
;e3eLlD6zT< - 2 JAN 2003  -1 Specification 1. Title of the Invention:
Retract circuit and retract method, and disk drive 2, Detailed Description
of the Invention: [0001] [Field of the invention] The present invention
relates to a disk drive reading data from and writing data to a disk
recording medium, and a retract circuit and a retract method for retracting
a head by driving a head actuator when a power supply is turned oft.   y .
- 2 JAN 2003 [0002] [Background art] -2 A disk drive comprises a disk that
becomes a data recording medium, a spindle motor rotating the disk, a head
assembly, a voice coil motor (VCM), or the like in a disk enclosure, and a
card assembly, in which an MPU, a spindle driver, a VCM driver, a retract
circuit, or the like are mounted, in the outside of the disk enclosure. A
head slider embedding a head reading data from and writing data to the disk
is mounted in the head assembly. The VCM driver rotates the head assembly
by driving the VCM when a drive power supply is turned on. The head
assembly and VCM configure a head actuator. [0003] 



While the disk drive is turned on, the disk drive drives the head actuator
with the VCM driver, advances the head slider over a data area of a
rotating disk surface, and reads data from and write data to the data area
of the disk. Hereinafter, this operation of data read and write is called
disk operation. [0004] The head slider floats from the disk surface when
the disk is rotating, but touches the disk surface when the disk stops
rotation. If the head slider touches a data area surface that is smooth, a
problem such as scratching of the data area may happen, and hence the head
slider is retracted from the data area when the disk stops rotation. [0005]
As a mechanism for advancing a head slider over a data area of a disk and
retracting the head slider from over the data area a load/unload mechanism
an d a CSS (contact/start/stop) mechanism are there. As a mechanism for
advancing a head slider over a data area of a disk and retracting the head
slider from over the data area, a load/unload mechanism and a CSS
(contact/start/stop)   w 1 t t~,~ - 2 JAN 2003 -3 [0006] The load/unload
mechanism retracts the head slider by fixedly providing near the disk a
ramp for supporting a head assembly and loading the head assembly on the
ramp through rotating the head assembly toward the ramp (this is called
unload). In addition, the mechanism advances the head slider over the data
area of the disk by separating the head assembly, loaded on the ramp, from
the ramp through rotating the head assembly toward the disk (this is called
load). When unloaded, the head assembly arriving at the ramp rises on a
slope of the ramp to a parking surface with sliding a ramp surface in the
unload direction. In addition, when loaded, the head assembly held on the
parking surface descends on the slope in the load direction with sliding,
and goes over the disk surface apart from there. [0007] In addition, the
CSS mechanism retracts the head slider to a retract area provided on the
disk surface. The head slider contacts a surface of the retract area when
the disk stops the rotation, and floats from the surface of the retract
area when the disk starts the rotation again. [0008] The head slider is
retracted by the VCM driver when the drive power supply is turned on, but
the power of the VCM driver is also turned off when the drive power supply
is turned off, and hence the retract circuit retracts the head slider.
[0009] Retract circuits are disclosed in, for example, U.S. Patent No.
5,486,957 (hereinafter, this is called a document 1) and U.S. Patent No.
4,831,469 (hereinafter, this is called a document 2).  



'f~ .~. ~ - 2 JAN 2003 -4 [0010] A retract circuit according to the
document 1 retracts the head slider by rectifying back-e.m.f.
(electromotive force) of the spindle motor and supplying current, derived
from this rectified voltage, to a voice coil. The spindle motor continues
to rotate due to inertia of the disk for the time being without immediately
stopping the rotation when the drive power supply is turned off, and hence
continues to generate the back-e.m.f. after the drive power supply is
turned off. In this retract circuit disclosed in the document 1, the larger
the back-e.m.f. is, the larger retract current supplied to the voice coil
is. As the torque constant becomes large, the back-e.m.f. becomes large.
The larger power supply voltage, supplied to the spindle motor, and a rotor
radius are, the larger the torque constant of the spindle motor is. [0011]
In addition, a retract circuit according to the document 2 charges the
condenser with the power supply voltage when the drive power supply is
turned on, and retracts the head slider by supplying the discharge current
of the condenser to the voice coil when the drive power supply is turned
off. In the retract circuit according to this document 2, as the power
supply voltage and capacity of the condenser are large, the retract current
supplied to the voice coil is large. [0012] [Problems to be solved by the
invention] Nevertheless, in connection with thinning and miniaturization of
a disk drive and the tendency toward a lower voltage of the drive power
supply, it becomes difficult to unload a head assembly to a ramp in any one
of the conventional retract circuits described above.   - 2 JAN 2003 - 5
For example, in a disk drive whose disk diameter is nearly 1 inch and power
supply voltage is 3.3 V, it is difficult to surely unload a head assembly
onto a ramp by any one of the conventional retract circuits. Since the
back-e.m. of a spindle motor is the 1 "-disk disk drive described above is
small, that is, nearly 1 V, it is not possible to secure sufficient retract
current. In addition, since the capacity of a condenser having such size
that the condenser can be mounted in the 1 "-disk disk drive miniaturized
is insufficient, it is not possible to secure the sufficient retract
current even if this type of condenser is charged with 3.3 V. The present
invention is performed to solve conventional tasks like these, and its
object is to provide a retract circuit and a retract method that can
correspond to the tendency of a disk drive toward the miniaturization and
low power supply voltage. Summary of the Invention In order to attain the
above object, a retract circuit of the present invention comprises a
booster circuit for boosting power supply voltage when power is applied, a
condenser charged at the boosted voltage by the booster circuit at that
time, and a control circuit for discharging the condenser to supply
discharge current to a coil of a head actuator by when the power is cut
off, wherein the control circuit sets delay time for damping momentum
caused by inertia of the head actuator before discharging of the condenser
is started after the power supply is turned off. 



Preferred embodiment Figure 1 is a structural drawing showing a disk drive
according   1 .b_ - 2 JAN 2003 to an embodiment of the present invention.
The disk drive in Figure 1 comprises a disk 1 that is a data recording
medium, a spindle motor 2, a head assembly 3 implementing a head slider 4,
a voice coil motor (VCM) 5, a ramp 6, and crash stops 7a and 7b, in a disk
enclosure not shown. In addition, the disk drive shown in Figure 1, further
comprises a card assembly 14, where an MPU Z0, a spindle driver 11, a VCM
driver 12, and a retract circuit 13 are mounted, in the outside of the disk
enclosure. The power supply voltage of +3.3 V is supplied to the disk drive
shown in Figure 1. [0017] The disk 1 is fixed to a spindle shaft 2a of the
spindle motor 2. The diameter of this disk 1 is nearly 111 or 27.4 mm. In
addition, the spindle motor 2 rotates the disk 1 by being driven by the
spindle driver 11. [0018] The head assembly 3 is composed of an arm
supporting portion 3a rotatably fitting with a pivot 8 being convexly
provided in the disk enclosure, and a head arm 3b and coil arms 3c and 3d
that extend in the direction opposite to the pivot described above. The
head slider 4 embedding a head reading data from and writing data to the
disk 1 is mounted in the head arm 3b. In addition, the voice coil 5a is
mounted in the coil arms 3c and 3d. This head assembly 3 swivels around the
pivot 8, and moves the head slider 4 in the inward direction of the disk 1
(hereinafter, this is called the ID direction) or in the outward direction
of the disk 1 (hereinafter, this is called the OD direction). [0019] The
VCM 5 is composed of the voice coil 5a, and a permanent magnet fixedly
provided in the disk enclosure. This VCM 5 is driven by the VCM driver 12
or retract circuit 13, and swivels    - 2 JAN 2003  the head assembly 3. In
addition, the head assembly 3 and VCM 5 configure the head actuator. [0020]



The ramp 6 is fixedly provided near the circumference of the disk 1, and
supports the head arm 3b of the head assembly 3 when the head slider 4 is
unloaded at the retract position. A convex portion 3e contacting and
sliding a surface of the ramp 6 is provided at a tip portion of the head
arm 3b. The head assembly 3, VCM 5, and ramp 6 configure a load/unload
mechanism loading the head slider 4 over the disk 1 rotating, and unloading
the head slider 4 from over the disk 1 to the retract position. [0021] The
crash stops 7a and 7b are fixedly provided in the disk enclosure, and
determines a swiveling range of the head assembly 3 by contacting the coil
arms 3c and 3d. [0022] The spindle driver 11 drives the spindle motor 2
according to an instruction from the MPU 10 when the drive power supply (_
3.3 V) is turned on. In addition, the VCM driver 12 drives the VCM 5 by
supplying VCM current to the voice coil 5a according to an instruction from
the MPU 10 when the drive power supply is turned on. [0023] If the drive
power supply is turned on, the MPU 10 rotates the disk 1 by controlling the
spindle driver 11, swivels the head assembly 3 on the ramp 6 in the ID
direction by controlling the VCM driver 12, and loads the head slider 4
over the disk 1. In addition, the MPU 10 is connected to the head embedded
in the head slider 4, and controls disk operation when the drive power   -
2 JA N 2003 _$_ supply is turned on. Thus, the MPU 10 detects a position of
the head on the basis of servo data read from a servo area of the disk 1 by
the head, and makes the head seek on a desired track by controlling the VCM
driver 12. Furthermore, the MPU 10 reads data from and writes data to a
data area of this track with the head. [0024] The MPU 10, spindle driver
11, and VCM driver 12 start operation when the drive power supply (= 3.3 V)
is turned on, and stops operation when the drive power supply is turned
off. Therefore, if the drive power supply is turned off, the spindle driver
11 stops the driving of the spindle motor 2, and the disk 1 stops rotation
after the disk 1 rotates for the time being due to inertia. In addition, if
the drive power supply is turned off, the VCM driver 12 stops the driving
of the VCM 5. [0025] If the drive power supply is turned off, the retract
circuit 13 drives the VCM 5, swivels the head assembly 3 in the OD
direction before the disk 1 stops rotation, and unloads the head slider 4
at the retract position. [0026] Figures 2(a) and 2(b) are explanatory
diagrams of the load/unload mechanism, Figure 2(a) is a top view, and
Figure 2(b) is a cross-sectional view including the convex portion 3e,
provided in the head arm 3b, and ramp 6. In Figure 2a, the clockwise
swiveling direction is the OD direction and unload direction, and the
counterclockwise direction is the ID direction and load direction. Figures
2(a) and 2(b) show such a state that the head slider 4 and head arm 3b are
unloaded at the retract position. In addition, on the contrary, Figure 1
shows such a state that the head slider 4 and head arm 3b are   - 2 JA N
2Q03 



-9 loaded over the disk 1. [0027] The ramp 6 has a parking surface 6a, a
slope 6b, a top surface 6c, and a slope 6d. When the head slider 4 and head
arm 3b are unloaded at the retract position, the convex portion 3e contacts
the parking surface 6a. In addition, coil arm 3c contacts the crash stop
7a, or is located near the position. [0028] If the drive power supply is
turned on and the disk 1 is rotated, the VCM 5 is driven by the VCM driver
12, the head arm 3b is swiveled in the load direction, and the head slider
4 is loaded over the disk 1 being rotating. At this time, the convex
portion 3e slides on the surface of the ramp 6 in the load direction, and
leaves from the slope 6d. [0029] In addition, if the drive power supply is
turned off, the VCM 5 is driven by the retract circuit 13, the head arm 3b
is swiveled over the disk 1 in the OD direction and is further swiveled
over the ramp 6 in the unload direction, and unloads the head slider 4 at
the retract position. At this time, the convex portion 3e contacts the
slope 6d of the ramp 6, climbs the slope 6d in the unload direction, and
slides on the top surface 6c and slope 6b to the parking surface 6a. [0030]
Figure 3 is a block diagram of the retract circuit 13. In Figure 3, the
retract circuit 13 comprises a power OFF sense circuit 21, a retract delay
circuit 22, a retract driver 23, switching circuits 24 and 25, a booster
circuit 26, and a retract condenser Cr.   - 2 JAN 2003 -10 [0031] This
retract circuit 13 charges the retract condenser Cr with charge pump
voltage vup that is generated by the booster circuit 26 and is nearly three
times higher than the power supply voltage Vcc, when the power supply
voltage Vcc (= 3.3 V) is applied. Then, if the power supply voltage Vcc is
cut off and the VCM driver 12 stops operation, the retract circuit 13
detects the power-off of the drive power supply by the power OFF sense
circuit 21. Furthermore, the retract circuit 13 provides retract delay time
Td for damping the angular momentum of the head assembly 3 due to inertia
with using the retract delay circuit 22. Then, if the retract delay time Td
elapses since the power supply voltage Vcc is cut off, the retract circuit
13 retracts the head assembly 3 by driving the VCM 5 through making the
retract driver 23 turn on the switching circuits 24 and 25, discharging the
retract condenser Cr charged with the boosted voltage Vup, and supplying
discharge current to the voice coil 5a. The power OFF sense circuit 21,
retract delay circuit 22, retract driver 23, and switching circuits 24 and
25 configure a control circuit discharging the retract condenser Cr and
supplying the discharging current to the voice coil 5a when the power
supply voltage Vcc is cut off. [0032] The power OFF sense circuit 21
detects the power-off of the drive power supply, and activates the retract
delay circuit 22. [0033] If the drive power supply is cut off, the retract
delay circuit 22 provides the retract delay time Td for damping the angular
momentum of the head assembly 3 due to inertia. Then, if the retract delay
time Td elapses since the drive power supply voltage is turned off, the
retract delay circuit 22 activates the retract driver 23.  



, - 2 JA N 2003 -m [0034] If the power supply voltage Vcc (= 3.3 V) is cut
off and the retract delay time Td elapses, the retract driver 23 turns on
the switching circuits 24 and 25, charges the retract condenser Cr,
supplies the discharge current to the voice coil 5a, and thereby retracts
the head assembly 3 and head slider 4. [0035] The switching circuit 24 is
provided between a boosting terminal UP and a terminal VCM+ of the voice
coil 5a, and the switching circuit 25 is provided between a terminal VCM-
of the voice coil 5a and a ground Gnd. These switching circuits 24 and 25
are controlled by the retract driver 23, are turned off when the drive
power supply is turned on, are turned on when the retract delay time Td
elapses after the drive power supply is turned off, and thereby discharge
the retract condenser Cr. [0036] When the drive power supply is turned on,
the booster circuit 26 generates the boosted voltage Vup (= 3 x Vcc) at the
boosting terminal UP by nearly triplicating the power supply voltage Vcc.
[0037] The retract condenser Cr is provided between the boosting terminal
UP and the ground Gnd, and is charged with the boosted voltage Vup ( = 3 x
Vcc ) when the drive power supply is turned on. If the switching circuits
24 and 25 are turned on, the retract condenser Cr supplies discharge
current as the retract current to the voice coil 5a. [0038] Figure 4 is a
schematic diagram showing an example of the   - 2 JA N 2003 -12 retract
circuit 13. In Figure 4, the power OFF sense circuit 21 comprises a
condenser C1 (= 0.68 ~,F), resisters R1 (= 10 kSZ) and R2 (= 1 kSZ), and an
npn bipolar transistor B1. The condenser C1 is provided between a power
supply line (voltage = 3.3 V) and the ground Gnd, and the resister R1 is
provided between the power supply line and a node A. The transistor B1 is
turned on/off as the drive power supply is turned on/off. Furthermore, a
base of the transistor B1 is connected to the power supply line through the
input resister R2, a collector is connected to the node A, and an emitter
does to the ground Gnd. [0039] The retract delay circuit 22 is a CR
integrating circuit determining the retract delay time Td, and is composed
of a 



resister Rd (= 1 M52) and a condenser Cd (= 0.2 ~,F). The resister Rd is
provided between the node A and a node B. The condenser Cd is provided
between the node B and ground Gnd, and is charged according to a time
constant Rd x Cd (here, R1 is disregarded because R1 is far smaller than
Rd) if the power supply voltage Vcc is cut off. [0040] The retract driver
23 comprises resisters R3 (= 200 k S2), R4 (_ 1 MSZ ) , R5 ( = 3 0 kS2 ) ,
R6 ( = 3 0 kS2 ) , and R7 ( =1 kS2 ) , and nMOS transistors M1, M2, M3, and
M4. [0041] The resister R3 is provided between the node B and a node C, the
resister R4 is between the node C and a node E, the resister R5 is between
a node D and the boosting terminal UP, and the resister R6 is between the
node E and boosting terminal UP. A gate of the transistor M1 is connected
to the node C, a drain is to the node D (the boosting terminal UP through
the resister R5), and a source is to the ground Gnd. A gate of the
transistor M2 is connected to the node D (the drain of the   1 n - 2 JAN
2003 -13transistor M1), a drain is to the node E (the boosting terminal UP
through the resister R6, and the gate of the transistor M1 through the
resister R4), and a source is to the ground Gnd. [0042] In addition, the
resister R7 is provided between a node F and the ground Gnd. Gates of the
transistors M3 and M4 are commonly connected to the node E, and sources are
commonly connected to the node F (the ground Gnd through the resister R7).
A drain of the nMOS transistor M3 is connected to a node G, and a drain of
the nMOS transistor M4 is to a node H. [0043] The transistors Ml to M4
switch almost simultaneously when the power supply voltage Vcc is cut off
and the retract delay time Td elapses. The resisters R3 to R6 and
transistors M1 and M2 configure a Schmitt trigger circuit for switching the
transistors M3 and M4 at a high speed according to a voltage level the node
B. [0044] The switching circuit 24 is composed of a pnp bipolar transistor
B2 and a resister R8 (= 16SZ). In addition, the switching circuit 25 is
composed of an npn bipolar transistor B3 and a resister R9 (= 16S2). The
transistors B2 and B3 are turned on if the transistors M1 and M2 are turned
on. A base of the transistor B2 is connected to the node G through the
resister R8, an emitter is to the boosting terminal UP, and a collector is
to the terminal VCM+ of the voice coil 5a. A base of the transistor B3 is
connected to the node H through the resister R9, a collector is to the
terminal VCM- of the voice coil 5a, and an emitter is to the ground Gnd.
- 2 JAN 2003 r -14 



[0045] The booster circuit 26 is a charge pump circuit, composed of
condensers C2 (= 0.033 ~.F), C3 (= 0.033 ~.F), diodes D1, D2, and D3, pMOS
transistors M5 and M6, and nMOS transistors M7 and M8. [0046] Gates of the
transistors M5 and M7 are commonly connected to an input terminal IN of a
charge pump pulse CPP, and drains are. commonly connected to a node I. A
source of the transistor M5 is connected to the power supply line (= the
voltage Vcc), and a source of the transistor M7 is to the ground Gnd. In
addition, gates of the transistors M6 and M8 are commonly connected to the
node I (the drains of the transistors M5 and M7), and drains are commonly
connected to a node ,7. A source of the transistor M6 is connected to the
power supply line (_ the voltage Vcc), a source of the transistor M8 is to
the ground Gnd. [0047] The condenser C3 is provided between the nodes I and
K, and the condenser C2 is provided between the node J and a node L. In
addition, an anode of the diode D3 is connected to the node J, and a
cathode is to a node K. An anode of the diode D2 is connected to the
cathode K, and a cathode is to the node L. An anode of the diode D1 is
connected to the node L, and a cathode is to the boosting terminal UP.
[0048] The retract condenser Cr (60 ~,F) is provided between the boosting
terminal UP and ground Gnd. This large capacity of retract condenser Cr is
composed of two ferroelectric ceramic condensers connected in parallel. The
ferroelectric ceramic condenser has a withstand voltage of 10 V and a
capacity of 30 wF. The size of each ceramic condenser described above is 7
mm   ' - 2 JAN 2003 -15 x 4 mm x 0.9 mm, which is small. The two ceramic
condensers are mounted in the card assembly 14. [0049] Next, the operation
of the retract circuit 13 shown in Figure 4 will be described. First, the
operation of the retract circuit 13 will be described when the drive power
supply voltage Vcc is applied. In the power OFF sense circuit 21, the
condenser C1 is charged at the voltage Vcc (= 3.3 V). In addition, the
transistor B1 is turned on, and hence the potential of the node A is 0 V.
Furthermore, in the retract delay circuit 22, the potential of the node B
is 0 V. Therefore, current does not flow in the resister Rd, and hence the
voltage between terminals of the condenser Cd is 0 V. [0050] In addition,
in the retract driver 23, the potential of the node C is 0 V. Therefore,
the transistor M1 is kept being off. Since the transistor M1 is turned off,
the potential of the node D is the boosted voltage Vup (= 9.9 V).
Therefore, the transistor M2 is turned on. Since the transistor M2 is
turned on, the potential of the node E is 0 V. Since the node E is at 0 V,
the transistors M3 and M4 are turned off, and hence the potential of the
node F is 0 V. In addition, since base current does not flow through the
transistors B2 and B3 in the switching circuits 24 and 25, the transistors
B2 and B3 keep being turned off. [0051] The booster circuit 26 performs
boosting operation when the power supply voltage Vcc is applied, that is,
generates the boosted voltage Vup at the boosting terminal UP by boosting
the power supply voltage Vcc (= 3.3 V), and charges the retract condenser
Cr with the boosted voltage Vup (= 3 x Vcc).   



- 2~~ J~1 N 2003 - 16 [0052] Hereinafter, the boosting operation of the
booster circuit 26 will be described. First, when the drive power supply
voltage Vcc is applied and the charge pump pulse CPP having a level "H" is
inputted, the transistor M5 is turned off, the transistor M7 is turned on,
and hence the potential of the node I becomes 0 V. Since the node I becomes
at 0 V, the transistor M6 is turned on, the transistor M8 is turned off,
and hence the potential of the node J becomes at the voltage Vcc. Since the
node I is at 0 V and the node J becomes at the voltage Vcc, the diode D3 is
turned on, the potential of the node K becomes the voltage Vcc, and hence
the voltage between the terminals of the condenser C3 is charged up to the
power supply voltage Vcc. In addition, with assuming that the voltage
between the terminals of the condenser C2 was 0 V before the drive power
supply voltage Vcc is applied, the diode D2 is turned on since the node K
becomes at the voltage Vcc. Furthermore, the potential of the node L
becomes the voltage Vcc, and the voltage between the terminals of the
condenser C2 is charged up to the voltage Vcc. Moreover, with assuming that
the voltage between the terminals of the retract condenser Cr was 0 V
before the drive power supply is turned on, the diode D1 is turned on since
the node L becomes at the voltage Vcc. In addition, the potential of the
boosting terminal UP becomes the voltage Vcc, and hence the voltage between
the terminals of the retract condenser Cr is charged up to the voltage Vcc.
[0053] Next, if the charge pump pulse CPP is changed from the level "H" to
a level "L," the transistor M5 is turned on, the transistor M7 is turned
off, and hence the potential of the node I rises to the voltage Vcc. In
addition, the transistor M6 is turned off, the transistor M8 is turned on,
and the potential of the node ,1 falls to 0 V. Since the voltage between
the terminals of the condenser C3 is the voltage Vcc if the potential of
the node I rises to the voltage Vcc, the   - 2 JA N 2003 -m potential of
the node K rises to the potential of 2 x Vcc. If the potential of the node
K rises to the potential of 2 x Vcc, the diode D3 is turned off, and the
diode D2 is turned on. Since the diode D2 is turned on, the potential of
the node L rises to the potential of 2 x Vcc, the voltage between the
terminals of the condenser C2 is charged up to the voltage of 2 x Vcc, and
the diode D1 is turned on. Since the diode D1 is turned on, the potential
of the boosting terminal UP rises to the potential of 2 x Vcc, and the
voltage between the terminals of the retract condenser Cr is charged up to
the voltage of 2 x Vcc. [0054] Next, if the charge pump pulse CPP returns
from the level "L" to the level "H," the potential of the node I falls to 0
V, and the potential of the node J rises to the voltage Vcc. When the
potential of the node I falls to 0 V and the node J rises to the voltage
Vcc, the potential of the node K falls and the diode D3 is turned on. Since
the diode D3 is turned on, the potential of the node K is kept at the
voltage Vcc (the voltage between the terminals of the condenser C3 is kept
at the voltage Vcc). In addition, when the potential of the node J rises to
the voltage Vcc, the potential of the node L rises to the potential of 3 x
Vcc since the voltage between the terminals of the condenser C2 is 2 x Vcc.
When the potential of the node L rises to the potential of 3 x ycc, the
diode D2 is turned off, and the diode D1 is turned, on. Since the diode D1
is turned on, the potential of the boosting terminal UP rises to the
potential Vp (= 3 x Vcc), and the voltage between the terminals of the
retract condenser Cr is charged up to the voltage Vp. [0055] Next, if the
charge pump pulse CPP again is changed from the level "H" to the level "L,
" the potential of the node I rises to the voltage Vcc, and the potential
of the node J falls to 0   - 2 ~a N 2003 _18 V. When the potential of the
node I rises to the voltage Vcc, the potential of the node K rises to the
voltage 2 x Vcc. When the potential of the node J falls to 0 V and the
potential of the node K rises to the voltage 2 x Vcc, the diode D3 is
turned off, the potential of the node L falls, the diode D2 is turned on,
and the diode D1 is turned off. Since the diode D2 is turned on, the
potential of the node L is kept at the voltage 2 x Vcc (the voltage between
the terminals of the condenser C2 is kept at the voltage 2 x Vcc). [0056] 



Next, if the charge pump pulse CPP again returns from the level "L" to the
level "H," the potential of the node I falls to 0 V, and the potential of
the node J rises to the voltage Vcc. When the node I falls to 0 V and the
potential of the node J rises to the voltage Vcc, the diode D3 is turned
on, and the potential of the node K is kept at the voltage Vcc. In
addition, when the potential of the node J rises to the voltage Vcc, the
potential of the node L rises to the voltage 3 x Vcc, and the diode D1 is
turned on. Since the diode D1 is turned on, the potential of the boosting
terminal UP is kept at boosted voltage Vup (= 3 x Vcc), and hence the
voltage between the terminals of the retract condenser Cr is kept at the
boosted voltage Vup. [0057] After this, the operation at the time when the
charge pump pulse CPP again changes from the level "H" to the level "L" and
the operation at the time when the charge pump pulse CPP again returns from
the level "L" to the level "H" are repeated alternately. Therefore, the
potential of the boosting terminal UP (the voltage between the terminals of
the retract condenser Cr) is kept at the boosted voltage Vup (= 3 x Vcc).
- 2 JA N 2003 r -19 [0058] Next, the operation of the retract circuit 13
shown in Figure 4 at the time when the drive power supply voltage vcc is
cut off will be described. When the drive power supply is turned off,
potentials of the nodes I and J both become 0 V, the potential of the node
L becomes equal to or lower than the voltage 2 x Vcc, and hence the diode
D1 is turned off. The potential of the boosting terminal UP is kept at the
boosted voltage Vup (_ 3 x Vcc), and hence the voltage between the
terminals of the retract condenser Cr is kept at the boosted voltage Vup.
[0059] In addition, if the power supply voltage Vcc is cut off, the
transistor B1 is turned off in the power OFF sense circuit 21. When the
transistor B1 is turned off, the potential of the node A rises by the
discharge current from the condenser C1. The discharge current flows
through the resister Rd and charges the condenser Cd in the retract delay
circuit 22. Owing to this, the potential of the node B rises. [0060] As the
potential of the node B rises, the potential of the node C also rises in
the retract driver 23. Then, when the potential of the node C becomes equal
to or more than a threshold value of the transistor M1, the transistor M1
is turned on. When the transistor M1 is turned on, the potential of the
node D falls to 0 V, and the transistor M2 is turned off. When the
transistor M2 is turned off, the potential of the node E rises nearly to
the voltage of 3 x Vcc, and the transistors M3 and M4 are turned on. [0061]
When the transistors M3 and M4 are turned on, in switching circuit 24, the
base current of the transistor B2 flows, and   4 - 2 JA N 2003 -20 



hence the transistor B2 is turned on. In addition, the potential of the
nodes F and H rises nearly to a voltage of 3 x Vcc, the voltage equal to
the node G. Owing to this, in switching circuit 25, the base current of the
transistor B3 also flows, and hence the transistor B3 also is turned on.
[0062] When the transistors B2 and M3 are turned on, the retract condenser
Cr starts discharging. This discharge current is supplied to the terminal
VCM+ of the voice coil 5a as retract current Ir, and flows from the
terminal VCM- to the ground Gnd. The VCM 5 is driven by this retract
current Ir. Then, by the drive of the VCM 5, the head arm 3b of the head
assembly 3 swivels over the disk 1, rotating with inertia, in the OD
direction, climbs the slope 6d of the ramp 6 in the unload direction, and
reaches the parking surface 6a. Hence, the head slider 4 is retracted
(unloaded) at the retract position. [0063] In this manner, when the drive
power supply voltage Vcc is applied, the retract circuit 13 charges the
retract condenser Cr with the boosted voltage Vup (= 3 x Vcc) by boosting
the power supply voltage Vcc by the booster circuit 26. Furthermore, when
the drive power supply voltage Vcc is cut off, the retract circuit 13
drives the VCM 5 by discharging the retract condenser Cr and supplying the
discharge current to the voice coil 5a. Therefore, it is possible to supply
the large retract current to the voice coil 5a even if a low-voltage, small
and thin disk drive such as a disk drive of this embodiment (3.3-V power
supply, and 1"-disk) has only a low power supply voltage. Hence, it is
possible to retract the head arm 3b on the ramp 6. [0064] In addition,
although the booster circuit 26 is composed of a   - 2 JA N 2003 -21 charge
pump circuit in Figure 4, the booster circuit 26 can be composed of a DC-DC
converter comprising a step-up transformer. [0065] As the retract condenser
Cr, it is necessary to select a condenser, which is small in size and large
in capacity, so as to be able to be mounted in the small card assembly 14
and to surely output the discharge current that can retract the head arm 3b
on the ramp 6. In addition, since the DC resistance of the voice coil 5a is
small, that is, nearly 16S2, it is necessary to select a condenser having
small DC resistance as the retract condenser Cr. As a condenser fulfilling
these requirements, there is a tantalum condenser besides the ceramic
condenser described above. [0066] Since a torque constant of the VCM 5 is
small, that is, 0.002 Nm/A in the disk drive of this embodiment (3.3-V
power supply and 1"-disk), it is necessary to supply the large retract
current to the voice coil 5a. Nevertheless, since a torque constant of the
spindle motor 2 also is small, that is, 0.0024 Nm/A, the back-e.m.f. of the
spindle motor 2 is small, that is, nearly 1 V. Owing to these, a
conventional retract circuit as described in the document 1 cannot supply
the retract current, which is enough to retract the head arm 3b on the ramp
6, to the voice coil 5a. [0067] In addition, since the disk drive of this
embodiment charges the retract condenser Cr with the boosted voltage Vup by
the booster circuit 26, it is possible to reduce the capacity of the
retract condenser in comparison with a case that a conventional retract
circuit as described in the document 2 charges a retract condenser with
power supply voltage. The discharge current of the retract condenser Cr is
proportional   4 



- 2 JA N 2003 -22 to its capacity, and is also proportional to charging
voltage. Therefore, so as to flow the same discharge current as that in the
retract circuit 13 of this embodiment in the retract circuit as described
in the document 2, it is necessary to make the capacity of the retract
condenser three times the capacity of the retract condenser Cr (= 60 wF) in
this embodiment. Nevertheless, it is difficult to implement such large
capacity of condenser (= 60 x 3 ~,F) in a small card assembly of a 1"-disk
disk drive. [0068] In the retract circuit 13 shown in Figure 4, the Schmitt
trigger circuit in the retract driver 23 positively feeds back the
potential increase of the node E to the node C through the resister R4.
When, owing to this Schmitt trigger circuit, the potential of the node C
rises to a threshold value of the transistor M1, the nMOS transistors M1
and M2 switch instantly, the potential of the node E abruptly rises, and
the nMOS transistors M3 and M4 are instantly turned on. In addition, when
the transistors M3 and M4 are turned on, the transistors B2 and B3 are
instantly turned on, and the retract condenser Cr starts discharging (thus,
the retract is started). [0069] Therefore, the retract delay time Td that
is the time from the cut-off of the drive power supply voltage vce to the
start of discharging of the retract condenser Cr is determined by the time
necessary for the potential of the node C to rises to the threshold value
of the transistor Ml. Thus, the retract delay time Td is set with the time
constant of the retract delay circuit 22, Rd x Cd. [0070] It is possible to
start the retract at the same time of the cut-off of the drive power supply
without providing the retract   - 2 JAN 2003 -23 delay described above. The
retract delay described above is provided so as to more safely retract
(unload) the head arm 3b and head slider 4. [0071] If the retract delay is
not provided and the power supply voltage Vcc is cut off when the head
assembly 3 seeks in the ID direction, most of the discharge energy
(discharge current) of the retract condenser Cr is consumed for canceling
the angular momentum of the head assembly 3 in the ID direction. Therefore,
it may happen that the retract condenser Cr cannot supply the angular
momentum in the OD direction, which is enough to climb the slope of the
ramp 6, to the head assembly 3. In addition, if the power supply voltage
Vcc is cut off when the head assembly 3 seeks in the OD direction, the
inrush speed of the head assembly 3 to the ramp 6 becomes excessively large
due to this angular momentum in the OD direction. Therefore, the coil arm
3c bumps the crash stop 7a and greatly rebounds, and, in the worst case,
the head arm 3b may fall on the disk 1 from the ramp 6. [0072] Even if the
drive power supply voltage Vcc is cut off when the head assembly 3 seeks in
the ID or OD direction and the VCM driver 12 stops operation, the head
assembly 3 swivels in a seek direction due to inertia for the time being
without stopping. Furthermore, in some case, the coil arm 3d bumps the
crash stop 7b and rebounds in the OD direction, or, in another case, while
the convex portion 3e of the head arm 3b bumps the ramp 6 and rebounds in
the ID direction, the angular momentum of the swiveling motion caused by
the inertia is gradually damped, and the head assembly 3 stops swiveling.
[0073] In a disk drive of this embodiment, it is possible to make the 



- 2 JAN 2003 -24 angular momentum of the head assembly 3 at the time of
retract start always small by providing the retract delay, described above,
by the retract delay circuit 22. Owing to this, it becomes possible for the
head arm 3b to always climb the slope of the ramp 6 and to prevent the coil
arm 3c from greatly rebounding due to bumping the crash stop 7a. Therefore,
it is possible to more safely retract (unload) the head arm 3b and head
slider 4. [0074] Timing of starting the discharge of the retract condenser
Cr (timing of starting the retract) is set at such an interval that starts
from the time when the angular momentum of the head assembly 3 due to
inertia is damped in some measure owing to the retract delay time Td in
comparison with that at the time of power cut-off and ends at the time when
the disk 1 stops rotation caused by inertia. An interval from the cut-off
of the drive power supply to the stop of the swiveling of the head assembly
3 due to inertia is proportional to the moment of inertia of the head
actuator. In addition, an interval that starts from the time when the drive
power supply is turned off and ends at the time when the disk 1 stops
rotation caused by inertia is proportional to the moment of inertia of the
disk 1. In addition, the rotational speed of the disk 1 at the time when
the power supply is turned off is faster than the swiveling speed of the
head assembly 3 at the time when the head assembly 3 seeks. Therefore,
usually, the time necessary until the disk 1 stops the rotation is longer
than the time necessary until the head assembly 3 stops the swiveling.
[0075] The moment of inertia of the head actuator according to this
embodiment is 1 x 10-8 kgm~, and the interval that starts from the time
when the drive power supply is turned off and ends at the time when the
swiveling speed of the head assembly 3 becomes sufficiently slow is nearly
50 ms. In addition, the   - 2 JA N 2003 -25 interval that starts from the
time when the drive power supply is turned off and ends at the time when
the disk 1 stops the rotation is nearly 500 ms. Therefore, in a 1"-disk
disk drive, it is desirable to set the retract delay time Td at 50-100 ms
according to the time constant of the retract delay circuit 22, Rd x Cd. In
addition, An interval that starts from the time when the drive power supply
is turned off and ends at the time when the swiveling speed of the head
assembly 3 becomes sufficiently slow and the time necessary for the disk 1
to stop the rotation depend on the moment of inertia of the head actuator
and disk 1. Hence, retract delay time is set according to these moment of
inertia. For example, in a 2.5"-disk disk drive, it is desirable to set the
retract delay time Td at 500 ms. [0076] Figures 5(a) and 5(b) are
structural drawings of the crash stops 7a and 7b. Figure 5(a) is a
perspective view of the crash stop 7a or 7b, and Figure 5(b) is a
cross-sectional structural view of a place, where the crash stop 7a is
mounted, and its vicinity of a disk drive. In Figure 5(b), reference symbol
5b shows a permanent magnet provided under an upper yoke 5d, and 5c shows a
permanent magnet provided on a lower yoke 5e. The permanent magnets 5b and
5c and yokes 5d and 5e configure the VCM 5 with the voice coil 5a. In
addition, reference number 9 shows a disk enclosure, and,9a does a convex
portion provided in the disk enclosure. [0077] In Figures 5(a) and 5b, the
crash stops 7a and 7b are made of fluororubber, and is made by performing
integrated formation of a stop cylindrical portion 7d, whose diameter is
smaller than that of the support cylindrical portion 7c, on the support
cylindrical portion 7c. A hollow portion 7e is provided in the support
cylindrical portion 7c fox being fixed to the disk enclosure 9. In
addition, a hollow portion 7f far decreasing a   - 2 JA N 2003 



r -26 rebound modulus of the head assembly 3 is provided in the stop
cylindrical portion 7d. Here, the rebound modulus means a ratio of the
swiveling speed of the head assembly 3 just after being rebounded back by a
crash stop to the swiveling speed of the head assembly 3 just before
bumping the crash stop. [0078] The crash stops 7a and 7b are fixedly
provided by fitting the hollow portion 7e, provided in the support
cylindrical portion 7c, with the convex portion 9a of the disk enclosure 9
as in Figure 5. When the head assembly 3 swivels in the OD direction and
the head arm 3b slides on the parking surface 6a of the ramp 6 (see Figures
2(a) and 2b) in the OD direction, the coil arm 3c bumps the crash stop 7a,
and the head assembly 3 rebounds in the ID direction. In addition, when the
head assembly 3 swivels over the disk 1, which is rotating, in the ID
direction and the head arm 3b approaches the center of the dis$ 1, the coil
arm 3d bumps the crash stop 7b and the head assembly 3 rebounds in the OD
direction. [0079] In order to safely retract the head arm 3b on the ramp 6,
it is desirable for each rebound modulus at the crash stops 7a and 7b to be
as small as possible, for example, 0.8 or less. [0080] In the disk drive of
this embodiment, fluororubber that has a large elastic modulus and does not
raise dust in the disk enclosure 9 is used, the hollow portion 7f is
provided in the stop cylinder portion 7d, and hence the stop cylinder
portion 7d made of polyurethane rubber can greatly deform when the coil
arms 3c and 3d bump the stop cylinder portion 7d. Owing to this, it is
possible to make the rebound modulus at the crash stops 7a and 7b be 0.8 or
less. Therefore, it never happens that the head arm 3b falls on the disk 1
because the coil arm   2 ,JA N 200 27 3c of the head assembly 3, which is
retracted on the ramp 6, bumps the crash stop 7a and greatly rebounds . In
addition, if the coil arm 3d of the head assembly 3, which swivels in the
ID direction due to inertia just after the drive power supply is turned
off, bumps the crash stop 7b, it is possible to rapidly reduce the
swiveling speed of the head assembly 3. [0081] Ten disk drives according to
this embodiment were prepared, and 1000 times of retract operation by the
retract circuit 13 was performed in each disk drive by cutting the drive
power supply off during randam-seeking. In consequence, in the grand total
of 1000 x 10 times of retract operation, retract was completely performed
without fail, and a retract failure rate was 0~. [0082] As described above,
according to this embodiment of the present invention, it is possible to
retract the head arm 3b on the ramp 6 since large retract current can be
supplied to the voice coil 5a even in a small and thin disk drive having
low power supply voltage, by charging the retract condenser Cr with the
boosted voltage Vup (= 3 x Vcc) generated by the booster circuit 26 when
the drive power supply voltage Vcc is applied, discharging the retract
condenser Cr by the power OFF sense circuit 21, retract delay circuit 22,
retract driver 23, and switching circuits 24 and 25 when the drive power
supply is turned off, and supplying this discharge current as the retract
current to the voice coil 5a. [0083] [Advantages of the invention] As
described above, according to the present invention, there is such an
effect that it is possible to securely retract a head since large retract
current can be supplied to a coil even 



r. ( . 28 - 2 JA N 2003 in a small and thin disk drive having low power
supply voltage, by charging a condenser with boosted voltage generated by a
booster circuit when a power supply is turned on, discharging the condenser
by a control circuit when the power supply is turned off, and supplying
this discharge current to a coil of a head actuator. 3 Brief Description of
the Drawings: Figure 1 is a structural drawing showing a disk drive
according to an embodiment of the present invention; Figures 2(a) and 2(b)
are explanatory diagrams of a load/unload mechanism in the disk drive shown
in Figure 1; Figure 3 is a block diagram of a retract circuit in the disk
drive shown in Figure 1; Figure 4 is a schematic diagram showing an example
of the retract circuit shown in Figure 3; and Figures 5(a) and 5(b) is an
explanatory diagram of the configuration of a crash stop in the disk drive
shown in Figure 1. [Description of symbols] 1 ... Disk 2 ... Spindle motor
3 ... Head assembly 4 ... Head slider 5 ... VCM 5a ... Voice coil 6 ...
Ramp 7a, 7b ... Crash stops 13 ... Retract circuit 21 ... Power OFF sense
circuit   ,. 



- 2 JAN 2003 29 22 ... Retract delay circuit 23 ... Retract driver 24, 25
... Switching circuits 26 ... Booster circuit Cr ... Retract condenser   -
2 JAN 2003 - 30 Claims; A retract circuit for retracting a head by driving
a head actuator when a power supply is turned off, comprising: a booster
circuit for boosting power supply voltage when the power supply is turned
on; a condenser charged at the boosted voltage by the booster circuit; and
a control circuit for discharging the condenser to supply discharge current
to a coil of the head actuator when the power supply is turned off, wherein
the control circuit sets delay time for damping momentum caused by inertia
of the head actuator before discharging of the condenser is started after
the power supply is turned off. 2. The retract circuit according to Claim
1, wherein the condenser is a ceramic condenser or a tantalum condenser. 



3. The retract circuit according to Claim 1, wherein the booster circuit is
a charge pump circuit or a DC-DC converter. 4. A disk drive comprising: a
disk recording medium; a head assembly having a head reading data from and
writing data to the disk recording medium; a voice coil motor for
swivelling the head assembly; and a retract circuit for retracting the head
by driving the voice coil motor when a drive power supply is turned off,
wherein the retract circuit comprises: a booster circuit for boosting power
supply voltage when the power supply is turned on; a condenser charged at
the boosted voltage by the booster circuit; a control circuit for
discharging the condenser to supply discharge current to the voice coil
when the power supply is turned off;   - 2 JA N 2003 - 31 crash stops for
determining a swivelling range of the head assembly, and wherein each of
the crash stops has a rebound modulus of 0.8 or less at the time when the
head assembly bumps one of the crash stops. 



5. The disk drive according to Claim 4, wherein the disk drive further
comprises: a ramp for supporting the head assembly when the head is
retracted, and wherein the retract circuit unloads the head assembly on the
ramp when a drive power supply is turned off. 6. The disk drive according
to Claim 4, wherein the control circuit sets delay time for damping angular
momentum caused by inertia of the head assembly before discharging of the
condenser is started after a drive power supply is turned off. 7. A retract
method for retracting a head by driving a head actuator when a power supply
is turned off, comprising the steps of: preparing a booster circuit, a
condenser, and a control circuit; boosting power supply voltage by the
booster circuit when the power supply is turned on and charging the
condenser at the boosted voltage; setting the delay time by the control
circuit for damping momentum caused by inertia of the head actuator; and
then discharging the condenser by the control circuit to supply discharge
current to a coil of the head actuator when the power supply is turned off.
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