10°

15

20

25

30

WO 96/21927 PCT/US96/00134

DISK DRIVE STICTION RELEASE SYSTEM
EIELD OF THE INVENTION

The present invention relates to a data storage device, and more
particularly, to a disk drive including firmware for pulsing both the spindle
motor and the actuator upon start-up of the disk drive over a predetermined
range of frequencies to overcome stiction at the head/disk interface regardless of
how many of the heads are stuck to the disk surfaces. o

BACKGROUND OF THE INVENTION

Conventional disk drives for use in work stations, personal computers,
and portable computers are required to provide a large amount of data storage
within a minimum physical space. In general, disk drives operate by positioning
a read/write transducing head over respective tracks on a magnetic storage disk.
Positioning of the head over the tracks is accomplished by an actuator coupled
with control electronics, which control the positioning of the actuator and the
read/write functions of the heads. During non-operational periods of the drive,
the head in many drive designs is landed on a non-data carrying zone of the disk
at either the inner or outer diameter of the disk.

A significant source of failure in a disk drive arises from a phenomenon
known as stiction. A head slider tends to adhere to the disk surface in the
landing zone when the head is at rest on the disk. Upon staﬁ-up of the disk
drive, the limited motor torqﬁe cannot overcome the stiction force at the
head/disk interface and thus the drive cannot spin-up for normal operation.
Stiction may arise from one or. more of several causes. First, liquid lubricant on
the disk surface tends to migrate into the head/disk interface to generate high
stiction due to a meniscus effect. Such a liquid lubricant is commonly used on
the disk surfaces to increase wear resistance of the head/disk interface. Second,
any other liquid, like water vapor and lubricants used for other components in
the disk drive may also get into the head/disk interface and thus cause stiction
problems. Third, outgassing may result in the formation of adhesive-like
materials on the disk surface, thereby causing stiction at the head/disk interface.
Finally, as the flying height of the magnetic head over the magnetic disk is
decreased to allow higher magnetic recording densities, disk and head surfaces
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have to be very smooth to minimize head/disk contact while the drive is in
operation. Generally smooth surfaces lead to larger contact area between the
head and disk surfaces, thereby causing higher stiction at the head/disk interface.
The present trend toward miniim;ization of disk drives and drive
components further eoinpl_icgte_s the problem of reducing stiction at the head/disk

‘interface. In the current genzr#tion disk drives, the size of the spindle motor and

power output therefrom have been reduced to the point where the stiction force at
the head/disk interface '_is' significant as compared to the torque output of the
spindle motor. : -

Several solutions have been offered to overcome to problem of stiction.
One solut:on is to texture the landing zone on the disk as disclosed for example
in U.S. Patent No 4,973,496 to Kruger et al. and in U.S. Patent No. 5,062,021
to Ranjan et al. Textunng the landmg zone results in a rough disk surface.
Therefore the contact area of the head on the disk surface is reduced, which in
turn reduces stiction. However, a fundamental disadvantage of rough disk
surfaces is that the head will contact the disk surfaces at low head flying heights,
which in turn will cause early failure of the head/disk interface. Some
conventional disk drives have textured surfaces only in the landing zone.
However, selective textuﬁng of the disk surface results in different elevations of
the disk surface between the textured zone and the untextured zone. As a result,
the head often contacts the hlgher elevation portion of the disk when traveling
from the textured’ to the untextured pomon of the disk, which contact can
damage the head and shoxten longevity of the disk drive.

Another method for overcoming stiction is taught in U.S. Patent No.
4 970 610 to Knappe entltled “Magnetic Disk Drive Start Procedure- for Starting
Reaction Torque Amplification”. Knappe disclosed pulsing the spindle motor
upon start-up of the drive, at a frequency approaching the resonant frequency of
the motor when all the heads are completely stuck to the disk surfaces. Pulsing
at the resonant frequency of the spindle motor reinforces and amplifies the
effective torque from the epmde mo_toxf and the amplified force will break free
the heads from the dlsksutfaces ‘However, the resonant frequency of the motor
will vary depending on the number of heads which are actually stuck to the disk
surfaces. Since a drive genei‘ally includes a plurality of heads and disks, it is
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very likely that not all ofrhe'heads are stuck to the disk surfaces. When many
oftheheadsarestuck theresonantfrequencyofthespmdlemotorwrllbehrgh
Conversely, when only a few heads are stuck, the resonant frequency will be
relatively low. Therefore, settmg the pulse frequency of the spindle motor for a
smgle case where all of the heads are stuck to the disk surfaces will result in an

~ improper pulsmg when stiction occurs at less than all of the head/disk interfaces.

Furthennore, the amplrﬁed force resulung from pulsrng of the spmdle

B motor is only in the direction of disk rotation. But stiction at the head/disk

mterface has, in general, direction preference, i.c., the strctlon force may be
smaller in a direction other than the direction of the disk rotation. Since the
above method of pulsmg the spindle motor can only generate a breakmg force in
the direction of disk rotation, this generated force may be inefficiently directed
and may not be sufficrent to break free heads from disk surfaces for vanous
instances of stiction.

SUMMARY OF THE INVENTION

It is therefore an advantage of the présent invention to provide a system

for overcoming stiction at the head/disk interface upon start-up of a disk drive.
" Itisa further advantage of the present invention to pulse the spindle

motor and the actuator srmullaneously at a same frequency but with a phase lag
to break free the heads from the disk surface by generatmg resultant forces that
continuously change in the angular du'ectron 50 as to overcome stiction in the
direction of least resistance.

It is a still further advantage of the present invtion to pulse the spindie
motor and the actuator simultancously at different frequencies to break free the
heads from the disk surface by generatmg resultant forces that contmuously

| change in the angular drrecuon 50 as to overcome stiction in the direction of least

resistance.

It is another advantage of the present invention to pulse the spindle motor
and the actuator simultaneously over a range of predetermined resonant
frequencies of the spindle motor to break the heads free regardiess of how many
heads are actually stuck to the disk surfaces.
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These and other advantages are accomplished by the present invention
which relates to a disk drive_ including firmware for bfeakihg free the heads of
the disk drive which may adhere to the disk surfaces after the heads have been at
rest on the disk surfaces. As explained in the Background of the Invention
section, stiction in one direction may be smaller than stiction in another
direction. By applying forces alternatively in various directions around the
head/disk intezface,. thé heads may be broken free from the disk surfaces in the
direction in which stiction is at its minimum. Upon start-up of the disk drive, if
the available motor torque cannot overcome the stiction force at the head/disk
interface and fails to spin-up the disks, the electric current to the spindle motor
and/or to the actuator will be mpldly fluctuated so as to cause fretting motions of
the spmdle motor and/or the actuator. The tesultant forces can be alternatively
generated at the head/disk interface in a plurality of directions around the
head/disk interface by pulsing the spindle motor and the actuator at a same
frequency but with a phase lag of x/2. Another way of generating resultant
forces in the plurality of directions is to pulse the spindle motor and the actuator
simultaneously at the resonant frequency of the spindle motor. If the pulsing
frequencies are close to the resonant quuencles of the motor or the actuator, the
forced vibration at these frequencxes will have a certain amount of phase lag.
This phase lag will result in the resultam forces at the headldnsk mterface ina
pluxalxty of dxrectlons.

The resonant fmquency of the actuator has very weak depéndence on how

- many heads are stuck to the disk surfaces and is much higher than the resonant

frequency of the spindle motor. .'_l'hex'efom, the amplified resultant forces are
generated by pulsing the'm,otor at several predétermined frequencies which
correspond 1o the resonant frequencies of one head being stuck, two heads being
stuck, etc. and by siinultineously pulsing the actuator at the same ﬁequencies as
the motor. | “

Firmware accordmg to an exemplary embodiment of the present invention
is 1mplemented m a retry mode, j ie., whenh an attempt has been made to start
rotation of the dlsks but st:ctlon has prevented disk rotation.

BRI !'N'F_.” D
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The invention will now be explained with reference to the Figures in
which: - - : |

Figure l isa perspectwe view of a disk drive accordmg to the present
invention; |

Figure 2 is a schemanc represenﬁtion of the printed circuit board and the
head/disk assembly according to the preseat inveation;

Figure 3 i rs a ﬂow dragram of the fimlware accordmg to the present

‘invention;

Figure 4 is a xepreseritaﬁon of pulsing to the motor and the actuator;
Figure 5 is a graph of force vectors created at the head/disk interface

'. according to the present mventron, and

Figure 6 is a graph of force’ vectors created at the head/dlsk mterface
according to an altematlve embodunent of the present mventlon

DETAILED DESCRIPTION
The invention will now be described with reference to Figs. 1-6, which
relates in general to a disk drive including ﬁrmware for overcommg stiction upon
start-up of a disk drive. It is understood tbat the present mventron may operate
with disk drives of vanous desrgns and sizes. Moreover, it is understood that the
function and results of the firmware in the present mvenuon may be implemented
by means other than firmware resident i in a read only memory. - For example, as

' is known in the art, the advantages of the present invention may be accomplished

by down loading software from a drsk or a dynamrc memory source such as a
random access memory resrdent within the host computer Additionally, as is
further known in the art, rt rs understood that the function and results of the
firmware according to the present invention may be rmplemented by hardwiring . .
the program into a programmable logic array within the host computer.

- Referring now to Fig. 1, there is shown a disk drive 20 including a
plurality of storage disks 22a-d and a plurality of read/write heads 24a-h. One
head 24 is provided for each surface of the four disks of disks 22a-d. It is
understood that the disk drive 20 may include more or less than the above-
disclosed number of disks and heads in alternative embodiments. Each
read/write head 24'com1')nfries'a transducer 25 mounted to a slider 26. The slider
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26 of each head 24a-h is in turn supported on actuator arms 28a-h. Transducer
25 may be a conventional inductive tmnsdhding clement, or in an alternative
embodiment, may be a magneto-resistive (MR) transducing element. Actuator
arms 28a-h are provided to pivot around pin 30 by voice coil motor 32. As is
known in the art, during operation of the drive 20, disks 22a-d are rotated by a
spindie motor 29 and adtuat_or arms 28a-h pivot read/write heads 24a-h across the
surfaces of the disks so that data can be transferred between the read/write heads
24a-h and the disks 22a-d in a plurality of concentric data tracks. Rotation of the
disks cause a cushion of fluid to form between the sliders 26 and the surface of
the disks, such that the heads 24a-h *fly" above the surface of the disks during
operation of the disk drive. The sliders 26 carry the respective read/write heads
24a-h |

As shown in Figs. 1 and 2, the disk drive 20 further includes a printed
circuit board (PCB) 34 having the data transfer and control electronics for the
drive. A microprocessor 35 is provided on the PCB 34 for sending data to, and
for recewmg data and information from, the disks 22a-d via the heads 24a-h and
the read/write controller 36. The nucroprocessor 35 further provndes a signal to
the spindle motor oontmller 38, ‘which in turn supplies a voltage to the stator of
the spindie motor 29 to thereby control the rotational speed of the motor.

_ Snmlarly, the mlcroprocessor 35 prawdes a signal to the actuator controller 40,

which in tum supplies a voltage to winding terminals of the voice coil motor 32
to thereby control the axial position of the actuator afms 28a-h and the heads
24a-h with respect to disks 22a-d. As is known in the art, the PCB 34 further
mcludes a read-only memory (ROM) clnp 42 coupled to the microprocessor 35
for stonng a control program _fqr the disk drive 20. The firmware according to
the present invention is part of the control program, and is resident in ROM 42.
During spin-down of‘-thg dlsks 22a-d upon shut-down of the spindle motor
of the disk drive, the heads 24a-h are p_ivoted to a landing zone 58 at the inner
d'_lameter of the disks 22a-d. In an ai;cmaﬁve embodiment, the landing zone may
be located at an onter diameter landing zone 60. Once the angular velocity of
the disks 22a-d has slowed suffiéiently, the heads 24a-h land on the landing zone
58 or 60, and remain in contact with a section of the landing zone until the next
subsequent start~up of the disk drive. As explamed in the Background of the
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Invention sectlon pmlonged contact between the heads and disks during non-
operatronal periods of the drive may result in high stiction at one or more of the
head/disk interfaces. In order to overcome the stiction forces so that the disks _
may rotate_and the heads may fly over the disks, the present invention includes a
stiction release code as part of the drive firmware for pulsing the spindle motor
and/or the voxce corl motor over a range of discrete ﬁequencres ~The stiction

. release code is executed ina "retry mode" namely, when an attempt has been

made to start rotation of the disks but strctlon has prevented disk rotation. The
stiction release code may alternauvely be executed upon each start-up of the
drive 20. '

As shown in Fig. 3, the firmware according to the present invention first
checks feedback singles from the spindle motor to see if an error in the normal
start-up sequence of the dtsk drive has occurred. If an error occurs, the
firmware checks whether the error is related to a stiction event, as for example
when the commumtxon count is smaller than or equal to 3. If the error is indeed
stiction related, the pulsrng sequence will be initiated aﬁer a short delay (50
milliseconds, for example) After pulsmg the spindle motor and the actuator, the
_heads should be free from the disk surfaces, and the new tnal w1ll be made to
spm-upthedrsks22 Ifatnaloftheshctronreleasecodefaﬂedto break free the
heads from the dnsk surfaces the stiction release code would be executed up to,
for example, 10 times before the drive poses an error in start-up message.

By pulsmg the voltage to the spmdle motor 29 at a resonant frequency of
the spmdle motor, the force genemted by the spmdle motor at each pulse is
positively reenforced and effecttvely amplrﬁcd For the heads 24a-h which are
stuck to the respectnve surfaces of drsks 22a-d, amphﬁcatron of the spmdle motor
power output will create a large shear stress at the head/disk interface, which
stress will tend to break the heads free of the drsk surfaces.

' However, when the heads have been at rest on the landing zone, it is
possible that only some of the heads have adhered to the surface of the disks,
while other heads have not. Upon start-up of the disk drive, therefore, it is not
known how many oftheheads are in fact stucktothcsurfaces of the disks.

~ The frcquency at wluch resonance occurs for the spindle motor is
dependent on several drive characteristics, including the moment of inertia of the
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disk pack and the cumpylative adhesive force of each of the stuck heads together.
As such, the resonant frequencies for the spindle motor will vary depending on
how many of the heads 24a-h are actually stuck to disks 22a-d upon the start-up
seﬁuenoe of the drive. A disk drive having, for example, eight heads will
potentially have eight different resonant frequencies, with the resonant frequency
at any given time being determined by the actual number of heads stuck to the
disks at that time. Where, for example, there are a large number of heads stuck

‘to the disks, the resonant frequency will be relatwely high. Conversely, where

there are a small number of heads stuck to the disks, the resonant frequency will
be relatively low.

Therefore, the present invention contemplates pulsing the spindle motor
29 over a range of discrete frequencies, which range includes at least resonant
frequencies of the spindie motor corresponding to 1 head stuck, 2 heads stuck,
etc., up to N heads stuck, where N equals the total number of heads in the disk
drive. Each of the resonant frequencies corresponding to differing numbers of
stuck heads may be experimentally determined for a particular disk drive.
Alternatively, the range of frequencies thay include discrete frequency increments
that are sufficiently small so as to necessmly include at least the approximate
resonant frequencies for the spi_ndle motor corresponding to diffen'ng numbers of -
stuck heads. .

The present invention further- conteniplai,es applying a force at the
head/disk interface, which force may be applied in a plurality of directions
around the head/disk interface. As explained in the Background of the Invention
section, stiction in one direction niay be smaller than stiction in another
direction. By applying forces alternatively in various directions around the
head/disk interface, the heads may be broken free from the disk surfaces in the )
direction in which stiction is at its niinimum. Upon start-up of the disk drive, if
the available motor torque cannot overcome the stiction force at the head/disk
interface and fails to spin-up the disks, the electric current to the spindle motor
and to the ectﬁator may be rapidly ﬂuctuaied s0 as to cause fretting motions of
the spindle motor and the actuator. The fretting motion of both the spindle
motor and the actuator results a force generated in the slider with respect to the
disk at each head/disk interface where stiction occurs. Moreover, the direction
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of this force w1ll vary so as to be apphed ina pluralrty of directions around the
 head/disk mterface(s) ) :

The resultant forces can be altemauvely generated at the head/disk
interface in a plurality of directions around the head/disk interface by pulsing the
spindle motor and the actuator at a same frequency but with a phase lag of /2.
Another way of genérating resultant forces in the plurality of directions is to
pulse the spmdle motor and the actuator snmulmneously at the resonant frequency
of the spindle motor. lf the pulsmg frequencres are close to the resonant
frequencies of the motor or the actuator, the forced vibration at these frequencies
will have a certain amount of phase lag. This phase lag will result in the
resultant forces at the head/disk interface in a plurality of directions.

The followmg are examples of pulsmg sequences according the present

invention:

Example 1:
Both the motor and the actuator are pulsed at w Hz while the puise to the
actuator has a phase lag of x/2. If the frequency of w Hz is far away from the

| resonant frequency of the spmdle motor or the actuator, the fretting motion of

the disks 22 in the circumferential direction, y, (Fig. 4) and the fretting motion
of the actuator in the radial direction, x, can be described as follows:

. X = A cosfcoswt 1)

y = Bsinwr + Asinfcoswr . @

where 0 is the skew angle of the heads 24 relative to the radial dixection; wis the
pulsing fierjuency; t is the time; A and B are the amplified constants of the
spindle motor and the actuator respectwely The forces generated from the
relatwe motion of the dlsks 22 and the heads 24 in x and y directions are given
by:
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F, = kA cosfcoswt @)
F, = kB sinot. + kA sinfcoswt (L)
' combining equations (3) and (4):

x| s [D2] =1+ |2 sineoswr|” + 2 sin@sinwrcoswr
kAcoso | kB 18 B

where k is stiffness of the head/disk interface. It is apparent that the contour of
the resultant force given by equation .(5) is an ellipse. Figure 5 shows indeed
that the direction of resultant fpfce is follbwin_g thé contour of an ellipse for a
skew angle of 10 degrees and where the amplified constants A and B are equal to
~ each other. For the mﬁu‘ltant force b'eing' generated through 360° around the
ellipse, the pulsing of the spindle motor and the actuator is applied for 2x/w
seconds. For example, 0.209 seconds are needed for the pulsing frequency of 30
Hz and about 63 milliseconds are needed for the pulsing frequency of 100 Hz.

Example 2: -

Both the motor and the actuator are pulsed at w Hz, while the pulse to the
actuator has a ph_asé lag of #/2. If thé fréquency of w Hz is close to the resonant
frequency of the spindle motor, thgn.the fo.rces generated from the relative
motion of the disks 22'and.thé_ heads 24 in x and y directions are given by:

F, = kA cosftosw? : 6)

F,, = kB sin(wt + ¢) + kA sinfcoswr )]
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combining equations (6) and (7):

I 5 -
2.:.2 .
F, ] +[_£y__] =hcoszw,[mz¢+,4sma+umo

kAcost kBcosyp B%os?,  Boose
+ cos2wt | tang + M
: Bcosy )

where ¢ is the phase shift due to the forced vibration at the fteque;ncy close to
the resonant frequénéy of the spindle motor. It is apparent also that the contour
of the resultant force given by equation (8) is an ellipse. Since the spindle motor
is pulsed at the frequency close to the resonant frequency, an ampiiﬁed force will
be generated at the headldlsk mterface in the direction of the disk rotation. But

 the fretting motion of the actuator with a phase lag will cause the resultant

(amplified) force to chang_e dme_cno_ns along an el_hp;e. Figure 6 shows that the
direction of resultant forces are following the contour of ellipses for different
values of . | ' N '

Example 3:
Both the motor and the actuator are pulsed at Wy, w,_, w3, ... Hz,

sequentially in a reverse order, while the pulse to the actuator has a phase lag of
/2 but at the same frequency. The frequencies of w, Wy, W3, ... Hz are the
resonant frequencles of the spindle motor correspondmg to one head, two heads,
three heads, etc., being stuck to the d1sk surfaces. Thcse frequencies can be
predetennmed by expenmemal measuxements For a 3% inch form factor disk
drive, for example, the resonant frequencles mnge from 50 Hz to 400 Hz, while
the resonant frequency of the actuator is much higher, around 2 kHz. As shown
in the Example 2, pulsing at the discrete frequencies will have the same effect in
generating resultant forces in all the directions. Since the frequencies, «;, w,,
@3, ... Hz, are resonant fnequenmes of the spindle motor corresponding to one
head, two heads, three heads, etc., being stuck to the disk surfaces, the firmware
essentially issues a pulsing sweep so that the heads can be broken free from the
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disk surfaces in most efficient way regardiess how many heads are stuck to the
disk surfaces.

. Example 4:

The motor is pulsed at Wy Hz-and the actuator is pulsed at w, Hz. Then

the forces generated from-the relative mo_tion'of the disks 22 and the heads 24 in

x and y directions are given by
. Fy = kA cosfcoswyt ®
Fy = kB cosw, + kA sinfcosw,t (10)

¢¢mbini_ng equations (9) and (10): |

2 2 - ;
F F. _ ’ . 2 (11)
. M‘;;Sa o [ I% ] = Coszwlt + (coswzf + A/Bsmﬂcoswlt)

The contour of the resultant force given by equation (11) may also generate a
resultant force through 360° around an ellipse, with the amplitude of the
resultant forces changing with time.

Although the invention has been described in detail herein, it should be
understood that the invention is not limited to the embodiments herein disclosed.
Various changes, substitutions and modifications may be made thereto by those
skilled in the art without departing from the spirit or scope of the invention as
described and defined by the appended claims.
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1.  For use in a disk drive comprising a stoi_age disk having data tracks and a
landing zone, a spindle motox: fof rotating storage disk, a head for transfening
datatoandfmmthedamtracksandmngedtoﬂyabovethedatamksdunng
a period of operatnon of the dxsk dnve and to contact tlle landing zone during a
period of non-opemuon of the disk drive, and an actuator for controllably
positioning the head at preselected radial positions of the disk mcludmg the data
tracks and the landing zone, a in'ethod for overcoming stiction between the head
and the landing zone upon transition from non-operation to operation of the disk
drive, comprising the steps of: | ' |

providing control electronics to control operation of the spindle motor and
the actuator by transmitting control signals; and

operating the control electronics, during transition from non-operation to
operation of the disk dnve to generate control signals to:

i) pulse the spindle motor at a first preselected frequency to apply a
force that frets the motion of the stomge disk in the circumferential direction,

ii) pulse the actuator at a second preselected frequency to apply a
force that frets the motion of the actuator in the radial direction, and

iti)  coordinate the pulsing of the _spindle motor and the actuator to
cause a resulting force acting upon the head at the contact between the head and
the landing zone that continuously changes angular direction and includes a
direction of least stiction between the head and the landing zone.

2. The method of claim 1, wherein the first frequency equals the second
frequency and the second frequency is out of phase relative to the first

fmquency

3. The method of claim 2, wherein the second frequency is out of phase
relative to the first frequency by a period equal to %/2.

4. The method of claim 1, wherein the first frequency equals the second
frequency, which frequency has a value substantially unequal to a resonant
frequency of the spindle motor or actuator.

1 ) )
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5. The method of claim 1, wherein the first frequency equals the second
frequency, which frequency has a value appmxnmanely equal to a resonant
frequency of the spmdle motor or actuator.

6.  The method of either one of claims 4 and 5, wherein the second
frequency is out of phase relative to the first frequency.

7. The method of claim 6, wherein the second frequency is out of phase
relative to the first frequency by a period equal to /2.

8. For use in a disk drive cbmprising a stack of storage disks, each having
data tracks and a landing zone, a spindle motor for rotating the stack of storage
disks, a plurality of heads, each one of the heads for transferring data to and
from the data tracks of a respective one of the stack of storage disks and
arranged to fly above the respecuve data tracks during a period of operation of
the disk dnve and to contact the respectwe landing zone during a period of non-
operation of the dlsk dnve, and a plumhty of actuators, each one of the actuators
for controllably positianing a respective one of the plurality of heads at
preselected radial positions of the disk corresponding to the respective one of the
heads including the data tracks and the landing zone, a method for overcoming
stiction between the heads and the landing zones upon transition from non-
operation to operation of the disk drive, comprising the steps of:

pro\}iding control -elec'tronics to control operation of the spindle motor and
the actuators by tmnsinitting contrbl signals; and

operating the control electromcs, durmg transition from non-operation to
0perat10n of the disk dnve, to generate control signals to:

i) pulse ;he spindle motor at each of a first preselected set of
frequencies to appiy' a force that frets the motion of the storage disk in the
cxrcumferennal dnrectlon, _ |

ii) pulse the actuators at each of a second preselected set of
frequencies to apply a force tha; frets the motion of the actuator in the radial
direction, and ' |

iii) . coordinate the pulsing of the spindle motor and the actuators to

-

R R
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cause a resultmg foree actmg upon the head at the conitact between the head and
the landing zone that contmuously chmges angular direction and includes a
direction of least stiction between the head and the landmg zone.

9. The method of cla:m 8 wherem the ﬁrst preselected set of frequencies
includes a frequency correspondmg to the resonant frequency of the spindle
motor when oneoftheheads:sheldby st:cnontoxtsrespectwe landing zone, a
frequency correspondmg to the resonant frequency of the spindie motor when
two of the heads are held by stiction to their respectwe landing zones, and so on
up to a number of freq_uencxes_ equal to the number of heads in the plurality of
heads.

10, A dlsk drive eompnsmg
| a storage disk havmg data tracks and a landmg zone,

a spindle motor responsnve to control slgnals, for rotatmg storage disk;

a head for tmnsfemng data to and from the data tracks and arranged to
fly above the data tmcks dunng a penod of operatron of the disk drive and to
contact the landing zone dunng a penod of non-opemuon of the disk drive;

an actuator xesponslve to control slgnals to controllably posmon the head -
at pxesclected radxal posmons of the dlsk mcludmg the data tracks and the

| landmgzone,and - __ .

control clecuonics operatmg during a transltton from non-operation fo
operation of the disk dnve, to generate the control slgnals to:

i) pulse the spmdle motor at a first pteselected frequency to apply a
force that frets the motxon of the storage dllk in the circumferential direction,

if) pulse the actuator ata second pxeselected frequency to apply a
force that frets the motton of the actuator in thc radial du'ectxon, and

iii) coordmate the pulsmg of the spmdle motor and the actuator to
cause a resulting force actmg upon the head at the contact between the head and
the landing zone that contmuously changes angular direction and includes a
direction of least stiction between the head and the landing zone.

11.  The disk drive of claim 1.0', wherein the ﬂrst'frequency equals the second
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frequency and the second frequency is out of phase relative to the first
frequency.

CT/US96/00134

12.  The disk drive of claim 11, wherein the second frequency is out of phase
relative to the first fra,qu;ency by a period equal to x/2.

13.  The disk dnve of claim 10, wherein the first frequency equals the second
frequency, which frequency has a valus substantmlly unequal to a resonant
frequency of the spindle motor or actuatof.

14.  The disk drive of claim 10, wherein the first frequency equals the second
frequency, which frequency has a value approximately equal to a resonant
frequency of the spindle motor or actuator.

15.  The disk drive of sither one of claims 13 and 14, wherein the sécond
frequency is out of phaée relative to the first frequency.

16.  The disk drive of claim 15, wherein ihe second frequenéy is out of phase
relative to the first frequency by a pet_'_iod equal to x/2.

17. A disk drive comprising:

a stack of storage disks, each having data tracks and a landing zone;

- a spmdle motor, responsive to control signals, for rotating stack of

storage disks; .

a plurality of héads, éach one of the heads for transferring data to and
_from the data tracks of a xespectwe one of the stack of storage disks and
arranged to fly above the respective data tracks durmg a period of operation of
the disk drive and to contact the respective landing zone during a period of non-
operation of the disk "dx"ive; | |

a plurality of actuators, each one of the actuators responsive to control
~ signals for controllably posmomng a respectwe one of the plurality of heads at
preselected radial positions of the dxsk corresponding to the respective one of the
heads mcludmg the data tracks and the landing zone; and

[
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control electromes opemtmg durmg a transmon from non-opcratron to
operation of the disk drive, to genemte the control signals to:

i) pulse the spmdle motor at each of a first preselected set of
frequencres to apply a force that frets the motron of the storage disk in the
circumferential directron, S - :

i) pulse the actuators at each of a second preselected set of

: frequencres to apply a foroe that frets the motion of the acmator in the radial
direction, and ' "

iii)  coordinate the pulsing of the"spindle motor and the actuators to
cause a resulting force actrng upon the head at the contact between the head and
the landing zone that contrnuously changes angular direction and mcludes a
drrectlon of least stiction between the head and the landmg zone.

WO 9621927 PCT/US96/00134

18.  The disk drive of claim 17, wherein the first preselected set of
frequencies meludes a frequency correspondmg to the resonant frequency of the
spindle motor when one of the heads is held by stiction o its respective landing
zone, a frequency correspondmg to the resonant frequency of the spindle motor
when two of the heads are held by stlcnon to therr rcspectrve landmg zones, and
50 on up to a number of frequencres cqual to the number of heads in the plurahty

of heads.

'19. Ina disk drive mcludmg one or more heads for transfemng data to and
from a plurality of disks, and a motor means for creating relatrve motion
between the one or more heads and the plurahty of disks, a method for
overcomrng stiction between the one or more heads and the plurahty of disks,
compnsmg the step of pulsmg the motor means over a range of fnequencres to
amplrfy a force exerted by the motor means at stiction mterfaces between the one
or more heads and the respective surfaces of the plumhty of storage disks.

20.  The method for overcommg stretron as recited in claim 19, wherein the
range of frequencres includes at least approxrmate resonant frequencres of the
motor means with 1 head stuck, 2 heads stuck etc., up fo N heads stuck, where
N equals the total number of heads in the one or more heads.

-17-
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21.  1Ina disk drive including one or more lieads for transferring data to and
from a plurality of disks, and a spindie motor for rotating the piurality of disks,
a method for overcoming stiction between the one or more heads and the _
plurality of disks, com_pzising the step of pulsihg the spindle motor over a range
of predetermined frequ%@ie_s, said predetennined frequencies including at least
approximate resonant 'fr_equ.enci_es of the spindle motor with various numbers of
heads stuck to the plurality of disks.

'22.  The method of claim 21, wherein the various numbers of heads stuck
viries from 1 to N, where N equals the total number of heads in the one or more
. heads. o

23, The method of claim 21, wherein pulsing of said spindle motor occurs at
no greater than four-hundred hertz (400Hz) and no less than fifty hertz (S0Hz).

24. Ina disk drive including a head and dlsk assembly havmg one or more
heads for transferring data to and from a plurahty of disks, a spmdle motor for
rotating the plurality of disks, and an actvator assembly for positioning the one
or more heads with respect to the plur-ality of :disks, a method for overcoming
stiction between the one or more heads and thé plurality of disks, comprising the
steps of: , |
pulsing the spindle motor over a range of discrete frequencies, said
discrete frequencies including at least approximate resonant frequencies of
the head and disk assembly for 1 to N heads stuck, where N equals the
total number of heads in the one ot more heads; and
pulsing the actuator assembly.

25. ’l‘h_g met,hod_l of claim 24, whe(ei_n the spindle motor is pulsed in a
direction substantially orthogonal t¢ a direction in which the actuator assembly is
pulsed.

26. A disk drive including means for overcoming stiction of a plurality of
heads on respective surfaces of at least one storage disk upon start-up of the disk

-18-
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drive, compnsmg

27.

a houslng
~ ahead and disk assembly, mcludmg
' the at least one stomge disk within said housing for storing
data the at least one stomge disk includmg a landing zone;
g means for romtmg the at least one storage disk,
- the plurality of heads for transferring said data to and from
the at least one storage disk, and
' a plumhty of bearing means on whlch the plurality of heads
are mounted, said plurality of bearing means resting on a section
of said landing zone on each of the at least one storage disks
during nonoperatnonal penods of the disk drive; and
control means for controllmg said transfer of data and for

| controllmg the rotatxon of said mtatmg means, said control means further

mcludmg means for pulsmg said rotatmg means over a range of

frequencies, sald range of frequenc:es mcludmg at Jeast approximate

resonant ftequencnes of sald head and disk assembly corresponding to 1
head stuck, 2 heads stuck etc up to N heads stuck, where N equals the

total number of heads in the plumhty of heads, said pulsing means

provided to free said beanng means from said landing zone on each of the
at least one storage disks upon start-up of the disk drive.

The disk drive of cla:m 26, wherem said rotating means pulses at no

greater than four-hundred hertz (400Hz) and no less than fifty hertz (50Hz).

28.

A disk drive as recited in claim 26, fux’ther comprising:
actuator means within said housing for positionirig the plurality of
heads with respect to th_'e"at' leks’t'"r"o'ne'Sﬁraige diSk; and
" wherein said control means further includes second pulsing means
for pulsing said actuator meens, said second pulsing means provided to
free said beanng means from said landing zone on each of the at least one
suu-age disks upon start—up of the disk drive.
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