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DISK DRIVE SUCTION RBT.BMB SYSTEM 

fTJiJ n OF TBB INVENTION 

The present invention relates to a data storage device, and more 

particularly, to a disk drive including finnware 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 sruck to the disk surfaces. 

BACJ(QROUNP OF TIIB 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 i~ accomplished by an actuator coupled 

with controf 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 de!igns 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 f~ure 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 start~up of_ the disk 

drive, the limited motor to.rque cannot overcome the stiction force at the 

head/disk interface and thus the drive cannot spin-up for nonnal 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 fonnation 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. Geneially smooth surfaces lead to Jarger contact~ between the 

head and disk surfaces, dimvby causins higher stiction at the head/disk interface. 

The present ttmad toward miraiaturiZation of disk drives and drive 

components further complicates the problem of reducing stiction at the head/disk 

interface. In the current scmoiation disk drives, the size of the spindle motor and 

power output therefl"Olll bav~ been ntduced to the point where the stiction force at 

th~ head/disk interface is 1ipiflcant as compared to the torque ~utput of the 

spindle motor. 

Sev~ral solution$ h~ve been offered to overcome to problem of stiction. 

One solution is to textu"' the Janding. 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. S,062,021 

to Ranjan et al. Textu~g the landin~ zone results in a rough disk surface. 

Therefore the contact area of the head on: the disk surface is reduced, which in 

tum reduces stiction. However~ a fundamental disadvantage of tough disk 

surfaces is that the head will (X)lltact the disk surfaces at low head flying heights, 

which in tum will cause early failure of the head/disk interface. Some 

conventional disk drives h8.ve textured surfaces only in the landing zone. 

However, selective textnring of the disk sudace results in different elevations of 

the disk smface between the textu~ zone and the untextured zone. As a result, 

the head often contacts the higher elevation portion of the disk when traveling 

from the textured· to the untextured portion of the disk, which contact can 

damage the head and shorten longevity of the disk drive. 

Another method for overcoming stiction is taught in U.S. Patent No. 

4,970,610 to Knappe entitJe4 "Magnetic Disk Drive Start Procedure·for Starting 

Reaction Torqu~ Amplification". ~ppe disclosed pulsing the spindle motor 

upon start-up of the dtjye, a~ a .frequency ~pproaching the resonant frequency of 

the motor when all the heads are completely stuck to the disk surfaces. Pulsing 

at the resonant frequency o( the spindle motor reinforces and amplifies the 

effective U>rque from the. spindle motor and the amplified force will break free 

the heads from the diSk s~1faces'.. 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 generally includes a plurality of heads and disks, it is 
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very likely that not all of the heads are stuclc to the disk sUrfaces. When many 
of the heads are stuck, the resonant fmquency of the spindle motor will be high. 

: '·' 

Conversely, when only a few heads are stuck, the resoDan1: frequency will be 

relatively low. ~' Setting· the pu1Se frequency of the spindle motor for a 
single case where all of tile beads me stuck to the disk surfaces will result in an 
improper pulsing when· stictiou occurl ·at less than all of the head/disk interfaces. 

Furthermore, the amplified force resulting from pulsing of the spindle 
· motor is only in the dlreCtion of disk rotation. But· stictlon at the bead/disk 

interface has, in general, direction pmference, ~' the stictlon force may be 

smaDer in a direction other than the direction of the disk rotation. Since the 
above method of pulsing the spindle motor can only generate a bttaldDg force in 
the direction of disk rotation, this generated force may be inefficiently directed 

and may not be sufficient to break free heads· from disk surfaces for various 
instances of stiction. 

SUMMARY OF THB INYBNTION 
It is therefore an advantage of the present invention tO provide a system 

for overcoming stiction at the head/disk interface upon start-up of a disk drive. 

It is a further advantage of the present invention to pulse the spindle 
.. . 

motor and the actuator simultaneously at a same frequency but with a phase lag 
to break free the heads from the disk swface by generating resultant forces that 

continuously change· in the angular direction so as to overcome stiction in the 
direction of least resistance. 

It is a still ftuther advantage of the present invention to pulse the spindle. 
motor and the actuator simultaneously at different frequencies to break. free the 
heads from the disk surface by generating resultant forces that continuously 
change in the angular direction so 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 predetennined resonant 
frequencies of the spindle motor to break the heads free regardless of how many 
heads are actually stuck to the disk smfaces. 
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These and other advantages are accomplished by the present invention 

which relates to a disk drive including fmnware for breaking free the heads of 

the disk drive which may adhere to the disk surfaces after the heads have been at 

rest on the disk surfacos, IU explabled in the Background of the Invention 

section, stiction in one direction may be smaller than stiction in another 

direction. By applyinr fo~s alternatively in various directions around the 

head/dislc interface, the h~ may be broken free from the disk surfaces in the 

direction in which stiQtion is at its minimum. Upon start-up of the disk drive, ff 

the available motor torque cannot overcome the stiction force at the head/disk 

interface and fails to spin~up the diw, the electric current to the spindle motor 

and/or to the actuator will be rapidly fluctuated so as to cause fretting motions of 

the spindle motor andlot the actuatOr. The resultant forces can be alternatively 

generated at the head/disk interface ~ 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 T/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 1esonant.fte'quencies of the motor Qr the actuator, the 

forced vibmtion at these frequencies will have a certain amount of phase lag. 

This phase lag will result in the 1esultant forces at the head/disk interface in a 

plurality of directions. 

The resonant frequency of the actuator has very weak dependence on how 

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

frequency of the spindle motor. Therefore, the amplified resultant forces are 

genen.ted by pulsing the motor at ~veral predetermined frequencies which 

correspond to the resonant frequenci,a of one head being stuck, two heads being 

stuck, etc. and by simultaneousJy pulsing the actuator at the same frequencies as 

the motor. 

Fitmware according to ~n exemplary embodiment of the present invention 

is implemented in a retry mode, i&.., whett an attempt has been made to start 

rotation of the disks but stiction has p~ented disk rotation. 

BRIEF PESCRIPJ10N OF DIE DRAWINGS 
. . ! . . . . . 
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The invention will now be explained with reference to the Figures in 

which: 

Figure 1 is a perspective view of a· disk drive according to the present 
invention; 

Figure 2 is a schematic representation of the printed circuit board and the 

head/disk assembly according to the present invention; 

Figure 3 is a· flow diagram of the finnware according to the present 

invention; 

Figure 4 is a represeritation of pulsmg to the motor and the actuator; 
Figure S is a graph of force vectors created at the head/disk interface 

according to the present invention; and 

Figure 6 is a graph of force. veetors created at the head/disk interface 
according to an alternative embodim~t of the present invention. 

. : . 

. DBTAD-BP. DBSCRIPI'ION. 

The invention will now be described with reference to Figs. l-6, which 
relates in general to a disk drive including firmware for overcoming stiction upon 
start-up of a disk drive. It is understood that the present invention may operate 
with disk drives of various designs and sizes. Moreover, it is understood that the 
function and resuJts of the finnware in the present invention may be implemented 
by means other than finnware resident 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 disk~ or a dynamic memory source such as a . . . 

random access memory resident within the host computer. Additionally, as is 
further known in the art, it is understood that the funCtion and results of the 
finnware according to the p~t invention may be implemented by hardwi.ring 

the program into a programmable logic array within the host computer. 

Refening now to Fig. 1, there is s~own a disk drive 20 including a 
plurality of st0rage disks 22a~·anc1 a plurality of read/write ·hems 24a-h. One 
heacl 24 is provided for each ·surface of the four disks of disks· 22a-d. It is 
understood that the dislc drive 20 may include more or less than the above­

disclosed number of disks and heads in alternative embodiments. Each . .. . 

read/write head 24 ccimpri&es· a transducer 2S mounted to a slider 26. The slider 
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26 of each head 24a-h ~ ~ tum supported on actuator anns 28a-h. Transducer 

2S may be a conventional inductive transducing element; or in an alternative 

embodiment, may be a magneto-resistive (MR) transducing element. Actuator 

anns 28a•h -~ provided to pivot around pin 30 by voiee coil motor 32. As is 

known in the art, durin. operation of t~ drive 20, disks 22a-d are rotated by a 

spindle motor 29 arid actuator a~s 28a-h pivot ~Ywrite heads 24a-b across the 

surfaces of the disks so that data can_ be nansferred between the read/write heads 

24a-h and the disks 22a-d in a plurality of concentric data· tracks. Rotation of the 

di~s cause a cushion of fluid to fonn between the sliders 26 and the surface of 

the disks, such that the hcrads 24a-h "tly" above the sudace 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 3S is prov~ed on the PCB 34 for sending data to, and 

for receiving data and infonnation from, the disks 22a-d via the heads 24a-h and 

the read/write controller 36. The m,icroprocessor 35 further provides a signal to 

the spindle motor controller 38, wbi.ch in- tum supplies a voltage to the stator of 

the spindle motor 29 to thereby contl'()l the rota~onil speed of the motor. 

Similarly, the microprocessor 35 provides a signal to the actuator controller 40, 
'• .. ; ' 

which in tuni supplies • voltage to winding tenninals of the voice coil motor 32 

to thereby control the axial position Qf the actuator arins 28a-h and the heads 

24a-h with respect to disks 22a-d. ~ is known in the art, the PCB 34 further 

includes a read-only memory (ROM) chip 42 coupled to the microprocessor 35 

for storing a control program for t~e disk drive 20. The fmnware according to 

the present invention is part of the control J>rogram, an~ is resident in ROM 42. 

During spin-down of the ~s:ks 22a-d upon shut-down of the spindle motor 

of the disk drive, the hea~s 24a-h ~ pivoted to a ~ing zone 58 at the inner 
. . . . . ~ . . 

diameter of the disks 22a-4. In an -1temaqve embodiment, the landing zone may 

be located at an oµter diameter landing zone 60. Once the angular velocity of 

the disks 22a-d has slowed sufficiently, the heads 24a-h land on the landing zone 

58 or 60, and remaip in oo,ntact with a section of the landing zone until the next 

subsequent start-up of the disk drive. As explained in the Background of the 
\ 

-6-



WOff/21'27 PCT/US96/00134 

Invention section, prol~ contact between the heads and disks during non­

operational periods of uae drive may result in high stiction. at one or more of the 

head/disk interfaces. 'h order to ~eil::ome the stiction forces so that the disks . 

may rotate and the heads may fly over the disks, the piesent invention includes a 

S · stiction release cocfe as part of the drive· tinnware fc>r pulsiJlg the spindle moior 

and/or the voice coil motor over a range of disci"etc frequencies. The stiction 
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release code is executed in a •retry mode•; namely, when an attempt has been 

made to start rotation of the disks but stiction has p~vented disk rotation. The 

Stiction release code may alternatively be executed upon each start-up of the 

drive 20. 

As shown in Fig. 3, the fmnware according to the present invention first 

checks feedback singles from the spindle motor to see if an error in the nonnal 

start-up sequence of the disk drive has 0ccu1Tect If an error occurs, the 

finnware checb whether' the error is related to a stiction event, as for example 

when the commutation caunt is smaller than or equal to 3. If the error is indeed 

stiction related, the pulsing sequence will be initiated after a short delay (SO 

milliseconds, for examj>le). After pulsing the spindle motor and the actuator, the 

heads should be iree from the dis1c surfaces, and the new trial will be made to 

spin-up the disb 22. If a trial of the stiction release code failed to break free the 

heads from the disk surfaces, the stiction release code would be executed up to, 

for example, I 0 times before the drive poses an error in start-up message. 

By pulsing the voltage to the spindle motor 29 at a lesonant frequency of 

the spindle motor, the fOrce genemted by the spindle motor at each pulse is 

positively rcenfmced and Cffectively amplified. For the. heads 24a-h which are 

stuck to the respective surtaCes of disks 22a-d, · amplification of the spindle motor 

power output will create a large shear stress at· the hCadldisk interface, which 

stress will tend to break tlie heads tree of the disk surfaces. 

However, when the headi have been at rest on the landing zone, it is 

possible that only lome of the heads have adhered to the surface of the disks, 

while other heads have Dot. Upon start-up -of the disk drive, therefore, it is not 
. ·. ·. 

known how many of the heads are in fact stuck to the surfaces of the disb. 

The frequency at which resonance occun for the spiiidie mOtor is 

dependent on severill drive characteristics, includb1g the moment ()f inertia of the 
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disk pack and the cuJlluJative adhesive force of each of the stuck heads together. 

As such, the resonant fnrquencies for the spindle motor will varjt depending oil 

how many of the heads 24a-h are acfUallY stuck to disks 22a-d upon the start-up 

sequence of the drive.. /\ disk drive having, for example,. eight heads will 

potentially have eight difforent resonant frequencies, with the resonant frequency 

at any given time being •ennined by the actual number of heads stuck to the 

disks at that time. Whore, for exampJe, there are a large number of head~ stuck 

. to the disks, the ~nant frequency will be relatively high. Conversely, where 

there are a small number of h~s stuck to the disks, the resonant frequency wilJ 

be relatively low. 

Therefore, the present iQv9ntjon_ contemplates pulsing the spindle motor 

29 over a range of discrelJ frequencies, which range includes at least resonant 

frequencies of the spindle motor corresponding to I head stuclc, 2 heads stuck, 

etc., up to N heads stuck, where N equals the total number of heads in the disk 

drive. Each of the rosonant frequencies corresponding to differing numbers of 

stuck heads may be experimentally determined for a particular disk drive. 

AJtematively, the range of frequencies may include discrete frequency increments 

that are sufficiently small so u to necessarily include at leaSt the approximate 

resonant frequencies for the spindle motor corresponding to differing numbers of · 

stuck heads. 

The present invention further· contemplates applying a force at the 

head/disk interface, which force may be applied in a piurality of directions 

around the head/disk interface. As explained in the Background of the Invention 

section, stiction in ono direction may be smaller than stictioo in another 

direction. By applying forces alternatively in various directions around the 

head/disk interface, the heads ma)' 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 overcom~ the stiction force at the head/disk 

interface and fails to spb1-up the disks, the electric current lo the spindle motor 
. I . , . 

and to the actuator may be rapidl)' fluctuated so as to cause fretting motions of 

the spindle .Uotor and the actuator. The fretting motion of both the spindle 

motor and the actuator results a f~rce generated in the slider with respect to the 

disk at each head/disk interface where stiction occurs. Moreover 1 the direction 
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of this fo:rce will vary so as to bC applied in a plufallty of directions around the 
head/disk interface{s). 

The 1e1ultant forees can be alternatively genemted at the head/disk 
interface in a plui-ality of directions around the head/disk interface by pulsing the 
spindle motor and the ~ at a same frequency but with a phase lag of T/2. 
Another way of geiuftiing 1e1ultant forces in the plurality of directions is to 
p~se the spindle mofur anci_ the actuator simultaneoUsly at the teSODallt frequency 
of the spindle motor~· If the pUising frequencies are close ~ th~ n:sonant 
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 h~disk interface in a plurality of directions. 

The following are examples of pulsing.· sequences according· the pn:sent 
· ··· invention: 

' 15 

20 

2S 

Example 1: 

Both the motor and the actulltot are pulsed at "' Hz, while the pulse to the 
actuator has a phase lag Of -r/2. If the frequency of ~ Hz is far away from the 
resonant frequency of the spindle 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 cosfJCOSc.Jt (1) 

y = Bsinc.11' + A.rlnlco~t (2) 

where 6 is the skew angle of the heads 24 relative to the radial direction; "'is the . 
pulsing frequency; t is the time; A and B are the amplified constants of the 
spindle motor and the actUator, respecti\'ely. The forces generated from the 

. . 

relative motion of the disks 22 and the heads 24 in x and y directions are given 
by: 
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(3) 

F y = lcB sin(,Ot. + kA sin8cosC1Jt (4) 

combining equations (3) and (4): 

where k is stiffness of the head/disk interface. It is apparent that the contour of 

the resultant force given by equation (S) is an ellipse. Figure S shows indeed . 

that the direction of resultant force is. following the contour of an ellipse for a 

skew angle of 10 degrees and where the amplified constants A and ii are equal to 

each other. For the resultant force being generated through 360° around the 

ellipse, the pulsing of the spindle motor and the acruator is applied for 2TICAJ 

seconds. For example, 0.209 seconds ~ 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 p~se lag of w/2. If the frequency of c.i> Hz is close to the resonant 

frequency of the spindle motor, then the forces generated from the relative 

motion of the disb 22· and the heads 24 in x and y directions are given by: 

(6) 

F y = kB sin(C1Jt + ~) + kA sinBcoswt (7) 
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combining equations (6) and (7): 

where q, is the phase shift due to the forced vibration at the frequency close to 

the resonant frequency of the spindle motor. It is apparent also that the contour 

of the resultant force given by equation (8) i• an ellipse. Since the spindle motor 

is pulsed at the frequency close to the resonant frequency, an amplified force will 

be generated at the bCadldisk interface 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 change directions along an ellip~. Figure 6 shows that the 

direction of resultant forces are following the eontour of ellipses for different 

values of </J. 

Example 3: 

Both the motor and the actuator are pulsed at 6>1, ~,. 6>], ••• Hz, 

sequentially in a reverse order, while the pulse to the actuator has a phase lag of 

w/2 but at the same frequ~y. The frequencies of c.>1, c.>2, C1>:3, ••• Hz are the 

resonant frequencies of the spindle motor corresponding to one head, two heads, 

three heads, etc., being stuck to the disk surfaces. These frequencies can be 

predetennined by experimental measurements. For a 31h inch fonn factor disk 

drive, for example, the re~ant frequencies ~ge from SO 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, c.Ji, c.J2, 

6>], ••• Hz, are resonant frequencies ()f the spindle motor COJTesponding to one 

head, two heads, three heads, etc., being stuck to the disk surfaces, the finnware 

essentially issues a pulsing sweep so that the heads can be broken free from the 
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disk surfaces in most effl,cient way :regardless how many heads are stuck to the 

disk sutfaces .. 

Bxample4: 

The motor is J)lJlscd at "'J Hi and the actuator is pulsed at <a>2 Hz. Then 

.the forces generated from:the relative motion of the disks 22 and the heads 24 in 

x and y directions are given. by 

(9) 

(10) 

combining equations (9) and (10): 

(11) 

The contour of the resultant force given t>y equation (11) may also generate a 

resultant force through 360° around an ellipse, with the amplitude of the 

resultant forces changing with time. 

Although tbe 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 tile spirit or scope of the invention as 

described and defined by the appended claims. 
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WBCLAIM: 
1. For use in a disk ~~ comprising a stmage disk having data tracks and a 

landing zone, a spindle motor for rotating storage dislc, a head for transferring 

data to and from the data tracks and arranged to fly above the data t:mcks during 

a period of operation of ~· ~ drive and to ~tact the Janding zone during a 
. , • I 

period of non-operatk,n of t&e' disk 'clrive, and an actuator for 'conttollably 

positioning the. head at preselected radial positions of the disk including the data 
! 

tiacks and the landing .mne, a method for overcoming stiction between the head 

and the landing zone upon ~tion 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 translllitting control sijnals; and 

operating the control electronics, during transition from non-operation to 

operation of the disk drive, to generate conttol signals to: 

i) pulse the spindle motor at a first preselected frequency to apply a 

force that frets the motion of the storage disk in the circumferential direction, 

ii) pulse the actuator at a· second pi'eseJected frequency to apply a 

force that frets the motion of the actuator in the radia1 direction, and 

iii) 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 

diRction 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 

frequency. 

3. The method of claim 2, wherein ·the second frequency is out of phase 

relative to the first mquency by a period equal to -..12. 

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. 
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S. The method of claim I, wherein the first frequency equals the second 

frequency, which freq11ency has a value approximately equal to a resonant 

frequency of the spindl~ motor or actuator. 

6. The method of either one of cJaims 4 and 5, wherein the second 

frequency is out of phase ·relative to th~ first frequency. 

7. The method of claim 6, wherein the second frequency is out of phase 

relative to the first frequency by a poriOd equal 'to Tl2. 

8. For use in a disk drjve comprising a stack of storage disks, each having 

data tracks and a landlng 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 ~ respective one of the stack of storage disks and 

arranged to fly above the feSPeCtive data tracks Quring a period of operation of 

the disk drive and tQ contact the respective landing zone during a period of non­

operation of th~ disk drive, and a plurality of actuators, each one of the actuators 

for coiltJ'.Ollably positioning a respective one of the plurality of heads at 

preselected radial positions of the disk corresponding to the respeetive one of the 

heads including the data tracks and the landing zone, a method for overcoming 

stiction between the i.cts and the landing zones upon transition from non­

operation ~o operatiOn of the disk drive, comprising the steps of: 

providing control electronics to control operation of the spindle motor and 

the aetuators by transmitting control signals; and 

operating the contrQl electronies, during transition from non-operation to 

operation of the disk drive, to generate control signals to: 

i) pulse tile spindle motor at each of a first pteselectoo set of 

frequencies to apply a force that frets the motion of the stora~ disk in the 

circumferential direction, 

ii) pulse the actuat.orS at each of a second preselected set of 

frequencies to apply 2!l force that fretS the motion of the actuator in the radial 

direction, and 

iii) coordinate the pulsing of the spindle motor and the actuators to 
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cause a resulting force acting upon the head at the c:Oiitact between the head and 

the landing zone that continuously changes aDiutar ditt.ction and includes a 

direction of least stiction between the head aDd the Janding zone. 

9. The method of cliwn 8, wbe~ the flrst preselectCct set of frequencies 

includes a frequency corresponding to the iesonant frequency of the spindle 

motor when one of the heads is held by stiction to its respective landing zone, a 
. . . .' . ·. 

frequency correspo~g tO the resonant· frequency of the Spindle motor when 
. . 

two of the heads are held by Stiction to their respective. landing zones, and so on 

up to a number of frequencies equal to the number of heads in the plurality of 

heads. 

10. A disk drive comprising: 

a storage disk having data tracks and a lailding zone; 

a spindle motor~. •nsive to control signals, for rotating storage disk; 

a head for tnnsfe~g data to and from the data tracks and manged to 

fly above the data tr8cks during a period Of Operation of the disk drive and to 

contact the landing zone durlng a JJeriod of non-operation· of the disk drive; 

an actuator resp(msive to control' signa]s to controllably pOsition the head 

at preselected radial positi!lDs of the disk including the data tracks and the 

landing mne; and 
: . . . ·: ·. . •, 

control electronics· operating during a transition from non-operation to 
. .· . . . 

operation of the disk dri~, to generate the control signals to: 

i) pulse the spindle motor at a first preselected frequency to apply a 

force that frets the motion of ·die storage disk ~·the circumferential direction, 

ii) pulse the ~tor at a second p~ frequency to apply ~ 
force that frets the moti~ of the actuator in the radial direction, and . . 

ill) c:Oordinate the pulsing of the .spindle motor ~d the actuator to 

cause a resulting force acting upon the head at the contact between· the head and 

the landing zone that con~uously_ change1 anphlr direction and includes a 

direction of least stiction between the head and the landing z0ne. 

11. The disk drive of c~ 10, wherein the first· frequency equals the second 
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frequency an~ the seQmd frequency is 9ut of pM.se relative to the first 

frequency. 

12. The disk drive of clailn 11, wherein th~ second· frequency is out of phase 

relative to the first (n,qu~y by a pui.od equal to tr/2. 

13. The disk dtjve ()f c:Jabn 10, wherein' the first frequency equals the second 

frequency, which frequency has a value substantially uneqoal to a resonant 

frequency of the spindl" motor or actuatot. 

14. The disk drive of C?laim 10, ~herem 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 either one of claims 13 and 14, wherein the second . . . . . 

frequency is out of phase relative ~ the first frequency. 

16. The disk drive of claim 15, wherein the second frequency is out of phase 

relative to the fi.rst frequency by a period equal to T/2. 

17. A disk drive comprising: 

a stack of stor1:ge disks, each having data tracks and a landing zone; 

a spindle motor, responsive to control signals, for rotating stack of 

storage disks; 

a plurality of heads, each one of the hea~s for transferring data to and 

from the data tracks of a respective one of the stack of storage disks and 

arranged tQ fly above the re~tive data tracks during a period of operation of 

the disk drive ;and to contact the ~pective landing zone during a period of non­

operation of the disk drive; 

a plurality c:>f actUators, each one of the aetuato~ responsive to control 

signals for controllabl~ .positioning 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 dai. tracks and the landing zone; and 
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control electronics Operatln~ dairlng a transition from non;.operation to 

operation of the disk drive, to generate the control signals to: 

i) pulse the spindle motor at each of a first preselected set of 
: . . 

frequencies to apply a f~rce that frets th~ motion of the ~torage disk in the 

circumferential direction,. 

ii) pulse the ~rs at each of a second pn:~ set of 

frequencies. to apply a friice that frets· the motion of the· a¢tuator in the radW 

direction, and 

iii) coordinate thC pulsing Of the 'spindle motor and the actuators to 

cause a resulting force acting upon the head at the contact betwee~ the head and 

the landing zone that continuously changes angular direCtiOn and inclµdes a 

direction of least stictioo· between the head· aild the landing zone. 

18. The disk drive of~ 17, wherein the first preselected set of 

frequencies includes a frequency corresponding to the resonant frequency of the 
. .. . . 

spindle motor when orie of the heads is held by stiction to its respective landing 

zone, a frequency corresponding to the resonant frequency of the spindle motor 

when two of the heads· are· held by stictic>n to. their respective landing zones, and 
.. . . . .. 

so on up to a number of frequencies equal to the number of heads in the plurality 

of heads. 

19. In a disk drive including One or more heads for transfeD'ing data to and 

from a plmality of disks, and a motor means for creating relative motion 

between the one or more heads· and the plurality of disks, a method for 

overcoming stiction between the one or more heads and· the plurality of disks, 

comprising_ the step of pulsing the mOtor means over a range of frequencies to 

amplify a force exerted by the motor meal'ls at stiction intedaces between the one 
. ,, . : . . .. 

or more heads and the respective sutfaces of the plurality of storage disks. 

20. The method for overcoming stiction· as recited in claim 19, wherein the 

range of frequencies includes at least approximate resonant frequencies of the 

motor means with I beacf stuck, 2 heads stuck, etc.,'up tC> N heads stuck, where 

N equals the total number of heads in the one or more heads. 
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21. ln a diSk drive including one or more f'ads for transfer.ring data to and 

from a plurality of disks, and a spindle motor for rotating the plurality of disks, 

a method for overcoming stiction between the one or more heads and the 

plurality of disks, COIQprising tho stop of pulsing the spindle motor over a range 

of predetennined freqllen<?ios, .aicl :predetennined frequencies including at least 

approximate resonant froqucncies of tbe sPindle motor with various numbers of 

heads stuck to the plurality of disks· 

·22. the method of ~laim 21, wherein the various numbers of heads stuck 

varies from l to N, where N equals the total number of heads in the one or more 

heads. 

23. The method of claim 21, wbcreiIJ pulsing of said spindle motor occurs at 

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

24. In a disk drive including a head and disk assembly having one or more 

~ds for transferring daui to and from a plurality of disks, a spindle motor for 

rotating the plurality of disks~ and an actuator assembly for positioning the one 

ot more heads with respect to the plurality of disks, a method for overcoming 

stiction between the one or mo~ heads and the plurality of disks, comprising the 

steps of: 

pulsing the spindle motor over a range of discrete frequencies, said 

discrete frecluencies 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 ~mbly. 

25. The method_ of claim ~4, wherein the spindle motor is pulsed in a 

direction substantially orthogonal to a direction in which the actuator assembly is 

pulsed. 

26. A disk drive includiµg means for overeornin~ stiction of a plumlity of 

beads on respective surfaces of at least one storage disk upon start-up of the disk 
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drive, comprising: 

a hftna: ...... .. ..,~, 
a hea<falld diskassembly, mcluding: 

. . . 

the at. least one Storage dist within said housing for storing 

data, the at ~ o~ .,. disk including a landing zone; 

'ro1athig ineans for rt>tamag the at least one storage disk, 

. the pl~ty of hCads for transferring said data to and from 

the at ~ one stomge disk, and 

a pluralitY ~f bearing means on which the plurality of heads 

are mounted, said· plulality of bearing means resting on a section 

of said landing zone on each of, the at least one storage disks 

during nonoperational periods of the disk drive; and 

contrtll fu~ for Cri~trollfug said transfer of data and for 

controlling the loulti~n ·of said rotating llleans, said control means further 

including means for pulsing said rotating means over a range of 

frequencies, said range. of ~cies including at least approximate 

resonant frequ~cles of said ~ and dist assembly corresponding to 1 

head stuck, 2 heacls stuck, etc., up to N heads stuck, where N equals the 

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

provided to free said bearing means from said landing zone on each of the 

at least one storage disks upon start-up of the disk drive. 

27. The disk drive of c1abD 26, 'whelein slid :rotating means pulses at no 

greater than four-hunmecJ hertz. (400Hz) and no less tlian fifty hertz (SOHz). 

28. A disk drive as recited in claim 26, further comprising: 

actuator means within said housing for positioning the plurality of 

heads with ~t to th~ at least one· stOnige disk; and 
. : . 

wherein said control means further includes second pulsing means 

for pulsing said actuator means, said second pulsing means provided to 

free said bearing means from said landing mne on each of the at least one 

storage disks up(>n start-up of the disk drive. 
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