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failure in a disk drive aris
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.

S iined,

di ameter of the disk. eI%MFI%QBlel%_QEI:[_m_m\ﬂ,;ﬁembﬁn|f|cant sour ce of
om a phenomnenon

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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20 known as stiction. A head slider tends to adhere to the

di sk surface in the | andi ng zone when the head is at rest
on*t he di sk. Upon start-up of the disk drive, the limted
notor torque cannot overcone the stiction force at the

head/ di sk interface and thus the drive cannot spin-up for normal operation.
Stiction nmay arwe®éR1em one or nore of several causes. First, PCHUS$/00134

| ubricant on 25 the disk surface tends to mgrate into the

head/ di sk interfacey t\% BHRSVery Gndtth b minimize head/disk contaét whiledfe dHPe istina
meni scus effect. Suc 't qui'd lubricant Iis commonly used on

the di sk surfaces t QNMIEaGQHWSWQQﬂI surfagesclead ta lazger soniactiassa hetyvesnrthe o
Second, rstkogul?ﬁEesl bﬁiﬁb‘,& mhéxﬁfw’gﬁéﬁlﬁuﬁpﬂfm@ﬂ&dma{ int@fics.

used for ot her corrponen s1n rive may also get
into the head/ di sk i nt er Thepresent! trehili towand: sxiniswiizatioprof 3iisk drives and drive
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i nterface. interface. Ifritiadunent genctation idiskidriyes)cthe bize of thehspindicometor and
head over the nmagnetic disk. is ecrease w_hi
magneti ¢ recor ding REKE QUL thewefrom haye WQHN\S#HI:@Q i where the Stierlbn®orce at
-1- the HGY/AfRk Zﬂt&?-z?ce is significant as compared to the torque output of the
PCT/ US96/ 00134 have To- be very smooth to m nim ze

head/ di sk cont act mm@emﬁordru ve is in operat i on.

CGener al | j snmoot h surface I toPOVR Wiﬁ?lblélﬂ%f tiction.
head and di sk surfaces, ere yhfc?%{iﬁaggb%&uoﬁe?%t iction at heagl d|l sk

i nterface. _ 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
15 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 textunng _of the disk surface results in different elevations of
20 the disk surface between the textured zone and the untextured zone. As a result,
the head often contacts the higher el_evation j)ortion of the disk when traveling
from the textured to thie untextured portion 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.
25 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
30 effective torque from the epindie motur and the amplified force will break free
the heads from the dlsk sutfaces ‘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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The present trend toward mniaturization of disk drives and drive 5
conponents further conpli cates the probl em of reducing stiction at the -
neaar or ok T e ettt et G S Ol L [ OS
the size of the spindle notor and ~ power output therefrom
have been reduced to the point where the stiction force at

t he hea%di sk interface Is significant as conpared to the torque output of

t he spindl e notor. 10 PCT/E96/8M34 <ol uti ons
have been offer ed to overcone to problemof stiction. One
sol ution is vesy likslyshas notall bfitheiheariszwe stucktd the dilkssurfacesdi Whemmadly f or
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el evati on port I on hg? lf'fFeenﬁﬂék ﬁv@ﬁaﬂﬁ- &.S iction force may %om t he
i@xtured to smaﬂenmtaailtenumdothelrmamﬂwaﬁrebﬁm off thi mslsﬁmhomosmthecan

anat hor ot ARGt B i 2Bt oor cin Sl meoerse  taling foe Mo, 25

4,970, 610 td:d«mﬁm ofdisk Iutaich) e  obcedyBe Meffidiently Giteted © 1 OF
Starting act | .on or(ilue Anpl | fii cat | nappe discl osed
pul si ng t he 28,may ngt %wgﬁmenttobreak tsufaceg fopyarigs drive, at a

frequency apjfagéssiofifctdac r esonant frequency of : t he notor
en all the heads are conpletely stuck to the disk surfaces. Pulsing

the resonant frequency of the splndle not or relnforces and anplifies the
30 effective 2 5 : pt or and the anplified
force will break free om t he di sk surfaces.
However, the reslbﬂﬂaﬂl:ﬂmquadmtaz&ofﬂmpre&enrmvenﬂontopmﬂeasyswniI vary

dependi ng Oﬁrtobgrc&\m\téesﬁct?gn ﬂeiﬁéjﬁem&&hm% aCt ua up o alﬁxskodntvge di sk,
~ Itis a further advantage of the present invention to pulse the spindle
20 motor and the actuator s:mullanenusly 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'ectnon 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
25 ~ motor and the actuator simultaneously at different frequencles to'bxeak' free the
' ' | heads from the disk surface by genelatmg resultant forces that continuously

change in the angular dn'ecuon 50 as to overcome stiction in the direction of least
resistance.

FTHE lutuun N

It is another advantage of the present invention to pulse the spindle motor
30 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.



sutfaces. Since a drive generally includes a plurality of heads and di sks,
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PCT/ US96/ 00134 very likely that not all of the heads
are stuck to the disk surfaces When many of the heads
are stuck, the W7 frequency of the spindle m)tor wi || be RGTHI$96/00134
Conversely, when only a few heads are stuck, the resonant frequency will be
rel atively | ow. Theref or eTheseird agertdaeamgesare‘x esresent fivestionot or

for a 5 | e case where, gl | of ad ar othe
di sk surfaces will r%%‘&\‘fel?'gﬁwd'* dnveinclu%mgi?nnw g’ﬁ%\?‘"}ﬁﬂgﬁ%%
stiction occurs at |88 gisk e WHichOhay skﬂmﬁeﬁ%éluﬁksﬁﬂiﬁ hfi6ra%e heads have been at

Furthernore, the anplified force resulting from pulsing of the spindle

nmotor is only int he’eﬂlqﬂe@G disk sarfaces.s |Asrexplained in the Background efthgiInyention
B(ragtg/e(rjleftlég i.e., the sotnf ct [ ontxﬁo?lggﬁﬁ‘g@’ﬁ’miw*m %mt‘g%gf’ g‘t in a
direction other tharditeotionii By @pplying forcesalteiatively do yasions. diSctions arbund the
poove mechod of Pl Sl Sy e B GRS FRLTE Al o,
force may be ineffi (ﬂmﬁérymchvhlelcktﬁdion is at its minimum, Uponami't—upmf thetdiskedrive, if
suf ficlent to break i eo R deody S chinet virdns tls il G k2 at the headdisk
10 mterfaoe 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
15 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.
20 This phase lag will result in the resultant 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
25 generated by pulsing the'motor at several predetermined frequencies which
correspond to the resonant frequencxes of one head being stuck, two heads being
stuck, etc. and by sunultaneously pulsing the actuator at the same frequenctes as
the motor.
Firmware accordmg to an exemplary embodiment of the present invention
30 is 1mplemented m a retry mode, i ie., when 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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It is therefore an advantage of the present invention to provide a system
for overcom ng stiction at the head/disk interface upon start-up of a disk

arrve. et St g—prosoNt
invention to pul se the spindle 20 not or and the actuator.
simul taneously at a sanme frequency but with a phase | ag to
br eak fr&s &?3 heads fromthe disk surface by generating resultant forces.
t hat 9621927 continuously change in the angul J¥FCHPPMBY, so as to
overcone stiction in the . : direction of |east resistance.

It is a still furfhemveldmmxag@we @tphl;ﬂdemﬂnrefemrtmthml’igulqsun se the

spi ndl e 25 - notor and the actuator sinmultaneously at different
frequenci es P'o teak free t he : heads fromthe di sk surface

by generating resBigamnlk 1sfa)perqmcﬂ\teahewmuldiukalrbje)accoxdmg to the present change in
t he angul ar dquctlon S0 as to overcone stiction in the direction of |east
resi st ance. It is another advantage of the present

i dvention to pul sRighiee i3pi seématicieprescafation of the printed cift HoaRl e tuat or

si mul t aneous r ar e o redet erm ned resonant
frequenci es %MWS@M S‘B@%W%ads free regardl ess of how

many | anurebeﬁCiSﬂ&i &aﬁﬁhﬁéﬂ the fﬁh%.{‘e dcRoldiifp B'tﬁ&p:%wr& aces.
invention;
Figure 4 isa xepresentauon of pulsing to the motor and the actuator;
10 | Figure 5 is a graph of force vectors created at the head/disk interface

according to the present mventlon, and
| Figure 6 is a graph of force’ vectors created at the head/dlsk mterface
according to an alternative etnbodunent of the present invention.

15 ' 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 various desrgns and sizes. Moreover, it is understood that the
20 function and results of the firmware in the present mvenuon may be implemented
| by means other than firmware nesrdent ina read only memory. - For example, as
is known in the art, the advantages of the present invention may be accomplished
by down loading softwane from a dxsk or a dynamrc memory source such as a
random access memory resrdent within the host computer Additionally, as is
25 further known in the art, :t 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
30° 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'uiries'a transducer 25 mounted to a slider 26. The slider
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PCT/ US96/ 00134 These and ot her advantages are
acconplished by the present invention ~ which relates to a
disk drive including firmvare for breaking free the heads of

the disk drive which may adherie to the disk surfades after the heads have

been at WO09621927 rest on the disk surfaces. As expl ai NRCEVIINHI4
Background of the Invention 5 section, stiction in one
direction nmay be snpglofeadhitivad 244-k s ﬁrhxhﬂs@ﬁ@ﬁtéiﬁin actuator arms 28a-h. Transducer

di rection. By appl y| ng forces alter nat | veI vari ous directi o around

t he 25 maydrech equventiopgh 1&@@“" Hé“ﬂﬁ%iﬂ%e ) OF 1} B% rf'?‘é"@ from

t he di sk surfaces | ‘%Mﬂ‘{gﬂm aeﬁgﬁtctgémﬁsr at
its mnimum Upon stg'grt up O{nah?gadna?ﬂ&-ﬁe\ﬁligﬁ ¢
avai | abl e notor t or ames 28anate providesioepivat aramd pin 36, by yeise cail mater %a&sdﬁi sk

10 s T g Rl O Suhfl Splion br VR aNeH s GRS Fhiiod e

to the spindle noto dctua
rapidly fluctuated spmdis niaporc28uamil d@ctuator i |angs 284-h pivot odad/write heads 24a-h acrosstthe:

spi ndl e not or and/or he. u

alternatively rka &Cﬁ, %“S%ﬁ%ﬁ'éf ?#" t’ﬁ%&%ﬂ#ﬁ% tpﬁgr g{:véntﬁ?e%ds
pl Iural i tyhof di rglc't QWIiaﬁdﬂw‘tﬂd sHﬁUﬁa-dma plurality ofconcenh&adtdtm&st rRetaticrcef thy
pul sing the spindle nptor and the to atasa

frequency but with $iskheause p gushign ‘?fgﬁ"l‘? ; qﬁ&%‘“@fs ‘tf;%ﬁ'édrﬁ'ﬁsﬂﬁfm"f

resul tanjg the disks, sucf't8 $he wm iy hBove Phe Slirfads bf tHRSdidle dufing
pul se the spindle mtor and the actuator si mul t aneousl y

the resonant frequenpsratign ofithe disk drives Fbe sliders 26 carsy Hhei respegtive read/write heads "
frequencies are cl °§Eaf1° the resonant frequencies of the notor or the
actuator, the forced vibration at these frequencies wll

have a certain amount oprIshmminaE}gsZOandZ the disk dﬂve‘mﬁmﬂpﬂna&udeagndm&d
result in the result.ant or t.the. head/
oa.rcf fﬁ!ﬂ 34 hav mgetﬁe d%a%mnsf% r&ggﬂiaér}?&fc’r éctﬁu rthe

plurality of di rectF ncy of
the actumg or has veﬂﬂvayeakmﬁsﬁmmimﬁeseﬂpmmed on the PCB 34 for sendingdatd@qdad

T eauency of the spliidReeIBE dhis axd GRBHGn fome Lyl 2ach Piadhs DeE 4nhand
are 25 _ tiR e/ iR cdatrolet 36. "ohe h&r@iﬁéﬂ’sso&t%&ﬁuﬁéﬁimﬁﬂﬁbi@ﬁmwed
frequenci es which 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.
20 _ Slmﬂarly, the mlcroprocessor 35 prov1des a signal to the actuator controller 40,
which in tumn supplies a voltage to winding terminals of the voice coil motor 32
to thereby control the axial position of the actuator arms 28a-h and the heads
24a-h with respect to diéks 22a-d. As is l'mown in the art, the PCB 34 further
mcludes a read-only memory (ROM) clnp 42 coupled to the microprocessor 35
25 for stonng a control program for 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;cmative embodiment, the landing zone may
30 be located at an outer 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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correspond to the resonant frequencies of one head being stuck, two heads

bei ng stuck, etc. and by sinultaneously pulsing the
mmo tﬁl‘lc pheames :
Firmvare according to an exenpl ary enbodi nent of the present invention 30
S inplenented inaretry node, i.e., when an attenpt has been made to
start rotation of the disks but stiction has prevented disk
ot at i oN@9621927. BRI EF DESW"&K?‘G: THE
DRAW NGS -4-

WO 96/ 21927 Invention sectlon pmlonged contact between the heads and disks dunng non-

PCT/ US96/ 001 refm ‘Period: ?fot.hF anﬁmga result if Riehl SHAEOH ho&evﬁrln\oﬂemlkf

expl ai ned wi res in

Figure 1 is headﬁiskﬁnteﬂ'aces. \Incrdeefto aveltone dlelstienundbmeslmgratdretdmkspresent
a schenntj c tepr.esentati on

i nventi on,;
of the pri ntw st apd ﬂﬁm %ﬂﬁ?@ﬂgﬁ’e%‘&s the Proscnt invetion, NGIudes & s on) y
agcor di ng t Ostictién fleasestodei 88\pARIOf @B drive firmware for pulsing the spindle fib@Hre 3 is a

oW 1 80T &1 or'the voics &Yl‘%ﬁmﬁ%ﬁé’{f}aﬁ% of disciets froquencies. The sticton
. release code is executed in a' "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 stan-up of the
10 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

15 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
20 * 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 effectrvely amplrﬁed For the heads 24a-h which are

25 stuck to the respeetnve surfaces of disks 22a-d, amphﬁcauon of the spmdle motor
power output will create a large shear stmess 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 landmg zone, it is
possible that only some of the heads have adhered to the surface of the disks,

30 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 frequency at whrch resonance occurs for the spindle motor is
dependent on several drive characteristics, including the moment of inertia of the

-



I nventi on; Figure 4 is a representation of

pul sing to the notor and the actuator 10 -Figure 5is a
graph of force vectors created at the head/di sk |nterface
according to the present invention; and Figure 6 is

a graph of force-vectors created at the head/ di sk |nterface
according to anwaldseisnati ve enbodi ment of the present inventi o®CT/US69134
DETAI LED DESCRI PTI ON The -invention will now be

described with ref er&ﬁl?ﬁac’kq’nﬁg n%u‘lfhve"i‘ﬂh&s‘i\w force of each of the stuck Mesisabgetiier.
c

general to a disk drive in | rmwar e for overcom ng stiction upon ,

start-up of a di sk dAssuch, mwmmmfphmew@lepme@ém VAD,

operat e nidfly Gisks P, ﬂﬂ”ﬁhégﬁn_
Mor eover , |t i s under svf maﬁﬂr%ﬁu{iﬁd%a\’f&e% k‘?ﬁ’?ltc(fl on ana&r esults ofup
the firmwvare in the sequence of thevdrivei ok diskydrive havipg.cfoe example, eight heads will — py

th th f d F
' Known n (o art PRBALE e b el R A op BRI, Vi ME nBbafE isquetly
acconpl i shed at any given tinye bliwgdéterntinsiobysth tactaa brdmbemof hdatkls;uckrto the

dynam c nmenory sourc suc as, a random access
resident. wi thin the r Wheggy for; mpﬁeym%amé e““mberngqdﬁlﬁPﬁlér

known in the art, |tm|t§ea{gg§3rt§éﬁ@5ha§, ﬁ&?dehéy tvgpsé mveryjugﬁasmmeemé}y,thmre

firmvare according to t he present i nven

I Qn' may H‘gﬁﬁemsnt ed b¥l§ﬂ -
har dwi ri ng | thére are aismall nusberpf ﬁ‘ﬁt’%s'ﬂ%mﬁf phe resgpant Treapency wi
wthin t host corrp%t Referring nowto Fig. 1,
there i sr‘?hovm a di %Iil veyé?) I ncluding a plurality of
storage di sks 22a-d and &Therefors) me;pmntmmmlcpmmmmihemd gotor

o 1S POV A% ek R b g ohifielf Yl 3 e SF s o

| ess than the above- frequencles of the spindle diatar cosrespondingeto ldieadlsmlck A headsstudk, i n
al ternative enbodi nents.

[ it
a transducer 25 mounfeUP4o yg‘?f’ﬂé‘?“dﬁﬁheﬁ\g %‘W‘GZH e 'GenbE S Reaaf e o
15 . 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 differing numbers of -
20 . stuck heads. |
The present invention further- conteniplai,es applying a force a; 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 one direction niay be smaller than stiction in another
25 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 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
30 and to the actuator may be rapidly fluctuated so as to cause fretting motions of
the spindie motor and the _a;:tuatdr. 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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WD 96/ 21927

PCT/ US96/ 00134 26 of each head 24a-h is in turn supported
on actuator arns 2ga-m TransoueeT 2ot

I nductive transducing elenent, or in an alternative

enbodi ment, nay be a magneto-resistive (MR) transducing el enment. Actuator
arns 283“;& rovided to pivot around pin 30 by voice_coil nptor 32. As
is 5 2ot known in the art, during operation ofCTE@e 20,

di sks 22a-d are ratated by . spindle nmotor 29 and actuator
arms 28a- h piof dhkis ferse will quy snéaa@btzawli«vda@wbmwafdxmons around the surfaces

of the disks 5‘25%‘%3( an be transferred between the read/wite heads
24ahandthegaﬁﬁ a-d.in a plurality of concentric data tracks.
Rotation of the The resultant forces caditelaltemativaly gerewutidd arthe hedd/diskl t o form

e heade 2 ke in 30180y 4t Sliehd 4Rl s headigi e Pl ™" 1"

op®ration of sp:hdiedmar ghdi the actldior &l sdmsnﬂﬁmrtmv withé pmmgtdf\eazr ead/wite
heads - shown in Figs. 1 and

2, the disk M&!ﬁ”ﬁ&ﬂ?&“ﬂ&ﬁﬁﬂﬂ%@%ﬁ%&&mﬁtyofdlrecuons isto cjrcuit
board (PCB) pdistthéi spindie\RotdRheiti the ABGADF siftiltanconkly at b f Waé‘q?eﬁ the 15
or sendi

drive. *A mcr Rleocessor 35 i.s provided on the P ata to,

and Jedpotprc Ui the myfsiaa feequensios aroslse todhe rasomat ( he di sk
22a-d via t hireRAERs éf'the MmdASbor thie actuator, the fomdtﬁ@aﬁ&?g{metﬁeqﬁgﬁgl&m er 36.

The m croproceSsor 35 further provides a si
s ndie mot owdkbauermmwunmfpme lag: UFhis pll;spllagawllhresuitixa@e to the stator
of

t, 29 to her.eb ontrol the rotational
speed of themirr'%)l orf&%ﬁm"%&d@ tl'ffal"tytf}elf‘ﬁm%r ocessor 35

provides a signal to the act uat or control I er 40,

The followmg are examples of pulsmg sequences according the present
invention: "
15
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 ﬂequency of the spmdle motor or the actuator, the fretting motion of
20 the disks 22 i 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 cosficoswt | @
y = Bsinwr + Asinfcoswr . @
25 | where 0 is the skew angle of the heads 24 relative to the radial duectxon, wis the

pulsmg fxequency, tis the tune, 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:



which in turn supplies a voltage to wnding termnals of the voice coil
nmot or 32 ' to thereby control the axial position of the
actuator arnms 28a-h and the heads - o 24a-h with respect to

di sks 22a-d. As is known in. the art, the PCB 34 futher

i ncludes a read-only nenory (ROM chip 42 coupledi o the m croprocessor 35

25 - WO628920r i ng a control program for the disk dri PETESIOPRS
firmvare according to the present invention is part of the
control program and is resident in ROM 42. Duri n‘g_)

spi n-down of the disks 22a-d upon shut - ddfan®d¥ $9#€Co8Hl ndl e not or
of the disk drive, the heads 24a-h are pivoted to a | anding zone 58 at the

i nner di ameter of the disks 22a-d. In an alternative

enbodi ment, the | anding zone may 30 be | ocated at an outer

di ameter | anding zone 60. Once the angul o] OGi 1 t

di sks 22a-d has slowed sufficiently, rhfgyneay{wBegnggpzﬁﬁ‘ ??ﬁ‘é’ on the | andi ng
zone 58 or 60, and remain in contact with a section of the
| andi ng zone until the next : subsequent start-up of the disk

fjgi_ve. As expl ai neq &g‘bté@?ﬂ;;%ﬁ%%?w&)l he

PCT/ US96/ 00134 . | nvention section, prolonged ‘cont act
bet ween the heads and di sks during non- oper ati onal
periods of the drive may[resullzi nEhi Tz stiction at one or nore of the

head/ di sk interfaces. |nf olRjer tg {9_ co;ni_ Ehri‘ésénln t|0] forzzesinio t hat t(f%

di sks 53 cosw!| + =_. sinfsinwicoswt

B

kAcos0

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
10 ' each other. For the resultant force being 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.

15 Example 2: N
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 cosfcoswt : (6)
20

F,, = kB sin(wt + ¢) + kA sinfcoswr )]



may rotate and the heads may fly over the disks, the present invention

I ncl udes a 5 ' stiction rel ease code as part of the drive -

. y -Lr:lc op; FId:T aasames *a1l#'e*-+h'e#e‘i"ee_~
coil notor over a range of discrete frequencies. The stiction

rel ease code is executed in a "retry node"; nanely, when an attenpt has
been - made to start rotation of the disk but stiction has
prevent B@ 28927 ot ati on. The sticti onPCA[USHN0M, e nay
alternatively be executed upon each start-up of the 10 drive
20. combining equations (6) akd (Fhown in Fig. 3, the firmvare according to
the present invention first checks feedback singles from
the spindle notor to see if an error in the nornal

start-up sequence of the disk drive has occurred. If an error occurs, the
firmvare checks whether the error is related to a stiction event, as for
exanpl e 15 2 en tgé conmut ati @n count is smal | er than or equal

_ 2 25t ATsiMOr o 24980 | t he pul si ng
sequence Wi || pkddosd | i at ¢@Bedsipdr a short 4 fagy&(‘%%zmsz@ Bcosg
m | liseconds, Tor exgnpl )Zﬂul ul sing the spindle nmotor and the
actuator, the + cos2w:6[tan¢ + —Ms should be free fromthe di i&’ surf aces,
and the new trial wlll be ma spi n-up the sks 22. |If

atrial of the stiction release code failed to break free the 20.
heads fromthe di sk surfaces, the stiction rel ease code-wuld be executed

up to, where ¢ is the phast ghifieduentpithe foh€edt vibmtiothatf the reqency close thoses an

5 The' Cor BB EAREy of the sl o g o Bk e Yhublf V) | 20°
spi ndl e not gf thelrBilthR fofce GRRATLY latioh (8 & dnpelligles SiRdeOthe 3pindiealiotprll se i s

positively reenforced and effectively anplified. For the_heads 24a-h which
are 25 is pulsed at the;fyrguency qloge to gheesqnantfrequency, ag aﬁ'ﬂ’ﬁﬁf"g M?ﬁ?d

to 3. If the efrdi | i.ngle 1 3

anpl i ficatigg a{a&aﬁa%néﬁﬁdm‘ difiOfpférface in the direction of th® iR rodiémUButvi | | create
a |l arge shear gstress at the hea%’%{ag?(u} n?er_f agg whi ch

stress wil | thedmttingsmptionef the actyatar with acphass lag il gruse the, resultant

wever, wh ﬁ]@?dm% %ﬁ i ' ggﬂ;s'gle : ' ot 1S
ig‘(;ssi bl e thga?" onl sorre%ogpﬁfg-ﬁe -ea%é ”ﬁ@gte“,a er.egﬁfag\g?&goéﬁpfﬁgtcﬂee of the
di sks, 30 direction of resultank forcescirt folldwingi thercantounof ellipyes forsdifferentip of t he
di sk drive, h{i}%r fpore, it is not - = known how many of the
heads are i ct 'Stuck to the surfaces of the disks.
The frequency at which resonance occurs for the spindle notor is

Example 3: -
15 Both the motor and the actuator are pulsed at w;, &y, @3, ... 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 frequencies of the sﬁindle'moto; correéponding to one head, two heads,
three heads:, etc., being stﬁck_ to the disk surfaces. Thcse frequencies can be
20 predetermined by experimental measurements. Fora 3% inch form factor disk
| drive, for example, the resonant frequencies rﬁngé 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 resuitant forces in all the directions. Since the frequencies, «;, w,,
25 w3, Hz, are resonant ﬁecjﬁenéies of fhe 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

-11-



dependent on several drive characteristics, including the nonent of inertia

of the . -7-

WO'96/ 21927 S . N L

PCT/ US96/ 00134 _ di sk pack and the.cunul ative adhesive force
of each of the stuck heads together. & As such, the resonant
frequenci es forwosermayndl e motor will vary depending on PCT/US96/00134
how many of the heads 24a-h are actually stuck to disks 22a-d upon the
start-up sksurffc@ﬂﬂﬁﬂﬁﬁ ePficiéri Svagre %vaedleﬁ Isbws thafly hegls age/ siack tof the
exanpl e, eight heads w | ntially have ei ght different

r esonant frequenmeélSkﬂlfwei he resonant frequency at any

given time being determned by the actual nunber of heads stuck to the
disks at that tinme. Wiere, for exanple, there are a | arge nunber. of heads
stuck _ Ecammleﬂhe di sks, the resonant frequency wll be

rel atively high. Conver '§,m;u @-H&per
of heads %/t uck to the dls'%é/ %?gﬁ‘g?grﬁﬁil%%’{fu‘gﬁgf,&%sfﬁﬁ%&% be
relatively |ow. the forces generated from-the reTitmeicmm ,of ttheedigksc22>and the\heardsi 2hin
cont enpl ates pul sing t ndle of Or 29 over a range of

di screte frequenci eg %‘@%C €' B¥es at |east resonant

frequenci es of the splndle not or correspondlng to 1 head stuck, 2 heads

st uck, . etc., up to N heads stuck, where N equals the total
nunmber of heads in the disk 15 .arédgpcosgﬁch of the resonant (9)
frequenci es corresponding to differing nd‘nbers of

Fy = kB cosw, + kA sinfcosw,t (10)
10
combining equations (9) and (10):
F NEA an
. . 2
' 7547:;_35' o+ [_k%] = cosZwyt + (coswyr + A/Bsinficoswyi)
15 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.
20 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.

-12-



stuck heads may be experinentally determned for a particular disk drive.
Al ternatively, the range of frequencies nmay include discrete frequency -

TTCTeTETTS t hat--are sufficient

include at |east the appr OXTh!aSlEetHasBeenR laced resonant frequencies for
the spindl e notor correspondl ﬂ!ﬂ,’"‘”ﬂm g nunbers of 20

stuck heads. sent I nvention further

cont erp™R%219% 5| vi ng a force at - hEEHFIMN0Hn ¢ o f ace,

which force may .be applied.in a plurality of dlrectlons :
around the hWEICHAIM:i nterface. As explained in the Background of the

than stioti ohr | n E9Tah 49 e Combidifs b Ytraed ffCoVg "G RO B o0 '

al ternat i vel hundig i, \pindiermotoi f5?Tomting Bdragh sk, a head for transfemdgead/dl sk
interface, t ea broken free from ur i.n the
di rection HfE‘Wn‘“c’H'% M‘?Q“Q‘PWWM ya%ﬂ a@t‘éﬂ“’ﬁ%‘ e di sk
drive. if apenodofopemuonbhmemd:ﬁblﬁdrm&im&%auﬁdﬁgmd £one the
stiction force at the head/ di sk ~ interface_and fails to

spi n-up t he Rerigd of npprepartion of; the disk dzive, and anractusfar far eontegllahly 30 o
ot ons of  ositohil tHeall e pSAEAN iyt phGG oF ol BchRBAGCLEN 11D
mot i on of bdracks and Spilanding zone, a method for overcoming stiction tietwesn theshead results a
o e, gene o i 30 8 il FERF e il apon o e i, 75,
- 8- 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 ) )




WO 96/ 21927
PCT/ US96/ 00134 of this force W II vary so as to be

applied in a plurality of dlrectTh oo
head/ di sk i nterface(s). II The resul t ant forces can
be alternatively generated at the ‘interface in

a plurality of wowsaei92ens around the head/ di sk |nterface by pulPECTAI§I&08834
5 spindle notor and the actuator at ‘a sanme frequency but with

a phase lag of [errls/ 2. The method of claim 1, whe P IHR FirstoquehcyIRfiels 3he segond
resultant forces in the plurality directions is to

pul se the spindle nﬁ@ﬂ“el’ﬁhdwhlﬁbfﬁﬁlmbﬁ & Value apprexmately equal 102 FeSQRAT Nt
frequency freq nc oft&fsgﬁﬁﬁﬁ%flgtﬁcdm&m I f the pul sing

frequenci es are cl ose he reSonant frequenci es of the
notor or the actuator, the forced vi bratlon at these frequencies 10

w |l have a certain amu%egﬁr&g%gi é} Enﬂpﬁ‘ dka@h%kﬂoﬁhéﬁééﬁnﬁ in the

resultant forces at the hea ace 1'n a plural I rections.

The follow ng are efrequney mdutpﬂbhmgehﬁwmnheﬁrﬂ(fmqumcmg t he present
I nvention: 15 Exampl e 1: : Bot h
the notor ‘and the actuator are pulsed at [err] Hz, while the pulse to the

actuator has a phasg.| agThé niethodlof &lairh 6, mretﬂﬂmmyl fedquéryril obzof phabear

away fromthe - resonant fre of he spindl e notor or
the actuator, - the f@?@?%%f%mp“%by apeﬂox? o 72ae disks 22 in the

circum‘erentlal di recti on, ‘(Fig. 4) and the frettlng noti on

of the act uator in the radl aI direction, X, can be described as foll ows:
[err] = A cos[err]c@s[er Fprusemadxskdrive comprising B) 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 plurality of actuators, each one of the actuators
for controllably posmomng 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\tiding 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 the spindle motor at each of a first preselected set of
frequencies to appty' a force that frets the motion of the storage disk in the
circumferential dnrectlon, |

ii) pulse the actuators at each of a second preselected set of
frequencies to apply a 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

e

R R
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y = Bsin[err] + Asin[err]cosfer} (2) 25
where [err] is the skew angle of the heads 24 relative to the radi al

This Sheet Has Been ng *Feq”eps!‘. t s the ti IQJ.E' A

orreTtToNT—eTr e —t———
and B are the anplified consgj Hmnﬂﬂ} spi ndl e notor and
the actuator, respectively rated fromthe

relative notion of the disks 22 and the heads 24 in x and y directions are
gi ven WO96121927 by: S PCT/US96/00134

- 0- - WD 96/ 21927 ‘
PCT/ US96/ 00 Xadse a resulting force acting upon the head at the contact between the head anfler r |

i EPH gyt %mem]mm direidn and foglpdes 2

direction of least stiction between the head and the landmg zone.

9. The method of cla:m 8 wherem the ﬁrst preseleeted set of frequencies
includes a frequency correspondmg to the resonant frequency of the spindle
motor when oneoftheheadstsheldby sttcttontottsrespecttve 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_uenctes_ equal to the number of l_teads in the plurality of
heads.

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

a spindle motor responstve to control stgnals, for rotatmg storage disk;

a head for transfemng data to and from the data tracks and arranged to
fly above the data tracks dunng a penod of operatton of the disk drive and to
contact the landing zone dunng a penod of non-opemtton of the disk drive;

an actuator xesponstve to control stgnals to controllably posmon the head -
at pxesclected radtal posmons of the dtsk mcludmg the data tracks and the

| landmgzone,and - __ .

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

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

if) pulse the actuator ata second preselected frequency to apply a
force that frets the motton of the actuator in the radial du'ectton, 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

15 JLE R
* [ L M s *




'31'4’;

conbi ni ng equations (3) and (4): errl where k is
stiffness of the head/disk |nterface it s, apparent that the contour of
the resultant force given b asHas BpeniReplaad €| li pse. Figure 5 shows
i ndeed ~ t hat the esultant force is foll ow ng
the contour of an ellipse for a skew angl e of 10 degrees
and where the amopes212d constants. A an are equal to 10 /0896/00334C h

other. For the resultant force being generated through 360[err] around t he

ellipse, the pul singreghericyang e sébsnd Rbdgiency i otrhsfptgwm\reitatﬁ@ﬂtsted for

2[err]/[err] seconds. For exanpl e; 209 seconds are needed
for the pul sing fredf@HeNEYof 30 Hz and about 63
mlliseconds .are needed for the pul si ng frequency of 100 Hz. 15

Exanpl e 2: Both the nmotor and the actuator are pul sed

at [err] Hz, while tle pl'ﬂhgdwkd’rt\'h@f claim 11, wherein the sepond freguensy ds autfphase

:‘?gqafengzsr (r)% / t2he splt'gg?‘f""'r6 fﬁéu&lﬁrbbfagrﬁgfgg egener é‘?’édt P(raontetsﬁgaptel ative '

noti on of the disks 22 and the heads 24 in x and y directions are given by:

Flerr] =kA cosferr] SOS[ %E]dlsk drive of claim 10, Wharem thgarst frequency equals the second
frequency, which frequency has a value substanually uneqnal 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 ﬁ'eqﬁency.

16.  The disk drive of claim 15, wherein 'the 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 heads, each 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 boéitioning a‘i tespective 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

[



20 Frerr] =kB sin([err] + [err]) + KA

sin[err]cos|[err] en Replaced:-
—10* prace
PCT/ US96/ 00134 W mlml 9 equations (6) and (7): [err]

PCT/US96/00134

WO 9621927
control electromcs opemung durmg a transmon from non-opcratron to
operation of the disk drive, to generate the control signals to:
i) pulse the sprndle motor at each of a first preselected set of
frequencres to apply a force that frets the motxon of the storage disk in the

circumferential direct:on, L _
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.

18.  The disk drive of claim 17, wherein the first preselected set of
frequencies mcludes 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 respectwe landmg zones, and
50 on up to a number of frequencres equal 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
amphfy 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 suetron 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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V\/nére [err] is the phase shift due—to-theforced vibration at the frequency

close to 5 t he resonaﬂgssfhgeggg%&yke cghe spindle motor. It is
apparent also that the contour - he resultant force given
by equation (8) is an ellipse. Si nctlll rmt or IS
pul sed at the frequency close to th uency, an anplified force
will WO 96/219%% gener ated at the head/dl sk interface iPCHRW6/00134
direction of the disk rotation. But the fretting notion of

the actuator with a2PhaSB|§wkﬂh{réu@ﬁld&%dﬂé%ﬂmu'hhﬁstfoﬂﬁansfemngdmm and
(anplified) force to chanﬂe directions, al ongl&an el” pse ﬂg e‘BGﬁ rfgo‘ﬁﬁﬁ
that the from a plyrality. of disksy and @ spinlig oty far dotating. the pivralify

contour of- el |'i pses, fpinddl fof 60¢E5min stxctxon between the Mﬁ! oo heads and the
Example 3: 15 F he notor and the actuator are pul sed

at [err],[err], [ err plurality ofisks, compnsmg the step ofmﬂwpgpmgle, IOtGr PY&S A Hapge

order, while the puls &%&Wﬁm{f‘ﬂ ﬁ"“ﬂm cluding at least
[err]/2 but at the saﬁE requency Ifgﬁe uencl-es o eérnres err gm[bgrr] .

.. Hz are the approximate resanestcfreruendiescofitbe spindle fotorrwith; panions aumbersrof
corresponding to on ead hea oo three heads, etc.,
being stuck to the Hﬂ%%&?&%fgmﬁuenci es can be 20

pr edet er mi ned by experi ment al neasurenments. For a 3 inch formfactor disk

drive, for exarrple eson e ncies yapnge f,rom 50 Hz to 40Q Hz,
whi l & ROBRR AF CIBHR GhcKBsrel oF NENOIB PSS S eplioRuck

hi gher, around 2 kHzaneémﬁ]%GN where N equals the totd] fubibeF¥PREIE in’the rié Bt Aibret
the discrete frequencies w il have the sane effect in

generating resultanhe®®rces in all the directions. Since the frequencies,
[err] [err] 25 [err] Hz, are resonant frequencies of the

spi ndl e notor corresponding to one head, two heads, three
heads, etc., being 23uckThomethed of shmﬂifubwm puising of saichspindle motor occurs at

essential |y issues a %&r%%ﬁfﬁuﬁ%dt&% @&f‘g{j%ﬂ%ﬁ&@ thin P k&, (S0RE).

fromthe

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

puised.

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

* C L M ) *
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PCT/ US96/ 00134 di sk surfaces In nost effici ent way

re stuck to ‘the - gsh—st-Faces:
Exanpl e 4: This S ¢en Replas ecpul sed at [err] Hz and the
actuator is puI sed at [err] Hful u BIZII the forces generated
fromth ative notion of t the heads 24 | n
x and y ?@P Yons are gi ven FCTnisse01ss
Flerr] = kA cos[err]cos[err] : :
Flerr] = kB usq,@pmpnsmskA : sm[err]cos[err] (10) 10

a housing; | -

~ ahead and disk assembly, mcludmg
' the at least one stoxage disk within said housing for storing
data the at least one storage disk includmg a landing zone;
mtatmg 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 bearmg means on whlch the plumhty 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
| controlling 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 including at least 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.

27.  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 saxd housmg for posmoning the plurality of
heads with respect to the at least one storage disk; and
" wherein said conitrol means further includes second pulsing means
for pulsing said actuator meens, said second pulsing means provided to
free said bearmg means from said landing zone on each of the at least one
suu-age disks upon start—up of the disk drive.

R[]I 1E



cohbining equations (9) and (10): [err] 15 ] The cont our
of X . :

resultant force through 360 around an ellipse, with the anplitude of the
resultant forces changing with tine. Al t hough the

I nventi on has been described in detail herein, it should be _

under st ood We621122 i nvention is not linited to the enbodi MEFUSIHMIES

di scl osed. 20 Vari ous changes, substitutions and nodifications
may be nmade thereto by those skilled in the art wthout

departing fromthe spirit or scope of tjgginvention as
descri bed and defined by the appended cl ai ns.
-12- '
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WO 96/ 21927 VE CLAI M 1. For use in a disk drive conprising a

storage disk having data tracks and a o | AN0l 00l st -0
for routing storage disk, a head for transferring data to and fromthe -
data tracks and arranged to fl'y above the data tracks during a period
of operation of the disk drive and to contact the | anding zone during a
peri od of rwoegpeemtion of the disk drive, and an act uat BETA§6/00134
control |l ably positioning the head at presel ected radial positions of
t he di sk including the data tracks and the | anding zone, a nethod for
overcom ng stiction between the head 2/8 and the |anding zone upon
transition from non-operation to operation of the disk drive,
conprising the steps of: provi ding control electronics to
control operati -1 -t he actuat or by '
transmtting cgntrol signals; and operating the control

el ectronics, dyring tranS|t|on frontnon operatl nto operation of the
di sk drive, to|generpms ¢ : i) pul se the
spindle notor &t a flirst preselected frequency tlo apply a force that
frets the noti ¢n of jthe storaggedisk in the ¢irqunferential direction,

i) pul se th¢ actuator at a second presel e¢ted frequency to apply a

not i on of the actu ¥or ifn tlhe radial direction, and

[ - 1ot or] and the actuator to

'ng upon the h-ad at [t he contact between-the
head and he | apdi ®aM zofre juous! yf changes angul ar direction
and includes a 42

MOTOR
CTL

ACT
CTL

PCB

This Sheet Has Bee
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diTection of |east stiction between the head and the | anding zone.
5 The C : : . oo

f rrequency

frequency. 3. The met hod of claim2, wherein the second frequency
I's out of phase relative to the first frequency by a period equal to
[err]/2. WoO96r1927 The method of claim 1, wherein the fRGI&SIAWM ency
equal s the second frequency, which frequency has a val ue substantially
unequal to a resonant frequency of the spindle notor or actuator.

-13- WD 96/ 21927 3/5

PCT/ US96/ 00134 5. The net

frequency equal s the second f
approximately equal to a resonant

og—efqclaim1l, wherein the first
y, whi ch frequency has a val ue

| Power on Motor |«
No
| Continue
Start-up
'| Post error
" No
Commutation < 3
- _ -
" Power off
_Delay 50 ms
Pulsing motor
actuator for 1 s
n=n+l

FIG. 3
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frequency of the spindle notor or actuator. 6. The net hod of

ei ther ang-afeglaios 4 and 5 _wborein the secaond Lreguency is out of
phase relative to the first frequency. 7. The nethod of claim®6
wherein the second frequency is out of phase relative to the first
frequency by a period equal to [err]/2. 8. For use in a disk
drive conprwoiseea? st ack of storage disks, each having PCTAR%6001dacks

and a landing zone, a spindle notor for rotating the stack of storage

di sks, a plurality of heads, each one of the heads for transferring data to
and fromthe data tracks of a resg;gtive one of the stack of storage
di sks and arranged to fly above the“respective data tracks during a
peri od of operation of the disk drive and to contact the respective

| andi ng zone during a period of non- operation of the disk drive, and
a plurality of actuators, each one of the actuators for controllably
positioning a respective one of the plurality of heads at presel ected
radi al positions of the disk corresponding to the respective one of the
heads including the data tracks and the | anding zone, a nethod for

over com ng stiction between the heads and the | anding zones upon
transition from non- operation to operation of the disk drive,
conprising the steps of: provi ding control electronics to
control operation of the spindle not or and t he actuators by

transmtting control signals; apd- -
el ectronics, during transitig fronlnoéﬂbperatl
di sk drive, to generate cprtrol signals to:
spindle notor at each of/a first presel ected set of
apply a force that frefs the notion of the storage disk

operating the control

' operation of the
i) pul se the
frequencies to
\n the

FIG. 4
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circunferential direction, 1) pul se the actuators at each
of * awsecand.preseleocted sot _of frequencies to gonly a force fhat
frets the notion of the actuator in the radial direction, and

i) coordi nate the pulsing of the spindle notor and the actuators to
-14- WO 96/ 21927

PCT/ US96/ 00We496/21927 cause a resulting force acting upon PREUSMWIMt t he

contact between the head and t he | andi ng zone that continuously
changes angul ar direction and includes a direction of |east stiction
bet ween the head and the landing zone. g,g 9. The net hod of claim8,
wherein the first preseliéted_set of frequencies I ncl udes a frequency
correspondi ng to the r n r E "OI[ L Me not or when
one of the heads is held{y- stiction to its zone, a
frequency correspondi ng ~l he spi ndl e notor when
two of the heads are hel I cti ' ' I ng zones,
and so on up to a 0@ er of heads
in the plurality of
Y ]
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heads.

respons

and to

10.

A disk drive conprisi
haying data tracks and _a landi ng_zane,-

a storage disk

rt??og)b‘(g_s.p.l_ndL& ot or

ive to control signals, for rotating storage disk; a
head for transferring data to and fromthe data tracks and arr ~,~,.-;; to
fly above the data tracks durlng a perlod of . operation of thef§ ”T*" drive

corP@T t he | anwongy T3 OREANIZETIONO f non- XAt i on of

k drive; an actu nsive to control SI als to

the dis

cont r ol | aNFERISATIONAR APREICATION PUBUSEED ER

PATENE GORPERAHION

di sk i @ammmmwm and the [ (an) mebrddska WM mdas wo 96m927
cont+ ol ?ﬁ_ﬁy §i540perat| ng during ﬂlﬂ ransition fromnon-operation to
operatlon 0 k drive, to genef at ¢@8)iinternatiopnl RyblicationPatet 5 o:18 July 1996 (18.07.96)
i) quUTSe tThe sprnole Notor_at a 117st Ppresel ected Trequency To~apply a
force t]iyIngmetionsl Application Nomher: of ¢ PEVUSISOPIAHEER %%?';? YL fpean paent
di rectijes, hmmmml 1) 4JeinSBosiLp| uat . SB). secoh “pr eselect %
frequercy to apply a force that fretfs the notion of the actuator in
t he rac dir i on, and i di nate the pul sing of the
spi ndl g Em the BGdnbby 1605 (0b.61 95) imévhbsibrial Mehrch acting upon
t he hegd at the contact between the head nd With amerdedxignandi ng zone t hat
continL N M (gl lrection of
on of the amende
Ceast {1t At cpEn AR T AL e T 6 50
drive cf cIa|m10 wherein the first freguency equals the secon
-15- (72) Inventors: LEE. Jia-Kuen, Jemry; 1398 Sajak Avenue, San
: Jose, CA 95131 (US). TIAN, Henry; 1356 Lassen Avenus,
Milpitas, CA 95035 (US). SMALLEN, Martin; Route 1,
Box 151, hHondaE:CA 9smomsz.m vg%%. Mike;
14918 Three Oaks Court, Saratoga, . . ,
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(54) Tide: DISK DRIVE STICTION RELEASE SYSTEM
(57) Abstract | '
A disk drive including firnware for over-
coming stiction and breaking frée the heads of a —
disk drive which may adhere to the disk surface
when the disk is at rest. Upon start-up of the uer
disk drive, if stiction at the head/disk interface
occurs, the voltage to the spindle motor and/or 8
actuator motor may be rapidly fluctuated so as -
to cause a pulsing of the spindle motor and/or -
actuator motor. Pulsing both the spindle motor RoM
and actuator motor creates forces in a plurality 2
' of radial directions to allow the head(s) to break
free from the disk(s) in the direction of least re- -
sistance. Moreover, as the resonant frequency of MOTOR
I D el Y]
stuck; the fimware pulges - —- ~|——-- - A
over & range of frequencies including the various '
resonant frequencies of the spindle motor corre-
sponding to various numbers of heads stuck.
on
u
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WD 96/ 21927

PCT/ US96/ 00134 frequency and the second frequency is out of phase
relative to the_first frequcnuy 12, The di sk drive of

cl a-m-t+t—wnherei n t he—second—fTe |.S out of phase relative to
the first frequency by a,period e ced 13. The disk
drive of claim 10, wherein the firg T ual s the second
frequency, Webekafes£dquency has a v IIy unequalpctrﬁ,sg‘,ﬁ.ﬁgpnant

frequency of the spindle nmotor or act uator _ The di sk drive of
claim 10, wherein the first frequency equal s the second frequency,
whi ch frequency has a val ue appr oxi mat GLAIMS o resonant

frequency of the spindl drepeiedpy the Iptempiona)Burcau on 10 Augugt 1996 GI8MS K drjve of
ei ther one of claims 13 affisinglclaimy, 18 feplaced by amendpdjclaims 1-32 (S gl oy s out

of phase relative to the first frequency.

1. For use in a disk drive comprising a storage disk having data tracks
and a landing zone, a spindle motor for rotating storage disk, a head for
transferring data to and from the data tracks and arranged to fly above the data
tracks during a period of operation of the disk drive and to contact the landing
zone during a period of non-operation of the disk drive, an actuator for
controllably positioning the head at preselected radial positions of the disk
including the data tracks and the landing zone, and control electronics to control
operation of the spindle motor and the actuator by transmitting control signals, a
method for overcoming stiction between the head and the landing zone upon
transition from non-operation to operation of the disk drive by operating the
control electronics, during transition from non-operation to operation of the disk
drive, to generate control signals, compﬁsing the steps of: |

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

i) pulsing the actuator at a second preselected frequency to apply a

- force that frets the motion of the actuator i_n the radial dii'ection, and

ili)  coordinating 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 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

frequency.

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.

20 NN
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16. The disk drive of claim15, wherein the second frequency is out of
phase’ relative to the first Lod equal to [err]/2.
17: A di sk drive conpri sing: o a stack of storage disks, each
having data tracks and a | anding ZOWE'Sh“tHaSB”“Re laced 3 spi ndl e notor,
responsive to control signals, for r IMM"HMH of storage di sks;
a plurality of WR&¥a¥W27 cach one of th ansferring dETASHSOMIIY
fromthe data tracks of a respective one of the stack of storage di sks and
arranged to fly above the respective data tracks during a period of

Zone during a peri od b noie el Gt by R e By FERRAE) b BB "0
a plurality of aseomi frequencya whichfrequendyims actaluet approximately regual do tacresonadtr ol

signals for contgoll abl osi.tiboning a respective one of the plurality of
heads at p Y9k °F%fﬂ#l§| s?rt‘}cgﬁg”bf t he di sk corresponding to
the respective one of the heads i ncluding the data tracks and the

| andi ng zone; and

. -16-
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 comprising 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 n, 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 respective data tracks during a period of operation of the
disk drive and to contact the respective landing zone during a period of non-
operation of the disk drive, a plurality of actuators, each one of the actuators for
controllably positioning a respective one of the plurality of heads at preselected
radial positions of the disk corresponding to the fespective one of the heads
including the data tracks and the landing zone, and control electronics to control
operation of the spindle motor and the actuators by transmitting control signals, a
meihod for overcoming stiction between the heads and the landing zones upon
transition from non-operation to operation of the disk drive by operating the
control electronics, during transition from non-operation to operation of the disk
drive, to generate control signals, comprising the steps of:

) pulsing the spindle motor at edch of a first preselected set of
frequencies to apply a force that frets the motion of the storage disk in the
circumferential direction, -~ ._

ii) pulsing the actuators at each of a second preselected set of
frequencies to apply a force that frets the motion of the actuator in the radial
direction, and

AW
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WO 96/ 21927 - PCT/ US96/ 00134
control electronics operfitr'hig a transition fromnon-operation to

dyring
—voperattTomof~—the—disk driveg, el L ceh e—~comtr-ot stgrrat-s—to: —
i) pul se the spindle rmljﬂ, a first preselected set of '
frequencies to apply a for he notion of the storage disk in

t he wodshessf erential direction, 1) pothisséuoidic )
actuators at each of a second presel ected set of frequencies to apply
a force that frets the notion of the actuator in the radial

direction, and .. .. idi) .. coprdi nate the pulsing of the spindle
motor and the aciiflat ofe@rdigating ﬁemgpéeﬂﬁm%r@%%twﬁ&upon t he
head at t he cqussadaesultig! foreractifcupvnate hesd at the contabEbérwirali the headuadt hat

conti nuously chapges angul ﬁr directio andl'éaql Llldes a, . di rection of

| east sticti B 2E FaeE ?f@&ﬂ"ﬁ\‘&“ Yo Ang igrlydes @ direction of leass  The gj sk
drive of cl 3ticoh betwides 't keall BRd tHe'igddingy fome! ect ed set of f requenci es
i ncludes a frequency corresponding to the resonant frequency of the

spi ndl e notor when one of the heads is held by stiction to its respective

| andi ng zoge, clﬁﬂ{ H&ﬁﬂi T%ﬁ t frequency of

t he spindl e not o?' &[ﬂéi\ﬁ/\/ﬂgﬁd]tsg\o 0 g’fﬁe. e;@gﬁgs?gfaﬁg %Pg{]i-ction to their
respective [frequtngigs insludes a plumality of frequencies eosresponding torither restnastr equenci es

equal to theg.pibar .p AdR hélo Il _ REAS 19. -
In a disk d?ﬁege chﬁg’.‘%E one orgaﬁoﬁﬁd’#e‘gé{svb%&' t"rl’gﬁﬁeerrl ng "5‘&"&' to and '
from a pl ur alidtion tofts déspéctive landing zone.or neans for creating relative notion :
bet ween the one or nore heads and the plurality of disks, a nethod for

10. - A disk drive comprising: _

a storage disk having data tracks and-a landing zone;

a spindle motor, responsive to control signals, for rotating storage disk;

a head for transferring data to and from the data tracks and arranged to fly
above the data tracks during a period of operation of the disk drive and to contact
the landing zone during a period of non-operation of the disk drive;

an actuator re#pons’ive to control signals to controllably position the head at
preselected radial positions of the disk including the data tracks and the landing
zone; and _ =

control electronics operating during a transition from non-operation to
operation of the disk drive, 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 the storage 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

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 changes angular direction and includes a direction of least stiction
between the head and the landing zone.

_—
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over com ng stiction between the oneor nore neads and the plurality of

di sks, conprising.__the step GRSl BednREpliR4 QF NMEANS over a range
of - frequenC|es to anplify a fo t he notor neans at
stiction interfaces between the one mlﬂm lmH heads and the respective
surfaces of the Iurallty of storage ) The net hod for
over com ng sti% "2)S recited in claim19, wherein the PCEN§09134
frequenci es |ncI udes at | east approximte resonant frequencies of the
notor means with | head stuck, 2 heads stuck, etc., up to N heads st uck,

wher e N equal s Hibe tmaiscmorcnimneavmm thbﬁmmqwncmqﬁalhmds
-17- WD 96/.21927

PCT/ US96/ 00134 Second cy and she,secand, frequeney,is qut of, ghase, zelative i the fishas £ or
transferring dat d froma plurality of disks, and a spindle
notor for rotating the plurality of disks, - a nethod for overcom ng
stiction between the one or nDre heads and t he - plurality of disks,

conprising the step of pulm i ?kmoﬁi@ mﬁ&n it o
pr edet er m ned frequenC| es, ng pre tiei?lr‘nqulg?h requenci es 1 ncl l%l n%u at
| east appr@m@@w@mmemww/ﬂdl e motor with

vari ous nunbers of

~ 13.  The disc drive of claim 10, wherein the first ﬁ'equen_cy equals the
second frequency, which frequency has a value substantially unequal to a resonant
frequency of the spindle motor or actuator.

14.  The disc 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 disc drive of either one of claims 13 and 14, wherein the second
frequency is out of phase relative to the first frequency.

16.  The disc drive of claim 15, wherein the second frequency is out of
phase relative to the first frequency by a period equal to #/2.

17. A disk drive comprising: . .
a stack of storage 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 heads for transferring data fo and from
. the data tracks of a respective one of the stack of storage disks and arranged to fly
-above the respective data tracks during a period of operation of the disk drive and
to contact the respective landing zone during a period of non-operation of the disk
drive; '
2 plurality of actuators, each one of the actuators resp]onsive to control
signals for controllably positioning a respective one of the plurality of heads at

-23-
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heads stuck to the plurality of disks. 22; the nethod of claim
21, wherein the various nunb varies from1l to N,
| s t he—totat+ nunber _of heads in- the

—where—itequa ofre—ot+—ere—— ——heads——
23. The net hod of claim 21, i said spi ndl e notor occurs
at no greater than four- OOHz) and no less than fifty
hertz (50kggesn1927 a Iud| ng a h Fﬁggmql' K .

& %gg ato %‘ﬁd froma

assenbly haV|ng one or nDre ' heads_for transferring
‘plurality of disks, a spindle motor for rotating the plurality of

\climitsﬁsregggc?n gﬁ ﬂgmassﬁmlﬁﬁf‘{mﬂlgﬁosmloa ng'at‘ge one Y?:S?ﬁ?rog's‘ nore heads

“stiction betnmmﬂhmgmmmaﬁmmdm iohé; ddural ity of disks,
conprising the pu Ismg t he spindle

eps ,of :
notor over a ran§®® W“&F&‘W ¢% eperating during @ transition from non-operation 10 i scr et o

frequenci es dpaﬁhbkﬁbﬂﬂhe%isk@ﬁétto%ﬁéﬁié'méﬁm@ﬁ@ﬁaﬂb frequenci es of
t he head and di sk assenbl heads_ stuck, where N equal s the
Breselected set of

to
total nunber of P)eadsp‘i'#%ﬁép’ﬂﬂﬁ Wrﬁr%‘hﬁa&jﬁm
ul sing the I el the ai m 24,
p g "Z‘f} e8'to fﬁ%féemmfmme&'énonofﬁﬁsirbg@?

wherein the e nD I's pulsed in a I on substantlally
or t hogonal tmmmh% whi ch the actuator assenbly is pul sed.

fi) = pulse the actuators at each of a secorid preselected set of frequencies
' to apply a force that frets the motion of the actuator in the radial direction, and
ili)  coordinate the pulsing of the spindle motor and the actuators 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.

18.  The disk drive of claim 17, wherein the first preselected set of
- frequencies includes at least a frequency corresponding to the resonant frequency
of the spindle motor when one 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 stiction to their respective landing zones,
and a frequency equal to the number of heads in the plurality of heads.

19.  In a disk drive including one or mbré heads supported on a movable
actuator for transferring data to and from a plurality 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 and pulsing the
actuator at one or more different frequencies W, to amplify a force exerted at
stiction interfaces between the one or more heads and the respective surfaces of the
plurality of storage disks.
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26. A di sk drive including neanéLLoL_o.veL.cgm-ng—s{—Lct ion of a plurality

of ) heads on respective surfages-of at .least one storage di sk upon
Start_ up of the disk This SheetHas Been Replaced ) -18-
VO 96/ 21927 ul llumuml I {il PCT/ US96/ 00134

drve, conprising: ; a head
and di sk asserMP¥6219%c| udi ng: t he alPCRASAHOObe
storage disk within said housing for storing ' data, the

at | east one storage disk including a |anding zone;

rotating means for r@0ati Mhe miethodifor evertoming sti¢tivnzayaeciied in claim 19, wherein

the plurality of_ heads for . transf,errj sai d data.to _and fro .

the at |east ondh€ _ %@%N@'I@“ﬁ;&ﬁ“&“ﬁ& it Jeast approximate resonant pﬂ‘“ﬁ?"‘lﬁ?‘aﬂfi ty of
bear i ng nrea_nzI Olrlhi!\’ﬂ?otdi' théhs With' Bheéal shiek, P degiis stuck, etc., up to N heads stugk.e
mount ed, said plurality of bearin ans. resti on a Sectiqn

of said | anding Ymﬂ)gﬂ“é&éﬁ‘fﬁﬂ iy 9@&’8&”’0&8%?8?5@&&?3&5

during nonoperational periods of the disk drive; and

control neans for controlling said transfer of data and for
21. In adisk drive including one or more heads supported on a movable

actuator for transferring 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, comprising the steps of pulsing the
spindle motor over a range of predetermined frequencies, said predetermined

- frequencies including at least approximate resonant frequencies of the spindle
motor with various numbers of heads stuck to the plurality of disks and
simultaneously pulsing said actuator over said range of frequencies.

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

23.  The method of claim 21, wherein pui,sing of said spindle motor
occurs at no greater than four-hundred hertz (400Hz) and no less than fifty hertz
(50Hz).

24.  Ina disk drive including a head and disk assembly having one or
more heads for transferring data to and from a plurality of disks, a spindle motor
for rotating the plurality of disks, and an actuator assembly for positioning the one
or more heads with respect to-the plurality of disks, a method for overcoming
stiction between the one or more heads and the plurality of disks, comprising the
steps of:

o N 0 R
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controlling the rotation of said rotating neans, said control neans further’
I ncl udi ng nmeans for pulsing said rotating neans over a range of '

head stuck, 2 heads stuck, etc stuck, where N equals the

t ot al numwoggilgheads in the pl t ds, said Pul JrASk oA SIS

freqoencres;—saird range of—fr eﬁ%@ﬂgéggsgem;ﬂmea
provided to free said bearing nkans: frbm sai.d | andi ng zone on each of the

r esonant frequenm es of said hemﬂm !senbly corresponding to |
S

at | east one storage disks upon start-up of the disk drive. The
di sk drive of Cli'ﬁ}ﬁ %ﬁﬁ{
greater than four- SM erkﬂr&‘é' § @lé nﬁ@%f“ﬁ r”]‘(F.ll'ertz

"(50Hz) . freqBéncies inclullingatdeast sppaeximeteiresadarit freqhienicies o6 thef head hnd

oot | oni ng Gk o 0] #:f*ﬁt stk ol A Gl b R o N 00T | o

one storage thé 8¢ ormore heads; wherein said control neans further
i ncl udes second pu] si ng neans - f-or. pul sing said actuator neans,
sai d second pul si W\H’F@H’l | free said bearing neans
fromsaid | anding zone on each' of the at Ieast"one st orage di sks

upon start-up of the disk drive.
-19- 25.  The method of claim 24, wheremthespmdle motor:spulsedma

direction substantially onhogonal to 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 surfaoes of at least one storage disk upon start-up of the
disk drive, comprising:

a housing;

a head and disk assembly, including:

‘the at least one storage disk within said housing for storing data, the
at least one storage disk including a landing zone;

rotating means for rotating the at least one storage disk,

the plurality of heads for transfemng sald data to and from the at
least one storage disk, and |

a plurality of bearing means on which the plurality of heads are
mounted, said plurality of béaring means resting on a section of said landing zone
on each of the at least one storage disks during nonoperauonal penods of the disk
drive; and C : '

control means for controlling said transfer of data and for controlling the
rotation of said rotating means, said control means further including means for
pulsing said rotating means over a range of frequencies, said range of frequencies
including at least approximate resonant frequencies of said 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 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.

- ) )RR 0
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AVENDED CLAI NS  [hResivied BOY, HeliSeeh NLEr Nat i onal Bureau on 10

August 1996 (10.08. 96) fal claims 1.28 repl aced by

anended clains 1-32 (8 pages)] JIILI J"!Uﬂ[ﬂﬁ For use in a disk drive
nd a landing zone, a

conprising a storage disk having d
spi ndl e not or P"%ﬁ?’atl ng storage di sk, a head for transfe?ﬁ'ﬂﬁ’%ﬁd to

and fromthe data tracks and arranged to fly above the data tracks during
a period of operation of the disk drive and to contact the |anding zone
during a period of nm-opahaﬂxshrdméofhmmaékwﬂmmgm”ﬂm at no

ok ' ncl ual ngPeHel WA oot Fundfed nie ARORE) S et el o (BB

el ectronics to control operatlon of the sp| ndI e notor and the actuator by
transmtting control |gn net hog jor .0 sti,gti on between
the head and the |andi Z)a‘éka s B&fé&ﬁﬁ%g‘n P&t ion to

operation of the di skacﬁuomem ﬂﬂﬂﬁ%ﬁiﬂ%uhﬁ@forpb@iﬁbﬁﬁ uﬂdaﬁﬁh%madsiuri ng

transition from non- operatlontooeratlon of th d|s drive, to generate
control signal s, With f85pecs to theap least t%§‘%§&° and puI sing the
spindle notor at a f'\fl]ﬁémﬂrsﬁa nﬁ&[ eRfisCfor t hat
frets the notion of the storage dIS C|rcu ere |rect|on

ii)  pulsing thmlaueﬁGMrMCmmmwumwmwﬁpmmW a

1) " Goor ci nat P AR e id fodiig 4 th sath hEhe o i onf sl difls, °T

upon start-up of the disk drive,

29. A method as claimed in claim 9 including the step of pulsing the
spindle motor and the actuator at the same frequency.

30. A method as claimed in claim 29 wherein the motor and the actuator
are pulsed at said set of frequencies sequentially in a reverse order from said
resonant frequency when said n heads are stuck to said resonant frequency when
said one head is stuck, | |

31. A method as claimed in claim 29 wherein said second frequency is
out of phase with said first frequency.

32. A method as claimed in claim 31 wherein said second frequency is
out of phase with said first frequency by a period equal to =/2.

e
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cause a resulting force acting upon the head at the contact .between the
head and the | andi ng zone that changes angul ar di-rection:and’ |ncludes a
direction of |east stiction between the head and:the'l andi ng.zoneé.

/ The nethod of claim 1, wherein the fiTst frequency equals the

second frequency and the second frequency is out of phase relative to the

firgt frequency. 3. The nmethod of claim2, wherein the
second frequenWHAT IRMLAIMED ISphase rel ative to the first frequency by a
perfiod equal to [err]/2. 4. The nethod of claim1, wherein
the first frequency equals the second frequency, which frequency has a

v It gf 3 lerZtC ?3; It glr ly 1unequahetr@d%fro%é&8%g stictioh tREAMRAY hal FnBe & R &isk
/ US96/ 00134 drive comprising sﬁarace dlﬂmmwmg taial tratkcdral arlahdingtwene) o spihdle motet

requency equalfc"sr rtort]atmv storage disk, a head for transferring data to and from the data tracks and
arranged to fly above the data tracks during a period of operation of the disk drive
and to contact the landing zone during a period of non-operation of the disk drive,
an actuator for controllably positioning the head at preselected radial positions of the
disk including the data tracks and the landing zone, and control electronics to control
operation of the spindle motor and the actuator by transmitting control signals, the
method for overcoming stiction between the head and the landing zone upon
transition from non-operation to operation of the disk drive by operating the control
electronics, during transition from non-operation to operation of the disk dﬁve, to
generate control signals, comprising the steps of:

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

ili)  coordinating 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 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 frequency.

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.
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r esonant frequency of the spindle motor or actuafor:..

The nmgthod of either one of clainms 4 and 5, wherein,the, second:., fréduency
is oyt of phase relative to the first frequé cy. 7. The

met hgd of claim 6, erein the secaond. frequency js_.out. of phase rel ative
to the first freque\r,:%y byﬂée B‘Qﬁoad’?é’gﬁ@ll: %Taﬁrtﬁw first frequency equalsghe secopd,
usefin a disk éd{fe ik t [ avi ng

dat A tracks angﬁa E%%bzg%gu&é@g% ge%?{)t?rﬁﬁl)l? ur%o %aflﬁﬁér}?‘t}?ga@t ack of
st grage di sks, frequencybf the spindieemdtor or actaatorone of the heads for
transferring data to and fromthe data tracks of a respective one of the
stfack of storage disks and arranged to fly above the respective data
tfacks during a perigpd of,.operati,o f the disk_.drive and to contact fthe
rbspective |anding zbne dif Wﬁ&gdﬁgrcfabra Lo WhegHD the g3 dreqpensy egpals e%ﬁcg%&
rive, a pluralflyenly aghitRERESenct 268 Wfie Appldifmaet 4 tf

control |l ably posi |eor?i’ng 1a rl‘eééperl(??i veao%eokpt he %tle ra %% Ogé’sﬂneaerlldsregg[lency
presel ected ofahe spinglesnatooosaabatohe di sk corresponding to the respective
one of the heads i ncluding the data tracks and the |anding zone, and
control electronics to control ~ operation of the spindle notor and the

cctuat o, by LUANSTI4L | "OrAORLigh PR g oL ANES, Mo BNSHE 0N,

second frequency, which frequency has a val ue approxi mately equal tq a,,

stiction between the heads an eol upon T ansi

non- oper ation tfRequeftisi cuf oPphdsh eeldiivkrotht figstifyequehéat i ng the contr ol
el ectronics, during transition from non-operation to operation of the disk

drive, to generate control signals, conprising the steps of: i)
pul sing the spindle tor.at_eac f.,a first presel ect set of.
frequencies to apply’a fommfﬁﬁ{? O?F@f@ét' eﬁaf‘it squnfﬂrgngngyéﬁgutaqubaﬁ
the relative to the first frequency by a period equal to 7/2.

8. A method for overcoming stiction in a disk drive comprising 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 n, 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 respective data tracks during a period of
operation of the disk drive and to contact the respective landing zone during a period-
of non-operation of the disk drive, a plurality of actuators, each one of the actuators
for controllably 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 data tracks and the landing zone, and control electronics to control
operation of the spindle motor and the actuators by transmitting control signals, the
method for overcoming stiction between the heads and the landing zones upon
transition from non-operation to operation of the disk drive by operating the control
electronics, during transition from non-operation to operation of the disk drive, to
generate control signals, comprising the steps of:

i) pulsing the spindle motor at each of a first preselected set of
frequencies to apply a force that frets the motion of the storage disk in the
circumferential direction, /

waooseer |IIEIM L



circunferential direction, - 1) pul sing the actuators at each of

a second presel ected set of frequencies to apply a force that frets the
nmoti gn of the actuator in the radi al di rsgt i on, and
-21- . 22 VWHAT | S CLAI MED

| S: 1. A\ nmet hqd. of, overcom n tiction between he and a
di s% in a disk dri veﬁonp?‘ﬁé’i“ﬁdh”s?‘%?aé‘@@ a&lgé ‘Pfa%??‘f@n Qfégg’??@@ﬁ? cgﬁ'ﬁquenaes
| andi ng zone, ' | | | K. BRI
transferring dgtto;éﬁg)!}d Lg% Pﬁg%eﬁ%é adt’ﬁtgh?g é@ g&gﬁgr girtr%gr%ée%lh‘?g&#l F’@’ z:élnt()jove
the data tracks duriiiy a peordieding thepaisiig ohthefspindie tiofit adld itheacidors ao
contact the landing zone during a period of non-operation of the disk

drive, an actuagavse faesudling: foete asking upes thei iead ag therrontashbetameep theshepd ané the
radi al positio f the disk includi he.dat a, tracks _and the landi ng.
zone, and contr 8‘85&8?? gﬁ?ﬁgml%s ﬂﬁ#& Cgfiregg%r} nd HW?L@FS. Fﬁére%tﬂﬁ%?ﬁ @asgrﬁﬁ‘%f’o"and
the actuator bypdifyéifiHelHehand BRlIERIng zeRal s, the nmethod for overcom ng
stiction between the head and the | andi ng zone upon
9. The method of claim 8, wherein the first preselected set of
frequencies includes a plurality of frequencies corresponding to the resonant
frequencies of the spindle motor when one or two or. . . n of the heads is held by

\ stiction to its respective landing zone.

10. A disk drive comprising: -

a storage disk having data tracks and a landing zone;

a spindle motor, responsive to control signals, for rotating storage disk;

a head for transferring data to and from the data tracks and arranged to fly
above the data tracks during a period of operation of the disk drive and to contact
the landing zone during a period of non-operation of the disk drive;

an actuator responsive to control signals to controllably position the head at
preselected radial positions of the disk including the data tracks and the landing
zone; and

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

1) 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,

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

i_ii), 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 changes angular direction and includes a direction of least stiction between

the head and the landing zone.

A O
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transition fromnon-operati-on to operation of the disk.drive by. operating
the control electronics, during transition fr-om non- operatlon ‘'t o operation
of the disk drive, to generate control mgn% ; conpr.i-sing the:steps of.

i) pul sing the spindle notor at a first preselected frequency to apply a

for¢ge that frets the ti S age ~di r unfere I

i et on TP B8 Blss ghFr B el 00 WHER tlesf e RRBeER R e
frequency to apfécﬁn@fr%@ﬁé‘r@yfahéﬂthéie@@rﬁi frBgueABY iosut At phi® RRtivat@thel first he
radi al direction, and i) coordi nating the pul sing of the spindle

tor and the afreqwdnoy to cause a resulting force acting upon the head at
t/hhe contact between the head and the | andi ng zone that changes angul ar
irection and includes a direction of |east stiction between the head and
he | andi ng zone. e fii st
frequency equal s the seconggplrsgdﬁgggfmraq;ihgjhsegé@@%F%%@é@eqci& "{t %
phase rel ative plusk hlafive Bithé fieq yeQasncy b]y ﬂenod &qual to #tee nethod of cl al m
2, wherein the second frequency is out o ase relative to the first
frequency by a period equal to [err]/2.

23 |4 Thesmetlipd sl ol 2l AR AERA UG Al RboldhET NSNSy Raul S

second frequency, which frequency has a value substantially unequal to a resonant

frequency of the spindle motor or actuator.

)

14.  The disc 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 disc drive of either one of claims 13 and 14, wherein the second
frequency is out of phase relative to the first frequency. '

16.  The disc drive of claim 15, whe ‘in the second frequency is out of
phase relative to the first frequency by a period equal to 7t/2.

P, 17. A disk drive comprising:

a stack of storage 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 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 respective data tracks during a period of operatic;n of the disk drive and to
contact the respective landing zone during a period of non-operation of the disk
drive;

a plurality of actuators, each one of the actuators responsive to control

signals for controllably positioning a respective one of the plurality of heads at
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frequency, which frequency has a val ue substantially unequal to. a resonant
frequency of the spindle notor or actuator. ~ 5. The net;had.of

claim1l1, wherein the first frequency equal so-gw second frequency, which .

frequency has a val ue approxi mately equal td™a resonant frequency of the

spi ndl e notor or ac%ator nme{.hod of either one of

. s 6.,.. The :
claims 4 and 5, Puselesier Reial RAsitions of e lighedrrespording & therrssnectivg ena ofthe o
the first frequ ¥ o 1 Of.claim6, wherein the
second frequenc?gi&é lgﬁltumgf’ t%%ga;%ura% a :a\}ggg%(aﬁ?e{%%f gljt“{r}requency by a
perjod equal to [err]coRtrol electronics oferating BufiRg BAthnkition Freh a6HloPEratbh & i on in
a gisk drive conprising a stack of storage disks, each having data tracks
anfl a | andi ng zeoperatian opthiedlisk dibrento gererataithe comyral signalsdek of st orage
digks, a plurality of, heads,n,; each,,one of the heads for transferring data
t§ and from the data ' racPuls5hesRinds gqienat eaﬁ'éog@?frﬁé)rgﬁe;ee%&]&pt %{{5 geles
df sks and arran f doYeeaRaViee SSRESH ity | idperiod
§. operation of at?ﬁ%ﬁlgiask Cgri ve é%lg‘%tr% con?ﬁa%g%%oﬁiéﬁg%ggéﬁ?&ge?g%?ﬁﬂsﬁ)zone
Xiri ng a peri oddirkctimm- operation of the disk drive, a plurality of
gt uators, each one of the actuators for controllably positioni ng a .
f&spective one of thd)pl uPHlse the aptuaiers @k eaph Qfracseeprd Peegelpgied 58t o SEEQuensiRs of
e di sk correspondi t clive . ds iinel udi ng e
e, ok oot eoRORghd RRRS RASRESHINE O1Ge SLphOF N ARR0 D Bhlop gl
peration of the sping e @séﬁinaedwmetphgi@céftm&@{;@d@/mbnroa@ﬁmﬂeucmt&@% tflse

i
g¥ gnal s, the nmethod for overcomng Stiction between the heads and the
@nd"ng zones upaesulting force acting upon the head at the contact between the head and the

iy
S

landing zone that continuously changes angular direction and includes a direction of

;h least stiction between'the head and the landing zone.

18.  The disk drive of claim 17, wherein the first preselected set of
frequencies includes at least a frequency corresponding to the resonant frequency of
the spindle motor when one 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 stiction to their respective landing zones, and a

frequency equal to the number of resonant frequencies in the plurality of heads.

) 19. A method for overcoming stiction in a disk drive including one or
more heads supported on a movable actuator for transferring data to and from a
plurality of disks, and a motor means for creating relative motion between the one or
more heads and the plurality of disks, the method for overcoming stiction between
the one or more heads and the plurality of disks, comprising the step of pulsing the
motor means and p'ulsing the actuator at one or more different frequencies W, to
amplify a force exerted at stiction interfaces between the one or more heads and the

respective surfaces of the plurality of storage disks.

-
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transition fromnon-operati-on to operation of the dj.sk.drive by. oper.ati-ng
the control electronics, during transition f'rom non-oper.atiqn’to operation
of the disk drive, to generate control signgls, conpri'si'ng the:steps of:
i) pul sing the spindle notor at each of a'first preselected set of
frequenci es 10 appl ypg fORfe Lk df §ltcdifis RSN aleckBf it hAAYS, Yhelid "

2 11 )the frRIdLEAdMG Whan@ 9, UALINAS AlleRREPbrokintutS RGONt Bfeda&lcRGisTdhs et
¥ frequencies to apply a force that frets the notion of the actuator in

e radi al di r embtoomeaasevith 1 head sticki 2 headsostuak, re&t.j np te behgads stuok, where N
[§pi ndl e notor and htg actuataqrs ’% cause a resulting force acting upon the
head at the co s the tQrldivmbss o gﬁ?ﬂ’sd%éhec% rARATEIFAIbne that changes
angul ar direction and includes a direction of |east stiction between the
head and the | andi ng zone. 9. The nethod of claim@8, wherein
the first presel ectegl] set AGheth6€ Boravetc@mind Slictidasina dskaabed in¢lwding one or
frequenci es corresponding to the resonant ?requenm es of the spindle notor
when one or twomore heads syppofted be ahmoihbly actiatdmfopyragsfemingdata to andsfrom a

respective | and;')hrl]xgali%yogF disks, and a sp'mdil‘eor'notor'%ord }oslet(tin%rtlh\é%lucrgﬂgréfs dxsqg, the method

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

comprising the steps of pulsing the spindle motor over a range of predetermined
frequencies, said predetermined frequencies including at least approximate resonant
frequencies of the spindle motor with various numbers of heads stuck to the plurality

of disks and simultanéously pulsing said actuator over said range of frequencies.

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

heads.

23.  The method o'f claim 21, wherein pulsing of said spindle motor occurs

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

y 24. A method for overcoming stiction in a disk drive including a head and
disk assembly having one or more heads for fransferring data to and from a plurality
of disks, a spindle motor for rotating the plurality of disks, and an actuator assembly
for positioning the one or more heads with respect to the plurality of disks, the
method for overcoming stiction between the one or more heads and the plurality of

disks, comprising the steps of:

e

A
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2 /
ae5t o}e{ge di sk having data tracks and a | anding zone; . a spi.ndl e

nmot or/ - responsi ve to control signals, for rotating storage disk; -+ a
head for transferring data to and fromthe dgta tracks and arranged to fly
above the data tracks during a period of operation of the disk drive and to
contact the landing pabingdheispigdie metoi o¢eraf rangdoppRERtd BBqRhciellesath &kcrete
drive,; an actuator responsive to control signals to controll abl
positi on the hefigquenciasdadidiag atilepsidipproxpoaterewnantofrequeacias ok therhehdidndhdiskhe

data tracks and_the,lapdi;n ne; an control el ectroni oper gti ng
during a transi PfSSWb#X g%ln@nﬁ glﬁaeqsaf’?‘fcgnwthSreo%Sﬂé@is&‘F tofal inyanogr Qﬁﬁﬁdis\%a"et 0
generate the coagé?{. mord RAER: A% i) pul se the spindle notor at a
first preselecte requency to apply a force that frets the notion of the

storage disk in the pulsmgtheaetnitoahssdmbhct i on, ii) pul se the
actuator at a second preselected frequency to apply a force that frets the
noti on of the actuator in the radial direction, and i)

coordi nate the pul si of ~th i . r . t.he actuator to se a
resulting force actiﬁg‘up eﬁﬁgﬂ%gggﬁgﬁpéﬁéw%%%W5g?SB@F&EBH“YH%Wﬁ%%dﬁﬁhd
the | andi ng zongirkétin subRBARSlyHHALEdal % & reb@h ANWhicHGheI8@Bat8r SNse@Blyiign Of
| east stiction between the head and the | andi ng zone. 11.
The disc drive ptlsed.ai m 10, wherein the first frequency equals the second
frequency and the second frequency is out of phase relative to the first
frequency.

- ' 26. A method as claimed in claim 9 including the step of pulsing the

spindle motor and the actuator at the same frequency.

27. A method as claimed in claim 26 wherein the motor and the actuator
are pulsed at said set of frequencies sequentially in a reverse order from said
-resonant frequency when said n heads are stuck to said resonant frequency when said

one head is stuck.

28. A method as claimed in claim 26 wherein said second frequency is

out of phase with said first frequency.

29. A method as claimed in claim 28 wherein said second frequency is

out of phase with said first frequency by a period equal to /2.
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12. The disc drive of claim1ll, wherein the. second frmi 926“7 G)U 13 ll»
phase relative to the first frequency by a period equal *t ]/2

13. The disc drive of claim10, wherein the first fre VY !

second frequency, which frequency has a val ue substantig:tj'ﬁ]ﬁ_dﬁgqg 1%3995
resonant frequency of the spindle notor or actuator. . 14 The

disc drive of claim 10, wherein the fings frequency equals the seéond
frequency, which frequency has a val ue approxi mately equal to a resonal

frequency of the spindle notor or actuator. 15. The di sc dri\e
of either one‘of clains 13 and 14, wherein the second frequency is out of
phase relative to the first frequency. 16. © The disc drive of
claim 15, wherein the second frequency is out of phase relative to the
first frequency by a period equal to [err]/2. 17. A disk drive
conpri si ng: a stack of storage disks, each having data tracks and a
| andi ng zone; a spindle notor, responsive to control signals, for

rotating stack of storage di sksiy 2 aN\ty of heads, each one of

FIG. 1
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the data tracks of a respective one of the stack of sterd &Ssl?s()%@ﬂ 4‘3 !4
arranged to fly above the respective data tracks during a period gf- ar R‘ggﬁ
operation of the disk drive and to contact the respective |anding z@é%)
during a period of non-operation of the disk drive; a plurality of
actuators, each one of the actuators responsive to control signals for
controll ably positioning a respective ane of the plurality of heads at tF
26 preselected radial positions of the disk corresponding to the

respective one of the heads including the data tracks and the | andi ng zqne;

and control electronics operating during a transition from
non-operation to operation of the disk drive, to generate the control
signals to: ™) potsethe spimdre tor at each of a first

presel ected pet of frequencies to apply a forlce that frets the notion of
the storage flisk in the circunferential diredtion, i) pul se the

actuators atlea set{ of frequencies to apply a
force that fyfet$ the notion of the actuatqr ijn the radial direction, and
i) coordfnafe the pulsuﬂgiof t he spinglejmtor and the actuators to
cause a resultihg force act'ing upon the hdqad fat the contact between the

head and the|l apdi ng zone that conti @fpuslly dhanges angul ar direction and
i ncl udes a dijredtion-of l.east--stiction-pettwegn the head and the | anding
zone.
ROM
42
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CTL

CTL
36

ACT
CTL

40
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18. The disk drive of claim17, wherein the first prbsegﬁq%d t/p‘;f‘; _.j 4
frequenci es includes at |east a frequency correspondi ng™ bt e,dn' é,\‘ﬁ
frequency of the spindle notor when one of the heads is ﬁmﬂ/ S :gf}? i i;d)qag
its respective |anding zone, a frequency corresponding t Ssonant
frequency of the spindle notor when tV\Q/g)f the heads are held by stiction

to their respective |anding zones, and™a frequency equal to the nunber
resonant frequencies in the plurality of hpads. 19. A net hq% '.{
for overcom ng stiction in a disk dr Re=iOl udi ng one or nore heads

supported on a novabl e actuator for trap rring data to and froma

plurality of disks, and a notor neans fpr creating relative notion between
the one or nore heads and the uralityYof disks the method for overconing

stiction between the one or nure pliurality of disks,
conprising the [STep of pul s ng tﬁiﬁ'ﬁg?ﬁ?mg’ﬁ&a d pul'sing the actqlat or at
one or nore diflferent frequenci T force exerted at }stiction
interfaces between the one or nore heady and the respective surfacégs of the
plurality of stjorage disks.
27 : 20. The nmet hod for rcom ng jction N© recited injclaim _
19, wherein thg frequenci es W€ §niacd Iude? n ast apgroxi mate
resonant frequgncies of the not R anng?t ead stuck, § heads |stuck,
etc., up to N Heads stuck, where N e he total nymger—pf ileFldS in the
one or nore hedds. Yes ontinue |

Start-up

Yes itn>10

A

Post error

No

Commutation £ 3

Power off
Delay 50 ms

l

Pulsing motor &
actuator for 1 s

l

n=n+l

FIG. 3
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21. A nethod for overcontng stiction in a disk drive |nclud|ng one or
more heads supported on a novable actuator for tranggenring q%gg qz\and q
froma plurality of disks, and a spindle notor for rotatlng t gq

of disks, the nethod for overcom ng stiction between ?j hnﬁé
and the plurality of disks, conprising the steps of d? /Eﬁgﬁhe splndle
not or over a range of predeterm ned frﬁg$encies, sai d predeterm ned Ef
frequenci es including at |east approxi e resonant frequencies of tﬂg;
spindl e notor with various nunbers of heads stuck to the plurality of ks
and simul taneously pul sing said actuator over said range of frequencies..
22. The nethod of claim 21, wherein the various nunber of heads stuck
varies from1l to N, where N equals the total nunmber of heads in the one or
nor e heads. 23. The met hod of claim 21, wherein pulsing of said
spindl e notor occurs at no greater than four-hundred hertz (400Hz) and no

|l ess than fifty hertz (50Hz). 24. A nmet hod for overcom ng
stiction in a disk drive including a head and di sk assenbly having one or
nore heads for transferring data to and froma plurality of disks, a
spindle notor for rotating the plurality of disks, and an actuator assenbly
for positioning the one or nore espect to the plurality of

di sks, the method for overcqg g stlcQQon bet t he one or nore heads and
t he plurality of disks, ¢ rising the steps of: '

FIG. 4
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28 pul sing the spindle notor over a range of 6 |§_s k!.
said discrete frequencies including at |east approxi ﬂgs 9 q’bﬂ”@ 3

frequenci es of the head and di sk assenbly for 1 to ség @ e’ :;

equal s the total nunber of heads in the one or nore hea ; and
pul sing the actuator assenbly. 25. The net hod of cIa|n124,
wherein the spindle notor is pul sed i direction substantially ortho
to a direction in mhicqééhe actuat or assenbly is pul sed. 26.
met hod as cl ai ned in clla¢prorrmet-odrgthe [STep o1 pul §i'ny 'the spindl e
mot or and the-actuator ql-the sane frequengy. ~27. 4 A nethod as
clained in claim 26 mhér -n the notor tor are pul sed at said
set of frequencies seqeftially in ever ge orger m sai 0] r esonant
frequency when said n Qfgﬂs are stMdck to sgid esonant frequency when said
one head is stuck. V[ 28. A net hod as claimed in cla m26 wherein
sai d second frequency igp4put of /phase with d les%'fr quehcy.
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29. A net hod as claimed in claim28 wherein said second frequgnc;ﬂ%sg 1P -6
of W&Wr Lo
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