S2). Then, the CPU 18 20 reads
(determines), from the voltage table l90, the voltage Ei corresponding to
the temperature range TRi (that is, Ti_1 < T ~Ti) to which the temperature
T belongs (step S3). The CPU 18 compares the voltage Ei with the power
supply voltage EHDD for the hard disk 25 drive to determine whether or not
Ei > EHDD (step S4). If Ei > EHDD, the CPU 18 instructs the voltage booster
l74 to boost the power supply voltage EHDD to the   - 18  voltage Ei (step
S5). The voltage control signal VC is used for this instruction. In
response to this instruction, the voltage booster 174 boosts the power
supply voltage EHDD to. the voltage Ei. The voltage 5 EHDD boosted by the
voltage booster 174 to the voltage Ei, that is, the voltage Eg, is applied
to the backEMF-voltage monitor 173 as a power supply voltage 



for the back-EMF-voltage monitor 173. Further, the voltage Eg (EB > EHDD)
is applied to an input terminal 10 B of the voltage selector 175. The power
supply voltage EHDD is applied to an input terminal A of the voltage
selector 175. When the determination is made in step S4, the CPU 18 has
instructed the voltage selector 175 to 15 select the power supply voltage
EHDD applied to the input terminal A. The voltage selection signal VS for
logical "0" is used for this instruction. If it is determined in step S4
that Ei > EHDD as in the case of the above example, the CPU 18 executes
step S5 and 20 then proceeds to step S6. In step S6, the CPU 18 switches
the voltage selection signal VS to logical "1". That is, the CPU 18
instructs the voltage selector 175 to select the voltage Eg (= Ei), applied
by the voltage booster 174 to the input terminal B. 25 The voltage selector
l75 selects the voltage Eg in accordance with the instruction from the CPU
18. The voltage Eg, selected by the voltage selector 175,   - 19  is
applied to the VCM driver 172 as a power supply voltage (driving voltage)
Ep for the VCM driver 172. Thus, the VCM driver 172 is driven by the power
supply voltage Ep (= Eg = Ei), which is higher than EHDD 5 In this manner,
if Ei > EHDD, the VCM driver 172 is driven by the power supply voltage Ep
(= Eg = Ei), which is higher than EHDD. Here, Ei denotes the power supply
vcltage (driving voltage) for the VCM driver 172 which is determined on the
basis of the torque 10 TUNi required for a head unload operation at the
current temperature T. Driven by the voltage Ei, the VCM driver 172 can
output a VCM current IVCMi required by the VCM 15 to generate a torque
TVCMi indicated by TUNi 15 Then, the CPU 18 outputs a predetermined initial
manipulated variable MVVCM to the VCM driver 172 (step S7). The initial
manipulated variable MVVCM indicates the initial VCM current IVCM required
to move the actuator 14 at a target speed in order to unload the 20 head.
If Ei > EHDD the VCM driver 172 is driven by the power supply voltage Ep (=
Eg = Ei), which is higher than EHDD. Consequently, the VCM driver 172 can
supply the VCM current IVCM to the voice coil 150 of the VCM 15 even if the
VCM current IVCM determined 25 by the manipulated variable MVVCM from the
CPU 18 is larger than that used during a seek operation. In other words, in
the present embodiment, for a head   - 20  load operation at the
temperature T at which a torque larger than that needed for a seek
operation is required, the required torque can be generated without
changing the design of the VCM 15. The VCM 15 drives 5 the actuator 14
using the VCM current IVCM, supplied by the VCM driver 172. This starts a
head unload operation. The back-EMF-voltage monitor 173 is driven by the
power supply voltage Eg (Eg > EHDD) boosted by 10 the voltage booster 174.
Thus, even if the terminal voltage (VCM terminal voltage) EVCM, generated
between the terminals of the voice coil 150, included in the VCM 15,
increases above EHDD, the back-EMF-voltage monitor 173 can correctly
detects EVCM. If the VCM 15 driver 172 is driven by the power supply
voltage Ep (_ Eg = Ei), which is higher than EHDD the VCM terminal voltage
EVCM is likely to be higher than the power supply voltage EHDD for the hard
disk drive. Thus, if EHDD (EHDD ~ EB) is applied to the back-EMF-voltage 



20 monitor 173 as a power supply voltage for the monitor 173, it is
difficult for the back-EMF-voltage monitor 173 to correctly detect the VCM
terminal voltage EVCM The back-EMF-voltage D E, generated by the voice coil
150, cannot be directly detected. Thus, the back-EMF 25 voltage monitor 173
detects the VCM terminal voltage EVCM and calculates the back-EMF-voltage 0
E from the voltage EVCM in accordance with equation (5),   - 21  previously
described. That is, the back-EMF-voltage monitor 173 indirectly detects the
back-EMF-voltage 0 E. The CPU 18 is notified of the back-EMF-voltage 0 E
detected (calculated) by the back-EMF monitor 173. 5 The CPU 18 reads the
back-EMF-voltage 0 E transmitted by the back-EMF-voltage monitor 173 (step
S8). reading of the back-EMF-voltage 0 E is carried out at regular sampling
intervals until the head unload operation is completed. In other words, the
10 CPU 18 detects the back-EMF-voltage 0 E at regular sampling intervals.
The back-EMF-voltage 0 E depends on the speed of the VCM 15. The speed of
the VCM 15 corresponds to the speed of the actuator 14 (that is, the speed
at which the head 12, supported by the 15 actuator 14, is moved), which is
driven by the VCM 15. Thus, the CPU 18 detects the speed (actual speed) of
the actuator 14 on the basis of the back-EMF-voltage DE (step S9) . Then,
the CPU 18 determines whether or not the 20 head unload operation has been
completed (step S10). The hard disk drive in FIG. 1 employs a well-known
configuration in which once the head 16 reaches a predetermined position on
the ramp 16, the actuator 14 is locked by a stopper. With this
configuration, even 25 though the VCM driver l72 is supplying a VCM current
to the VCM 15, the movement of the actuator 14 is forcibly stopped once the
head 12 reaches the   - 22  predetermined position on the ramp 16. Thus, in
step S10, the CPU 18 determines from the detected actual speed whether or
not the head 12 has reached the predetermined position on the ramp 16, that
is, 5 whether or not the head unload operation has been completed. If the
CPU 18 determines that the head unload operation has not been completed, it
calculates the manipulated variable MVVCM in accordance with the 10
difference between the calculated actual speed and the target speed (step
S11). The manipulated variable MVVCM indicates the VCM current IVCM
required to make the speed of the actuator 14 equal to the target speed.
The CPU 18 outputs the calculated manipulated 15 variable MVVCM to the VCM
driver 172 (step S12). 



The VCM driver 172 supplies the voice coil 150 of the VCM 150 with the VCM
current IVCM determined by the manipulated variable MVVCM output by the CPU
19. This continues the head unload operation. 20 The CPU 18 repeats steps
S8 to S12 at regular intervals until the head 12 is retracted to the
predetermined position on the ramp 16. Once the head 12 is retracted to the
predetermined position on the ramp 16, the CPU 18 determines that the head
unload 25 operation has been completed (step S10). In this case, the CPU 18
instructs the voltage selector 175 to select the power supply voltage EHDD,
applied to the   - 23  input terminal A (step S13), to finish the control
of the head unload operation. Thus, after the head unload operation has
been finished, the power supply voltage for the VCM driver 172 is returned
from the 5 power supply voltage Eg (Eg > EHDD), boosted by the voltage
booster 174, to the power supply voltage EHDD for the hard disk drive. In
the present embodiment, if a head unload operation requires a higher torque
than a seek 10 operation, the required torque is obtained by switching the
power supply voltage Ep for the VCM driver 172 from EHDD to Eg, which is
higher than EHDD That is, in the present embodiment, the higher torque is
obtained without changing the design of the VCM 15. 15 Thus, if the
actuator 14 must be driven to perform an operation other than the head
unload, for example, a seek operation, the VCM driver 172 has only to
provide less VCM current to the VCM 15. This makes it possible to prevent
an increase in the power 20 consumption of the VCM driver 172 or heating of
the VCM driver 172 during the seek operation. Now, description will be
given of an operation performed if Ei > EHDD is not established, that is,
if Ei S EHDD- If Ei ~ EHDD (step S4), the CPU 18 skips 25 steps S5 and S6
to shift to step S7. The subsequent operations are similar to those
performed if Ei > EHDD as described above. However, the voltage selection
- 24  signal VS, output by the CPU 18 to the VCM driver 172, remains in the
state of logical "0". In this case, the power supply voltage (driving
voltage) for the VCM driver 172 is set equal to the power supply voltage 5
EHDD for the :yard disk drive. Thus, in the present embodiment, only a low
torque is required to perform a head unload operation.. Accordingly, if Ei
S EHDD the power supply voltage for the VCM driver 172 is set at EHpD. This
also serves to reduce the power 10 consumption during the head unload
operation. When 



the head unload operation for Ei S EHDD is completed (step S10), the CPU 18
executes step S13 to finish the head unload control. However, since the
voltage section signal VS maintains logical "0", step S13 is 15 not
necessarily required. [Modification] Now, a modification of the above
embodiment will be described. In the above embodiment, the CPU 18
determines the power supply voltage Ei for the VCM 20 driver 172 in
accordance with the temperature range TRi (i = 1, 2, ~~~ n) to which the
temperature T of the hard disk drive measured at the start of a head unload
operation belongs. The Ei denotes the power supply voltage (driving
voltage) for the VCM driver 172 which 25 is required by the VCM 15 to
generate a torque TUNi required for the head unload operation within the
temperature range TRi. If the determined voltage Ei   - 25  is higher than
the power supply voltage EHDD for the hard disk drive, the CPU 18 causes
the voltage booster 174 to boost the voltage EHDD to the voltage Ei. During
the head unload operation, the CPU 18 causes 5 the voltage selector 175 to
select the output voltage Eg (= Ei) of the voltage booster l74 as the power
supply voltage Ep for the VCM driver 172. Thus, during the head unload
control according to the present embodiment, the power supply voltage Ep 10
for the VCM driver 172 is switched between multiple stages in accordance
with the temperature range TRi to which the temperature T of the hard disk
drive belongs. Thus, in the above embodiment, it is possible to efficiently
prevent an increase in the 15 power consumption of the VCM driver 172
during a head unload operation while maintaining the torque required for
the head unload operation. However, in the modification of the above
embodiment, the power supply voltage Ep for the VCM 20 driver 172 is
switched in accordance with the difference between the temperature T of the
hard disk drive and the upper limit temperature Tk at which Ei > EHDD Here,
the power supply voltage Ep may be set at the voltage E1 or EHDD.
Specifically, if the tempera 25 ture T is equal to or lower than the
temperature Tk, the power supply voltage Ep may be set at the voltage El.
Otherwise, the supplied power Ep may be set at   - 26  the voltage EHDD To
accomplish this, the voltage booster 174 is configured to always boost the
voltage EHDD to the voltage E1. In this case, the CPU 18 need not control
the voltage booster 174 using the voltage 5 control signal VC. This
simplifies the head unload control. However, the prevention of an increase
in power consumption during a head unload operation according to the
modification is less effective than that according to of the above
embodiment. The 



10 flowchart in FIG. 4 shows a procedure of controlling a head unload
operation according to the modification. In this modification, the voltage
table 190, shown in FIG. 2, is not required. The CPU 18 may activate the
voltage booster 174 only during a head unload 15 operation. Alternatively,
the CPU 18 may activate the voltage booster 174 only during the head unload
operation and if the temperature T is equal to or lower than the
temperature Tk. Alternatively, during a head unload operation, 20 the
supplied power Ep may always be set at the voltage E1 regardless of the
temperature T of the hard disk drive. This configuration can further
simplify the head unload control. However, the configuration is not
expected to be effective in preventing an increase 25 in the power
consumption during the head unload operation. Further, if Tk and E1 vary
with hard disk drives, a voltage table may be used which retains Tk   - 27
and E1 and which corresponds to the voltage table 90. In this case, the CPU
18 must use the voltage control signal VC to instruct the voltage booster
174 to boost the power supply voltage EHDD to the voltage El, shown 5 in
the voltage table. If the hard disk drive has two power supply voltages
EHDD and El, the voltage booster 174 is not required. In the description of
the above embodiment, the present invention is applied to a hard disk drive
10 (HDD) using a magnetic disk as a recording medium. However, the present
invention is applicable to a disk drive using a recording medium different
from the magnetic disk, for example, a magneto-optical disk drive using a
magneto-optical disk, provided that in 15 the disk drive, the head is
retracted (unloaded) to a retract area away from the recording surface of
the disk. Additional advantages and modifications will readily occur to
those skilled in the art. Therefore, 20 the invention in its broader
aspects is not limited to the specific details and representative
embodiments shown and described herein. Accordingly, various modifications
may be made without departing from the spirit or scope of the general
inventive concept as 25 defined by the appended claims and their
equivalents.   - 28  WHAT IS CLAIMED IS: 1. A disk drive having a head
which reads data written on a recording surface of a disk, the disk drive
comprising: 5 an actuator which supports the head such that the 



head is movable in a radial direction of the disk, the actuator having a
voice coil motor used as a driving source for the actuator; a voice coil
motor driver which supplies the 10 voice coil motor with a driving current
for driving the voice coil motor; and a driver driving unit configured to
drive, during a head unload operation, the voice coil motor driver by a
voltage higher than that required for a non-head 15 unload operation, the
head unload operation using the actuator to retract the head to a retract
area away from the recording surface of the disk. 2. The disk drive
according to claim l, further comprising: 20 a predicting unit configured
to predict a torque required for the head unload operation; and a voltage
determining unit configured to determine a driving voltage for the voice
coil motor which is required to allow the voice coil motor to 25 generate
the torque predicted by the predicting unit and wherein the driver driving
unit drives the voice coil motor driver by a voltage higher than   - 29
that required for a non-head-unload operation only during the head unload
operation and if the voltage determined by the voltage determining unit is
higher than the power supply voltage for the disk drive. 



5 3. The disk drive according to claim 1, further comprising: a voltage
booster which boosts the power supply voltage for the disk drive; and a
voltage selector which selects one of the power 10 supply voltage for the
disk drive and the voltage boosted by the voltage booster as a power supply
voltage for the voice coil motor driver; and wherein the driver driving
unit includes a selector control unit which controls the voltage 15
selector, and the selector control unit controls the voltage selector so as
to select the voltage boosted by the voltage booster for the head unload
operation and to select the power supply voltage for the disk drive for the
non-head-unload operation. 20 4. The disk drive according to claim 1,
further comprising: a voltage monitor configured to detect a back
electromotive force voltage generated by the voice coil motor; 25 a speed
detecting unit configured to detect a moving speed of the head during the
head unload operation on the basis of the back electromotive force   - 30
voltage detected by the voltage monitory and a driver control unit which
controls the voice coil motor driver such that the voice coil motor driver
supplies the voice coil motor with a driving 5 current required to make the
moving speed of the head detected by the speed detecting unit equal to a
target speed. 5. The disk drive according to claim 4, further comprising:
10 a predicting unit configured to predict a torque required for the head
unload operation; and a voltage determining unit configured to determine a
driving voltage for the voice coil motor which is required to allow the
voice coil motor to 15 generate the torque predicted by the predicting
unit; 



and wherein the driver driving unit drives the voice coil motor driver by a
voltage higher than that required for a non-head-unload operation only
during the head unload operation and if the voltage 20 determined by the
voltage determining unit is higher than the power supply voltage for the
disk drive. 6. The disk drive according to claim 5, wherein: only during
the head unload operation and if the voltage determined by the voltage
determining unit is 25 higher than the power supply voltage for the disk
drive, the driver driving unit drives the voice coil motor driver by a high
voltage not lower than the   - 31  determined voltage; even during the head
unload operation, if the voltage determined by the voltage determining unit
is' not higher than the power supply voltage for the disk 5 drive, the
voice coil motor driver is driven by the power supply voltage for the disk
drive; and during the non-head-unload operation, the driver driving unit
drives the voice coil motor driver by the power supply voltage for the disk
drive. 10 7. The disk drive according to claim 6, wherein the voltage
monitor is driven by the high voltage. 8. The disk drive according to claim
4, further 



comprising: a voltage booster which boosts the power supply 15 voltage for
the disk drive; and a voltage selector which selects one of the power
supply voltage for the disk drive and the voltage boosted by the voltage
booster as a power supply voltage for the voice coil motor driver; 20 and
wherein the driver driving unit includes a selector control unit which
controls the voltage selector, and the selector control unit controls the
voltage selector so as to select the voltage boosted by the voltage booster
for the head unload operation 25 and to select the power supply voltage for
the disk drive for the non-head-unload operation. 9. The disk drive
according to claim 8, wherein   - 32  the voltage monitor is driven by the
high voltage. 10. The disk drive according to claim 8, further comprising:
a predicting unit configured to predict a torque 5 required for the head
unload operation; and a voltage determining unit configured to determine a
driving voltage for the voice coil motor which is required to allow the
voice coil motor to generate the torque predicted by the predicting unit;
10 and wherein the driver driving unit includes a boost control unit
configured to control the voltage booster, and the boost control unit
controls the voltage booster such that the voltage booster boosts the power
supply voltage for the disk drive to the 



15 voltage determined by the voltage determining unit. 11. The disk drive
according to claim 10, wherein: only during the head unload operation and
if the voltage determined by the voltage determining unit is 20 higher than
the power supply voltage for the disk drive, the driver driving unit drives
the voice coil motor driver by a high voltage not lower than the determined
voltage; even during the head unload operation, if the 25 voltage
determined by the voltage determining unit is not higher than the power
supply voltage for the disk drive, the voice coil motor driver is driven by
the   - 33  power supply voltage for the disk drive; and during the head
unload operation, the driver driving unit drives the voice coil motor
driver by the power supply voltage for the disk drive. 12. The disk drive
according to claim 8, further comprising: a temperature sensor which
detects an environmental temperature of the disk drive; and a comparing
unit which compares a temperature 10 detected by the temperature sensor
when the head unload operation is started, with a reference temperature;
and wherein: only for the head unload operation and if the 15 temperature
detected by the temperature sensor does not exceed the reference
temperature, the selector control unit controls the voltage selector so as
to select the voltage boosted by the voltage booster; even for the head
unload operation, if the 20 temperature detected by the temperature sensor
exceeds the reference temperature, the selector control unit controls the
voltage selector so as to select the power supply voltage for the disk
drive; and for the non-head-unload operation, the selector 25 control unit
controls the voltage selector so as to select the power supply voltage for
the disk drive. 



13. The disk drive according to claim 8, further   - 34  comprising: a
temperature sensor which detects an environmental temperature of the disk
drive; a voltage table which associates the environs mental temperature of
the disk drive with a driving voltage for the voice coil motor which is
required to allow the voice coil motor to generate a torque required for
the head unload operation at the environmental temperature; and 10 a
voltage determining unit configured to determine, using the voltage table,
a driving voltage associated with the temperature detected by the
temperature sensor when the head unload operation is started; 15 and
wherein the driver driving unit includes a boost control unit configured to
control the voltage booster, and the boost control unit controls the
voltage booster such that the voltage booster boosts the power supply
voltage for,the disk drive to the 20 voltage determined by the voltage
determining unit. 14. The disk drive according to claim 13, wherein: only
during the head unload operation and if the voltage determined by the
voltage determining unit is 25 higher than the power supply voltage for the
disk drive, the boost control unit controls the voltage booster such that
the voltage booster boosts the power   - 35  supply voltage for the disk
drive to the determined voltage; only for the head unload operation and if
the voltage determined by the voltage determining unit is 5 higher than the
power supply voltage for the disk drive, the selector control unit controls
the voltage selector so as to select the voltage boosted by the voltage
booster; even for the head unload operation, if the 10 voltage determined
by the voltage determining unit is not higher than the power supply voltage
for the disk drive, the selector control unit controls the voltage selector
so as to select the power supply voltage for the disk drive; and 



15 the selector control unit controls the voltage selector so as to select
the power supply voltage for the disk drive, for the non-head-unload
operation. 15. A method for controlling a head unload operation, the method
being applied to a disk drive 20 having a head which reads data written on
a recording surface of a disk, the head unload operation retracting the
head to a retract area away from the recording surface of the disk, the
method comprising: detecting a back electromotive force voltage at 25
predetermined sampling intervals during the head unload operation, the back
electromotive force voltage being generated by a voice coil motor, the
voice coil   - 36  motor being a driving source for an actuator, the
actuator supporting the head such that the head is movable in a radial
direction of the disk; detecting a moving speed of the head on the basis 5
of the detected back electromotive force voltage; controlling the voice
coil motor driver such that the voice coil motor driver supplies a driving
current to the voice coil motor, the driving current supplied to the voice
coil motor being required to make the 10 detected moving speed of the head
equal to a target 



speed; and driving the voice coil motor driver by a voltage higher during
the head unload operation than during a non-head-unload operation.
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