1 - REMOVAL OF RAI SED | RREGULARI TIES ON A MAGNETI C DI SKROOCLIGWTH

“'CONTROLLED ABRASI ON BY A MAGNETORESI STI VE HEAD

BACKGROUND OF - THE | NVENTI ON 1. Field of the Invention \POS The
present invention relates to magnetic data storage drives with head disk
assenblies utilizing magnetoresistive ("MR') heads. Mire particularly, the

i nvention concerns a nethod, apparatus, and programed product for renoving
raised irregularities in a magnetic data1storage di sk by contacting an MR
head with the relatively softer irregularity to abrasively erode the
irregularity. The MR head may be expanded, for exanple, by selectively

I ncreasing read biasing current to the MR head. 2. Descri ption

of the Related Art One of the nost inportant conmponents in a

- magnetic disk drive systemis the read/wite head. A conventional

- read/ wite heaRuueywAESORYRAISED IRREGURARITTES/ONIA MAGNETIO DISKUX &/
transitions skpypgy e@mﬁ%ﬁﬁcﬁBﬁAﬂGﬁ%‘?tA MAGNETORESETIVE HEADe

. produces an electrical output signal in response to the sensed magnetic
. flux transitions. The read/wite head's output signal is velocity

- dependent-- a faster disk e output signal.

- MR heads represent an inpor &é@mﬁﬂfﬁg&ﬁ*@ﬂl sk drive systens.
- The out put si gnpl OfF@@ %ﬁ%@eﬁ&d‘m dependent on the relative velocity
- bet ween the head an ead of sinply sensing a magnetic field

~ fromthe di sk sThe present mvehﬁbﬂm&aﬂemmeglenbdammmagﬁdmvwwgﬁlhﬂadtdmmembﬂes
i MR heads ma errpl oy a sLmI Ite eI venti gnal head.
Fovever , e R0 gk o R saReeR ¢ method
~such as a g}aﬁgp t Tgllﬁaéﬁu d
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. e nmagnet or esi st ect. Namely, the
. resi st ancetsrhgé ldisld\lﬁy sontacting hm MRshdad withthe telamwdly) softer n’mmlanty: té iabtasively

- the di sk, passm thelVR r | f . the S h a
_constant g EVX”‘WR @as@qyabgexpan &ampfe, leectlvely increasing

2 read blasmg current to the MR head.

2. Description of the Related Art

One of the most important components in a magnetxc disk drive system is the
read/write head. A conventional read/write head operates by sensing the rate of change of
magnetic flux _transitions stored on the surface of a magnetic disk. The read/write head
produces an electrical output signal in response to the sensed magnetic flux transitions. The
read/write head’s output signal is velocity dependent-- a faster disk speed yields a greater -

' magmtude output signal.
_ MR heads represent an 1mportant nnprovement in magnetic disk drive systems. The
output signal of an MR head is not dependent on the relative velocity between the head a_md

~ the disk. Instead of simply sensing a magnetic field from the disk sﬁrfa_ce, an MR ‘head
senses the rate of change of that field. MR heads may employ a similar write element as a
conventional head. However, an MR head uses a modified read element employing new
features such as a thin sensing element called an "MR stripe".

This MR stripe operates based upon the magnetoresistive effect. Namely, the
resistance of the MR stripe changes in proportion to the magnetic field of the disk, passing
by the MR stripe. If the.MR stripe is ciﬁven with a constant current, the MR stripe’s voltage



drop is proportional to its resistance. Thus, the MR stripe's voltage
represents the nagnetic signals encoded on the disk surface. In other
arrangenents, a constant voltage is applied to the MR stripe, and the
resultant current is neasured to detect nagnetic signals stored on the disk
surface. Al t hough highly beneficial, MR heads are especially
susceptible to certain errors. Nanely, the resistance of the MR stripe
varies in response to heating and cooling of the MR stripe, in addition to~
the magnetic flux signals encoded on the disk surface. Normally, the MR
stripe maintains a constant tenperature as it flies over the disk surface,
separated by a thin cushion of air ereated by the rapidly spinning disk. In

this state, the stored magnetic flux, sign ontrlbut nost significantl
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As shown by ermal asperities in magnetic disk drive

. systems can beSad:}gcmfmaaemﬂwimhm ofitheliMR hetad,viasluding thesMR\§ripeadizating of

the MR stripe increases it resistance, which distorts the MR stripe’s output signal. This type
of distortion is known in the art as a "thermal asperity." A read channel in a magnetic disk
drive, however, is designed to receive a reliable signal from the. MR head, free from
irregularities such as thermal asperities. Consequently, severe thermal aspentles may prcvent
the réad channel from correctly processing output signals of the MR head, causing a channel
error.

These errors may be manifested in a number of different ways. For instance, severe
distortions of the channel signal may cause the magnetic disk drive to shut down. Other
errors may simply prevent reading of data on the disk. Such errors may also prevent writing

of data, if the servo signal embedded in the disk cannot be read correctly, or it indicates that



SUMMARY OF THE | NVENTI ON - It is an object of the present invention

to aneliorate one or nore di sadvaptegez 01 yuhg@EeNijor art.
Accordi ng to one aspect of the pr §ﬁ$§¥b‘*§ there is provided a net hod
; rage di'sk, conprising

for renoving protrusions on a sufface W&,

the steps of: detecting aprotrusion froma-substantially fl at
surface of the data storage disk, said disk including a plurality
of tracks one of which contains the protBusion; and in response to

detection of the protrusion, performng conprising: -
positioning a magnetoresistive head over the track containing the
protrusion, the head including relatively harder nmaterial than the

protrusion . and further jncluding a read el enent having a_ .
magnet or edesheadds tor fap eff teasl to write data without ov;m}tglgs@qﬁg opanpadiacsat Hack.c fihis
. applied tg t ma of 5,541 B4 Den S 0 . . .
. flying heF%‘i}ﬁS? I? Egﬁ%dgagdh%&# }ﬁlﬁg}lﬁ%ﬁ' R)t?o' ggglggxtst%fethhseggetpgrs&séh gc"glgg %&gﬁe%ay

© protrusi odeem the entire Aét6x thady) dansing atvixdte intsibie Chard? efrte Repencod themislhéisperities
there is provided a nethod for _renoving surface irregularities on a data

. storage dimay,alsmeawse gidisk drive torfalla predictive failure analysis measure, falsely signalling an
4 .detecti ' CR.I ks rJ on a substantially flat surface

| of the da_t’%‘pg?cﬁ_flﬁgi%kafaﬁwg?o |354<1$fg§|k'§d§|£%k including a pl urality of tracks

. one of which con¢ ghé\$n le'Q:h_é foregding, itheh, thermal aspeditids i nifmeae diski drive systems

- detection of the irregularity, performng steps conprising:

. posi ti oni regndecsignifisentprebleatsdnaligk drives thathuse MBhbeadsi ng the irregularity,

. the head including relatively harder material than the

- surface irregularity; and “increasing tenperature of the

. head so as to reduce a flyi nGSUMMARYOF"EHE INVENTION head suffi cient

- to cause the head to contact the irregularity. . e e .

o Broadly, the present invention concerns the removal of raised irregularities in a

l " magnetic data storage disk by bringing an MR head into c'ontact'with: the relatively softer

| irregularity to abrasively erode the irregularity. The raised irregularity may be part of the
disk itself, such as a manufacturing anomaly, or a foreign material spch as dust or another:
contaminant. The MR head may be brought into contact with the irregularity, for example,
by selectively increasing read biasing current to the MR head to expand the head toward the

disk. Accordingly, one embodiment of the invention involves a method to remove

irregulaﬁties from a magnetic disk surface.

In ancther embodiment, the invention may be implemented to provide a-magnetic disk
storage apparatus, configured to remove irregularitiecs from a magnetic disk surface.
Moreover, still another embodiment is contemplated, providing a programmed product
comprising signal-bearing media embodying a program of machine-readable instructions
| executable by a digital data processing apparatus to perform method stéps for removing
' irregularities from a magnetic disk surface.

The invention affords its users with a number of distinct advantages. Chiefly, the
invention removes raised storage surface irregularities, helping to avoid thermal asperities that
would otherwise be created when the head inadvertently contacts such irregularities during
reading of servo information or user data. Thus, the invention helps td more accurately read
data with an MR head. Advantageously, the invention may be implemented using a typical
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According to still another aspect of the present. invention there is

. provlided a progranmed product conprising signal-bearing nedia enbodying a .

program of machi ne- readabl e i nstfryy 1TS—a table by a digital

processi ng apparatus to perform ng BEEN bovi ng protrusions on a
surface of a data storage disk, s&
detecting a protrusion froma substantialT

rface of the data

storage di sk, said di sk includingta plurality of tracks one of
~which contains the protrusion; and in response to detection of the
s protrusion, performng steps conprising: positioning a

- magnet oresi stive head over the track containing the

. protrusi onMR head) avsidingahe! dedtd foredpatialigdd/ bilralsting eatsr Tak ihvemiohfovides these
f protrusion and further includiing a read el enent having a

magnet or estngt pther gdyantagesgpgidescribed in greater detailbsle™si ng read bias current

~applied to the nagnetoresistive stripe so as to reduce a
“flying height of the head sufficient to cause the head to contact the

protrusion. Accor BRIEFt DESCRIPHION IOF THIDORAWINGS present

rinvention there_is provided a progranmred product conprising signal-bearing
' medi um t angi bl y Thgsdyien gbisctsy apd tages of the invention will become more apparent to

appar at s aoEanal f 63 Ak BERIHEHE iRl BBl delool i EOn B on i,

- a data st othegecsthpdayirppdewings] inoehich dike reforncé mumigrals designate lile! Retsi thebughout,

surface irregularity on a substantially flat surface of the data storage

- di sk, sai dWHPERY ncl uding a plurality of tracks one of which contains the

irregularity; FIFUREai'qs a diagrami 3 bieS Rdward Qorﬂﬁ&?&ﬂ 8Rd Qhtetddfinections of a
perto o) -positioning a

irregularity, rrmng Steps-conprisin

. data access head overmméagietit diskistotupeasyBienint dveordancegwithrthé ¥nvention.
 héad i ncl udi ng rFellG%i vely harder material -thap the surface irregularity;

and

RE 2 1s a side cutaway diagram of a MR head and a magnetic data storage

disk.

FIGURE 3isa programmed product in accord;mce with the invention.

FIGURE 4 is a flowchart illustrating a sequence of method steps to remove raised
ixi'egularities on a magnetic data storage disk in accordance with the invention.

FIGURE 5 isa diagram of a signal created by reading data stored on a magnetic data
storage disk, where the signal includes thermal aspeﬁty caused by unintended
contact between the read/playback head and a raised irregularity of the disk
surface. |

FIGURE 6isa diagram of a signal created by reading the same location on the disk
as read in Figure 5, after the removal of the thermal asperity in accordance -

with the invention.
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I ncreasing tenperature of the head so as to reduce a flying height of the
head sufficient to cause the head to contact the irregularity.

According to still another aspect of the present invention there is
provi ded a data storage apparatus, conprising: . a data storage disk
having a substantially flat disk surface; a head actuator assenbly
. including an actuator armw th a nmagnetoresistive head nount ed
' thereto, said head including a magnetore8istive stripe to read data from
* the di sk surface; and a control unit, coupled to the head
. actuator assenbly, and progranmmed to perform met hod steps to renove
. protrusions on.the disk surface, said nmethod steps conpri si ng:

" detecting a protrusig t he subs i.al ' I.d disk
~including a pl upeﬁT‘? '1%{) E§9&“’&u &)M#)@%ﬁ@@ﬁf@@@m and
©in response to detectlon of the protrusion, perform ng steps conpri sing:

" 4b positioning the nmagnetoresistive head over

. the track containi ng HMRDWARE COMPONENTS & INTERCQNN)ECWKDNS t he head
"including relatively harder nmaterial than the _

_ protrusion; and I ncreasing read blas current

- applied t tRLESh s stripe so as to
' reduce a f L i Bi#tlﬁ#esﬁﬁ%ad sufficient to cause the head .

- to contact the Pnewspest ofithe mvenﬁon concemsACmagnbtiegdadt storage systent 160, whibhcmay

~of the present_invention t I's provided a data Storage at us
" conpri si ngee embodied by varioug hagdwere g%mweahgwgﬁ WQJ h@&rel

di sk surfaggeay example, the system 100 may be embodied in an IBM model 86G9124 disk drive
| (called "Ultrastar"), which is a 3.5 inch, 2.0 Gigabyte disk drive used by the IBM® AS/400°
machine. IBM AS/400 are both regxsteted trademarks of International Busmess Machines
Corporation.

The system 100 mcludes a number of recording/playback heads 105, _mounted
proximate to a like number of disks 107. The disks 107 are centrally mounted to a spindle
109, which is rotatably driven by a spindle motor (not shown). The recording/pleyback heads
105 are attached to one or more actuator arms 111, which radially position the heads 105 with
respect to tracks (not shown) on the disks 107.

A spindle motor and actuator controller 130 provides control of the spindle motor and
actuator arm 111. Each recording/playback head 105 includes read and write elements (not
shown), which are described in greater detail below. The read and write elements are coupled

. to an arm electronics module 113, which includes a number of different subcomponents. A
write current driver 136 which is coupled to the write elements by an electrical connection
103, provides a write current to the write element of the appropriate read/playback head 105
when writing data to one of the disks 107. Write source data comes from a data channel 134,
by way of an electrical connection 115. The data channel 134 is managed by a processor 132
coupled to the data channel 134 by an interface 121. The processor 132 may comprise, for
example, a microprocessor or another suitable digital data processing apparatus.

The module 113 also includes read subcomponents; including an MR bias control unit

140 and a preamplifier 138, both coupled to the read elements by an electrical connection



a head actuator assenbly including an actuator armwi th a magnetoresistive

' head : nmounted thereto, said head including a nagnetoresistive
stripe to read data fromthe ~ disk surface; and a
control unit, coupled to the head actuator assenbly, and programmed to
perform met hod steps to renove surface irregularities on the
di sk, said nethod steps conpri si ng:

. detecting a surface irregularity on the sgibstantially flat disk surface,

~said disk including a plurality .of tracks one of which
contains the irregularity; . and I n

i response to detection of the irregularity, performng steps conprising:

posi ti oni Ry E-SRé-MRABESSHHRA nRVRI0 SulpBlitd 2 ¢éadoBiRd Binémdo!the MR read element of

“irregularity, the head including relatively harder material than the

surface i rtheqappeopriape readéplayback ihead 488 iwhgntreading datar fromf onehef theatisksol 0% The
reduce a f head suffj.ci ent

to cause t%ﬁ’ hgljgxggxﬁoigzr&gqlg{eﬁebx FP@E@I ggpq.l? received fro%rp?he processor 132 over a

- 4c connection 119. Sigrfal¥ Ebn Bth! fedd Fronh Hie RROW NP are amplifieinBy the

nature, objects, and advantages of the invention wll beconme nore apparent

'to those pieamphfieri 138 and then seit tor theatesd deaninelyl 34 evérathe mannegtivet Hi7l edsing the

description in ¢on tion wth jJe acco nyi.ng, draw ngs,. i n ich like
o of ence. FRIMBRASR 11 {hg hrodbsion L2 maneses the arm wbaiel ke of data

Figure 1is a dirggy r 132 a3/ MéRdes ﬁ?iﬂ%&‘fé‘d%t&3a'?&|ckél{a%?_€%ﬂﬁ&§igﬁﬁs%tlﬁa

magnetic di sk stordge systemin accordance with the invention.

| Fi gure 2 i boshdsvige (noft sheayn) ghicly as mpersonaledrhputer, disk contodien tihainframs compuiere
. di sk. ' .

etc.

Read/playback Heads
Figure 2 shows additional detail concerning the structure of an exemplary one of the

read/playback head 290 in relation to a magnetic disk 251. The head 290 may represent any
one of the heads 105, while the disk 251 may represent any one of the disks 107. The
read/playback head 290 used by the invention may employ a known.or novel head
configuration, ﬂepending upon the needs of the applicatior:x. Preferably, the head 290 is
supported on a deposit end of a slider 235. The slider 235 includes an air bearing surface
249, R

The head 290 includes an MR read element 231 (“stripe™), layered between a pair of
magnetic shiel&s 237, 241. Behind the shield 241 lies an inductive recording element
comprised of windings 239, and pole pieces 243/241. '

The air bearing surface 249 flies at a controlled flying height 247 above the surface
244 of the magnetic disk 251. Ideally, the surface 244 has an optimally flat elevation 246.
However,. due to manufacturing irregularities, and/or the presence of contaminants such as
dust, the surface may include raised irregularities 245 that protrude above the optimally flat
elevation 246. As explained above, extreme irregularities may result in a collision between
the head 290 and'the disk 251. Such collisions significantly heat the sensitive MR stripe 231,
introducing errors into the read signals generated by the MR stripe 231.



Figure 3 is a programmed product in accordance with the invention.

. Figure 47is a flowhart illustrating a sequence of nethod steps to renove

- raised irregularities on a nmagnetic data storage disk in accordance
“with the invention. Figure 5 is a diagram of a signal created by
readi ng data stored on a nmagnetic data storage di sk, where the
signal includes thermal asperity caused by unintended cont act

bet ween the read/ pl ayback head and a raised irregularity of the disk
surface. Figure 6 is a diagramof a signal created by reading the
“sanme.location on the disk as read in Figure 5, after the renoval of
~the thermal asperity in accordance with the I nventi on.
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(not shown); are described in greater detail below The read and
wite el enents dreferablyytiechéad 290 asonineludes a geliectivaiy duotivatdd Reatisy elbmenc250 €or

a nunber of different cogpopnents. A Wi current .driyer 136 which_is
coupled to hFﬂé“B/ﬁ'!et léeaéf?r%e nﬁe g‘ﬁatéﬁg %@B@PP #godfnaé’ cﬁﬂ'i‘é‘?fﬁeo}‘f’r example, a carbon film

resistive material such as a thin film resistor, surface mount resistor or nichrome wire coil to

evenly heat the head 290. Alternatively, the hearing element 250 may comprise another heat

- generating means-employing electrical, mechanical, chemical, or other suitable heat generating
components and teéhrﬁqugs. By heating the head 290, the heating element 250 causes the
head 290 to expand and thus protrude toward the disk 251.

_ OPERATION
In addition to the various hardware embodiments described above, a different aspect
of the invention concerns a method for operating an MR head to remove raised irregularities

on the surface of a magnetic data storage disk.

Signal-Bearing Media

Such a method may be implemented, for example, by operating the data storage
system 100 to execute a sequence of machine-readable instructions. These instructions may
reside in various types of signal-bearing media. . In this respect, another aspect of the present

invention concerns a programmed product, comprising signal-bearing medium embodying a



103, provides a wite current to the wite elenent of the appropriate
read/ pl ayback head 105 when witing data to one of the disks 107. Wite
source data cones froma data channel 134, by way of an electrical
connection 115. The data channel 134 is managed by a processor 132 coupl ed

- to the data channel 134 by an interface 121. The processor 132 may

conprise, for exanple, a mcroprocessor or another suitable digital data
processi ng appar at us. The nodul e ¢13 al so i ncludes read

. subcomponents; including an MR bias control unit 140 and a preanplifier

| 138, both coupled to the read el ements by an el ectrical connection

- 6 1017 The MR bias control unit 140 supplies a read bias-current to the
. MR read el enent of the appropriate read/playback head 105 when readi ng data

from one ofspdghsin &f Hhachif¥lreaditsle ktRictions; wxeaunhible dyredigial datalprocssdrr ol perform
signals received fromthe processor 132 over a connection 119. Signals
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S

represent any one of the disks 107.

e read/pl ayback head 290 used t he

" invention QORI napen "punshil @rdmovamﬂ&@abbhﬂir@méiadnﬂ@weﬁmsg%‘b media
‘th ds of £h (i catd on, f . h & .6 ‘o
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- 249. embdEmRREGf 3RO inventitic Sthe nmidhine asidsble rstuctivhs (thay rdopprise lines of
‘layered between a pair of magnetic shields 237, 241. Behind the shield 241

li es an i ndoopiled "CGdenguags eoderrent conprised of windings 239, and pol e
' pi eces 243/241. - The air bearing surface 249 flies at a controlled
' flying height 247 above the surface 244 of the magnetic disk 251. Ideally,

‘the surfatqyd4di Rueite U Op&ativn f | at el evation 246. However, due to
~manufacturing irregularities, and/or the presence of contami nants such ag
‘dust, the ‘surfackigmesy 4 showsie seguencs of methodastens 400 taSllusieate oneexample pbjke
‘the optimal ly.flat el evation 246. exil ai_ned .ext . sl
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1251, Such Gatehiiéd Gittelsy, dhé EeqRhte 400 @9 dedctiBed B tiet dontextiBf thé iidgneticl data storage
iintroducing errors into the read si gnal s _generated by the MR stripe 231.

: system 100 and. read/playback head 290 described above.

After the steps 400 are initiated in task 402, the processor 132 in task 404 detects an

irregularity on.the surface 244 of the disk 251. As an example, the irregularity may be

present in user data stored on the disk 251, or in-servo data stored on the disk 251. In one
embodiment, the irregularity may be found by detecting a thermal asperity in a read (or
servo) signal output .by the data channel 134. To aid in locating the irregularity, the system
100 r-ﬂé.y also reference an “error log", which is a record listing errors occurring in the system
: 100.

Figure 5 shows an exeinplary read signal containing a thermal asperity 500. In
contrast, Figure 6 illustrates a read signal corresponding to the same disk location, with the
1 : - thermal asperity 500 having been removed in accordance with the invention. The shape of

a typical thermal asperity is therefore revealed by comparing Figures 5-6. To identify such



7 Preferably, the slider 235 is made froma hard ceramc
material., such as AlO[err], TiGA [err](Jerr] (known as "N58"), silicon

car bide, or zirconiumoxide, or a non-ceramc material such as silicon

Non- conducti ve conponents of the head 290 may be forned-from al umi na or
anot her suitable material, whereas the conductive conponents may be nmade. of
a magnetic material such as-iraon-nickel conbination or another appropriate;
material. Preferably, the slider 235 and9head 290 are coated with a uniform
overl ayer (not shown), such as a carbon- based material, to protect the
head 290 and slider 235 from wear, contam nation, and damage. In accordance
with the invention, material of the head 290 is preferably harder than
material of the disk 251 as well as contam nants and other materials on the
di sk 251 that nmay cause thermal asperities. Preferably, the head 290
al so includes a selectively activated heating el enent 250 for heating the
head 290. aT'&?erH%‘tab tzl ANRSk 4030 predefiedRIiteR, nfag b ¥ppIRideto sighas RIFhEidam
resistive material such as a thin filmresistor, surface nount resistor or
ni chr ome whasenelol34. tSudventeylahﬁmexmlhetaab’ mdwvmaml ofcthy readnsighal cagaingt

el ement 250 nmay conpr.i anot her at ner ans | oyi n .

' electrical? “\magﬁﬁu%fhm%'fmq%ﬂ Q%Pfepr rég ﬁﬁ%‘?ﬁ %%&Pﬁ&m signal
. conponent tdrRgiani ques. By heating the head 290, the heating el enent 250
. causes the ead 290 to expand and thus protrude toward the disk 251.

 OPERATI ON .Having detdéted anraised freegnlarity s thsk 40dy ﬁleesmndllermqtos ahdsactudtor
~ab di ff t of, th t d t
2nOWR heacroriroligndi Paperat xprtraicg"{hé?{&téo%“ B oy B Yo 230, e e ok

- data stor agmufhin- edéeaaﬁ tyJANRL ask 406, the head 39D & ISIB ?ﬁ%{&%&%&t with

i nplenmented, for exa perat| ng the data st orage

- execute a theqxregdentyr 4ﬁatma ivelyogpioveithe mmnlardm%STh'Ehts maysber performed inay
' reside in var w stof signal -bearing media. In this respect, another
- aspect of YAt i on concerns a programed product, conpriSing

. signal - bear'l ng m&%mméy tHROMR bias contro] unit 140 may increase the read bias current
: 8 program of. machi ne-readabl e i nstructions, executable by a digital .
-dat a procesdheiently farrthohead 290 to increase its contact with the irregularity 245, as shown by task
408. It is believed that sufficiently increasing the read bias current causes an increase in head
temperature, resulting in a protrusion of the head 290 toward the disk 251.

In the IBM Ultrastar disk drive, for example, this may be achieved by raising the read
bias current from 10 rmlhamps to 17 milliamps. This causes a head protrusion of about 5-10
nanometers. Contact between the head 290 and the irregularity 245 has the effect of
abrasively burnishing the irregularity 245 each time rotation of the disk 251 brings the.
irregularity pas:t the head 290. This is because the head 290 is relatively harder than the

irregularity 245, as discussed above.

The increased read bias current is preferably maintained for a sufficiently long ti._me
to permit the head 290 to heat, and then for multiple revolutions of the._disk 107 to occur.
For example, the incréased read bias current may be maintained for about 5 seconds.
k It may also be advantageous during task 408 to éngage the write current driver 136
| to increase the head’s write current, as if performing a write operation. This further heats the
head 290, beyond the heating caused by the mcreased read bias current. And, further heating
of the head 290 causes the head 290 to further protrude toward the raised irregularity 245.
In some cases it may be desirable to avoid the write current driver 136, however, to avqidj

. overwriting any valuable data residing-on the-disk 251:



met hod steps to renove raised irregularities froma magnetic data storage

di sk. : The signal -bearing nedia may conprise, for exanple, RAM

contained within the processor 132 or armel ectronics nodule 113.
Alternatively, the instructions may be contained in other signal-bearing
medi a .such as one or nore nmagnetic data storage diskette 300 (Figure 3), ,
DASD storage (e.g., a conventional "hard drive" or a RAID array), magnetic-

‘tape, electronic read-only nenory (e.g. RoM, optical storage device (e.qg.
~CDROM or WORM), paper "punch" cards, or other signal-bearing nedia

~including transm ssion nedia such as digital and anal og and conmuni cati on

links and wireless. In an illustrative enbodi rent of the invention, the

-machi ne-readabl e instructions nmay conprise lines of conpiled "C' |anguage
. code. Overal | Sequence of Operation Figure 4 shows a sequence of
“met hod steps 4%k taa altémativate taske 408aoplas af ehlamcemehio thezstpe taskof09 hray be

present invention. For ease of expl anatjon, t wthout any limtation .
i nt ended PREPENGA to Fasesiby (emperag of dhesberd: 1‘%593% thenheatingelsmensr 230y eSimilar

TRgneti ¢ ENACKEE AR SHRLEH SR BRiERARIRYD AR bANEE TRE HERPIS0 inig

~above.

st eps Inftirated 1n tas e processor

1132 i n t askntAtdwitle theditsgularityi 245¢ gbrhasively pumishingethelinfegalarify 24 5 tadhhttmeiretation
'251. As an _exanple,..the irregularit y be . pre t in user data stored on
t he di sk ?ﬂﬁeg}g{(iﬁls@% éﬁgﬁeﬁlﬁéﬁﬁﬁﬁg‘%ﬁ?ﬁ%i. In one enbodiment,

the irregutarit ' %glﬁ € fiial r o i r r
. servo) siggnal J’&’t‘%’_‘%y t gbg’a?ga gﬁagnﬁfgk 153.& '?% r%ﬁ&fggg%{?lng&v?ﬁé%q 62 N
“i rregul ar idefectivdrsector 3¢ read agaif. rQuery i theafdetemmines avhether the bumighing\of task i468a
record listin (ors occurri ,n the . system 1Q0. igure 5 sho

- exenpl 318 UG A oReiaye: B Sertat IREPHERY s Jerioh, tadh AOWAT aip eRced
-Figure 6 | LAt S ' | i I I @8,
i th the ORERHES Bividy CBRGyRl M tm Y A0 O BrOcAS R Rk A1 PR, B0

“inventionseqience40Pends.. a typical thermal asperity is therefore reveal ed
'by conparing Figures 5-6. To identify such
9

a thermal asperity in task 404, predefined criteria may be applied

‘to signal g &ife ThRhfigadannel 134. Such criteria, for exanple, may include
.eval uatio gnal agai nst a maxi mum anplitude, nmaximm
tfrequency, predfdesirednthe operptioh of ithpsequanct/ 400 piafide enhgnedd inhanamber oS ways .

Yo e s e o BB e o 836 R o e B0 A v
‘read/ pl ay 62K 98 dnct Bl G Bl Adon 8 St fik o SlgoRlor SO BB Y

After task 4 t he he

rought “into contact wmth The i1rregularity
245 t o abrAamither tschnizue v@ enbiance thedpunishing pctivhsof task 408rinwalreeseafing theddisk 251

nunber of differe ways, . .. As one exanpl e, .t he MR bi,as control, unit
140y 1 opisa the M inmeylarity, Sesne B8 IRgularity'ts prowial Toward e neld 'n-

addition to the enhancement of task 408 with the foregoing techniques, it is contemplated that .

one or more of these techniques may be used instead of increasing the head bias current in

suitable applications. Moreover, a wide variety of other techniques or components for heating
the head 290 and/or disk 251 may be employed without departing from the purview of the

present invention.

OTHER EMBODIMENTS
While there have been shown what are presently considered to be preferred
embodiments of the invention, it will be apparent to those skilled in the art that various
changes and modifications can be made herein without departing from the scope of the

invention as defined by the -appended claims... For-example, although.this. disclosure_has.



sufficiently for the head 290 to increase its contact with the irregularity .
. 245, "as shown by task 408. It is believed that sufficiently increasing the
‘read bias current causes an increase in head tenperature, resulting in a

‘protrusion of the head 290 toward the di sk 251. In the | BM
Utrastar disk drive, for exanple, this may be achieved by raising the read
'bias current from10 millianps to 17 mllianps. This causes a head

. protrusion of about 5-10 nanoneters. Contgct between the head 290 and the
‘irregularity 245 has the effect of abrasively burnishing the irregularity
245 each time rotation of the disk 251 brings the irregularity past the
head 290. This is because the head 290 'is relatively harder than the
irregularity 245, as discussed above. The increased read bias
current is preferably maintained for a sufficiently long tinme to permt the
. head 290 to heat, and then for nultiple revolutions of the disk 107 to
"occur. ForemaRigngd anagnetic diskediives fer¢xpianatony puepusesyathebnvention &5 nechetlrless

“about 5 ' |t | t dyring task 408 t
ngage t neIcRble:th bt stabaebsioss PR TACRR R Smolty d” sl e et tape

ras if perfgsistemy a wite operation. This further heats the head 290, beyond
‘the heating caused by the increased read bias current. And, further heating
~of the head 290 causes the head 290 to further protrude toward the raised
iirregularity 245: In sonme cases it nmay be desirable to avoid the wite
ccurrent driver 136, however, to avoid overwiting any val uabl e data
‘residing on the disk 251;

10 As an alternative to task 408, or as an enhancenent thereto,
‘task 409 may be perforned to.raise the tenperature of the head 105 using

t he heating elenent 250. Simlar to task 408, this causes a small but
significant head protrusion bringing the head 290 into contact wth the
irregularity 245, abrasively burnishing the irregularity 245 each tine
‘rotation of the disk. 251 brings the irregularity 245 past the head 290.

- Fol I owi ng task 408, the read bias current is returned to normal |evels, and
the defective sector is read again. Query 412 then determ nes whet her the
 burni shing of task 408 was sufficient to renpve the detected irregularity.
:If not, tasks 408/ 410 are repeated. O herw se, having renoved the
irregularity, query 412 proceeds to task 414, where the sequence 400 ends.
Enhanci ng Techni ques | f desired, the operation of the sequence 400
.may be enhanced in a nunber of ways. For exanple, during task 408 when the
.read bias current is boosted, the head 290 hay be directed to increase its
“burni shing action by shifting off-track, noving from side-to-side. Another
techni que to enhance the burnishing action of task 408 invol ves heating the
di sk 251 containing the raised irregularity, causing the irregularity to
-protrude toward the head. In addition to the enhancenent of task 408 with
‘the foregoing techniques, it is contenplated that one or nore of these
“techniques nmay be used-instead of increasing the head bias current in

' sui tabl e applications. Mreover, a wde variety of other techniques or
-conponents for heating the head 290 and/or di sk 251 may be enpl oyed wit hout
departing fromthe purview of the



present invention. OTHER EMBCDI MENTS
Wi lI'e there have been shown what are presently considered to be preferred

enbodi nents of the invention, it wj t hose skilled in the
art that various changes and nodi f THIS SHEET HASIBE e herein without
departing fromthe scope of the in entlcRERu\cEBfl ned by the appended

clains. For exanpl e, although this darscrosore—as—I enpl oyed
magneti c di sk drives for explanatory purpgeses, the invention is nonethel ess
applicable to other storage systens where MR heads are enpl oyed, such as
magnetic tape systens.

12 thod for
renovi ng protrusions on a surface of a data storage d !MI‘L the
- steps of: detecting a protrusion froma substa face

- of the data storage disk, said di sk including a plurallty of "tracks
. one of which contains the protrusion; YGAIMS in response to-detection
. of the protrusion, performng conprising: positioning a

' magnet or esi stive head over the track contai ning the
_protrusion, the head including relatively harder material than the
- protrusion ' and further including a read el enent having a

- magnet or ey St i &R sibfHoBSfor 3Bfhoving protrusions on a surface of a magnetic data storage disk,
comprising the steps of:
detecting a protrusion from a substantially flat surface of a magnetic data storage disk,
said disk including a plurality.of concentri_é tracks one of which contains the
_ protrusion; '
in response to detection of the protrusxon, performing steps comprising:

' positioning a magnetoresistive head over the track containing the protrusion,
the head ihcluding relatively harder material than the magnetic data
storage disk and including a read element having a magnetoresistive
stripe; and

increasing read bias current applied to the magnetoresistive stripe.

2. The method of claim 1, the step of increasing read bias current comprising the steps
of increasing read bias current until the head has a decreased flying height relative to the disk,
said flying height being sufficiently small to position the head away from the disk surface

| while ensuring contact with the protrusion upon adequate rotation of the disk.

3. _The thethod of claim 2, further comprising the steps of rotating the disk sufficiently
to reduce protrusion of the protrusion from the disk surface through abrasive contact between

the head and the protrusion.

4, The method of claim 1, the detecting step comprising a step of identifying a thermal

asperity in a signal representing user data read from the disk.

. This Sheet Has Been Reﬂlaced




increasing read bias current applied-te-the nmagnetoresistive stripe so as
to - : reduce a flying h of the head sufficient to cause
the head to contact the "&i@ mﬂmm,”z The met hod of
claim1l1, the step of increasing r ea nprising the step of

I ncreasing read bias current until the head Has a decreased flying hei ght
relative to the disk, said flying height being sufficiently small to
position the head away fromthe di sk sufdace while ensuring contact with

. the protrusion. 3. The nethod of claim1, further conprising the step

. of rotating the disk sufficiently to reduce a height of the protrusion

. through abrasive contact between protrusion. 4. The

- nethod of claim3, the rotating rﬂﬂSdﬂﬂEﬂ E%tatlng the disk multiple
: times, the protrusion and the he abr&EPh&¢ﬂDcon acting each other during
- at least one of said rotations. k&= he method of claim3, the rotating

t | t t
5, COMPrA St NITHE Wi Pbed Uttt AU LB 3 k) BF ko e
- i ncreasi ngasprityhin aergﬁabrexpsesentmglsenvormeéadcmwmsthefdiskng the head laterally

wWith respect to the track containing the protrusion. 6. The net'hod of
~claiml, the detecting step conprising a step of identifying a thernal

~asperity ig as NgheU Lhe

rothod of 91 ai g MehRPOLARE 17 the BALotHY ded ElpliHT s 16 Pl Rentiffing, o ghifRa
. ther mal asgspetityyinian cutitgignal crepted dynicadipg &lata/ﬁodﬁﬂﬁ dlﬁaﬁyfalppm:hg‘l préﬂeféi-nuned
' 8. The nethod of claim. 1, the detecting step conprising a step of

Cidentifyi ngmanattﬂé%avtpagﬁ'@pﬂy in an output signal -created by reading data
~fromthe disk by applying

7. The method of claim 1, the head being mounted to an actuator, the positioning step
comprising steps of pivotally moving the actuator arm to align the head with the track

containing the protrusion.

8. The method of claim 1, the rotating step rotating the disk multiple times, the
protrusion and the head abrasively contacting each other during at least one of said rotations.

9.  The method of claim 1, the rotating step comprising rotating the disk through multiple
rotations, the method further comprising the steps of, during rotation of the disk and
increasing of the read bias current, repeatedly shifting the head laterally with respect to the
track containing the protrusion.

10.  The method of claim 1, the head including a write componeht', the method further
comprising the steps of: .
“during increasing of the read bias current, applying a predetermined level of current

to the write component.

11. A method for removing surface irregularities on a magnetic storage disk, comprising

the steps of:
_—
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predetermned criteria to the ouicpu{ —stghal—9—— The nethod of claim1,

t he -head-bei ng nounted to an actuy n| ng step
conprising steps of pivotally m) i' m "m armto align the head
with the track contai n| The met hod of

- claim1l, the head including a wite conponentthe nethod further

. conprising the step of during increasing of the read bias current, applying
- a predeterm ned | evel of currenfgto the wite conponent. °~ 11. A
. method for renoving surface irregularities on a data storage disk

. conprising the steps of:

ace irregularity on a

detecting a_s

- substantially flat surface of the d RAS BEEN | ~ di sk, said disk
~including a plurality of tracks one Eﬂ'“ ?g Btalns t he |rregular|ty
and in response to detecti§n of E‘ |ty, perform ng steps
conpri si ng:

: 0 a da CGEeS

' containing the AftesHng & W?agq H-éegu?anty o 2 b Safl ‘ﬁ@agaP ?ﬁf’ é‘ﬁ%rﬁet{’:e{fva
~harder materi al thansfop% Sdiﬂé, I SiHdhg BYpludif) of t tracks one of which
~increasing tenperatur §ﬁﬁa%f§ gek 3 of gqnosntric i
' head sufficient to c&umamshheha'agulanty;candact the irregularity.

L 12. The net hod of clalm dlnludln netoresistive stripe,
“the step of In response t°| ?fg&éﬁ'ﬁ% R () Bg'éfan?‘ﬁg ﬁ?@é&%&ifﬁ&’gper f or med
- by increasing read b'p%§1tﬁﬁ§ﬂgegtdaﬁ09ede§§i§ead over the track tOnthidtng the n’regulanty, the
- magnet oresi stive-str

~head including a wite el dradtnclodingstlzfivelly hander goaterig] than the surface 1rregular1ty,

. tenperature of the head bei lag per f or med by increasing wite current applied
to the wite :

so as to reduce a flying height of the

e net hod of claim11,

increasing temperature of the head.

liZ. The method of cle.im 11, the head inclﬁding- a magnetoresistive stripe, the step of
heating the head being performed by increasing read bias current applied to the
magnetoresistive stripe.

13.- The method of claim 11, the head including a write element, the step.of heating the

head being performed by increasing write current applied to the write element.

14.  The method of claim 11, the head including a heater element, the step of heating the-
head being performed by activating the heater element.

15. The method of claim 11, the step increasing temperature comprising the steps'of
increasing temperature of the head until the head has a decreased flying height relative to the
disk, the flying height being sufficiently small to position the head away from the disk surface

while ensuring contact with the irregularity upon sufficient rotation of the disk.

16. A programmed 'product comprising signal-bearing media embodying a program of
machine-readable instructions executable by a digital processing apparatus to perform method
steps for removing protrusions on a surface of a magnetic data-storage disk, said method steps

comprising:

—_—
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el ement . 14. The met hod of claim 11, the head including a

. heateer elenent, the step of incregsisg =t enperature of the head
© bei ng perforned by activating the h‘H-HSESHEEITéMBlBEEN 15. The
met hod of claim 11, the step of irfcreasREBLAGEDper at yre of the head
conpri si ng " the step: FrereasTTgtenper at ure of the head

until the head has a decreased flying height Mﬂﬁ u L
- disk, the flying height being sufficienthg small to posi: t““mmmu I
fromthe di sk surface while ensuring contact with the i rregul®ar ty

- 16. . A progranmed product conprising signal-bearing nedia enbodying a

pr ogr am of machi ne-readabl e i nstructions executable by a

. digital processing apparatus to perform met hod steps for

. renoving protrusions on a surface of a data storage di sk, said nethod

| steps conprising: detecting a protrusion froma
~substantially flekctingrd{ ptrusion fften daubstaitallpdiat slirfdce of @ilagnetic data storage disk,
.- di sk including a pIurallty of tracks one of which contains the protrusion;

' and sk inslysing @ pluralitst ef consentgic tracksmmstafushish, contains the
' perform ng steps corrpr|t5| R posi tioning a magnetoresistive head over the
. track containing t he PFO rusx%f ’otrusion, the head including relatively harder

- material than tjerdapehdetd dilection of the protrusion, performing steﬁé‘éoxﬁj#iﬁhg*
.including a read el enment having a nmagnetoresistive stri

“increasing read bi as pesitioging amﬂgme@r@mttvndlen@@m&eetsa Wsmgltpe pgotrusion,

‘to reduce I h ead uf.fl to caus
- the head to contact the tﬁe e\édr}ﬂ(ﬁﬁl }%{Vfi}' ﬁﬁrﬁ n’f;e tﬁ?fér&ber

~product of claim 16, the shén @Hlskrﬁfdeiﬁﬁluﬁﬁlgr@?&df&l&ﬁeﬂﬁdvﬁg an@lmétoiéﬂ&we
the step of increasing read blas current until the head has a decreased

flying hei ght relative t steipes amdsk, said flying height being sufficiently
SRR po§| tiont h%n&%&?ng read b1as current applied to the magnetoresistive stripe.

17.  The programmed pfoduct of claim 16, the step of increasing read bias current
comprising the steps of increasing read bias current until the head has a decreased flying:
height relative to the disk, said flying height being sufficiently small to position the head
away from the disk surface while ensuring contact with the protrusion upon adequate rotation
of the disk. '

18.  The programmed product of claim 17, further comprising the steps of rotating the disk
sufficiently to reduce protrusion of the protrusion from the disk surface through abrasive
contact between the head and the protrusion.

19.  The programmed product of claim 16, the detecting step comprising a step of

identifying a thermal asperity in a signal representing user data read from the disk.

20.  The programmed product of ‘claim' 16, the detecting step comprising a step of

identifying a thermal asperity in a signal representing servo data read from the disk.

\
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| step of
read fromthe disk. - 16 24. The progranmed product of clai m 16,

- the detect risi ste | f a thernal r
an out put S gnalBE BREEmEe BRdRHOE Sy 6 the Héta@?'gkﬂs@ SoREISpih e Steps of
; predetermm the out put signal . The programred product
' of claim 16, 'f?:aﬂﬂ% J@Bg{l}ﬁg nounted to an act uator the positioning step
. conpri sing steps of pivotally mpving the actuator armto align the head

away fromthe di sk surface while ensuring contact with the protrusion. 18. -

. The ‘progranmed product of claim 16, fgrther conprising the step of rotating

ot rusi on from the disk
nd the protrusion. 19.

the disk sufficiently to reduce a h )
surface through abrasive contact|RaigGHEET HA

"~ The programmed product of claim 1§, theRpRUASEPN p conprising the steps

of rotating the disk nultiple ti . he progranmed product of
claim18, the rotating step corrprlsmg r06at|ngthe di s I II

the protrusion and the head abrasively contacting each: EH“M”M“ mn mnl

| east one of said rotations. 21. The programmed produtt ®f tcl &i n? 18},
the rotating step conprising rotating the disk through multiple rotations,

- the method steps further conprising the step of, during rotation of the
. disk and increasing of the read bias current, repeatedly shifting the head

with respezt. t Fhehprogramiedoprodict of ddim péotheudetocting 3fp compésimgograaprmf

. duct of, cl 16,, the detect t t tify
therm) a Cigentiie A thereing PRpeT PR ANPHG B TRy SR dafa oMy Relaiae o)

The @gﬂﬁg;ﬂ?ﬁ&bﬁﬁﬂwhﬁnﬂ@ﬂ@&&u&gﬂaﬂet ecting step conprising a

ermal asperity in signal representing servo data

23.  The programmed product of claim 16, the head bemg mounted to an actuator, the
positioning step comprising steps of pivotally moving the actuator arm to ahgn the head with
.the track containing the protrusion.

24.  The programmed product of claim 16, the rotating step rotating the disk multiple
times, the protrusion and the head abrasively contacting each other during at least one of said

rotations.

25.  The programmed product of claim 16, the rotating step comprising rotating the disk
through mulﬁple rotations, the method steps further comprising the steps of, during rotation
of the disk and increasing of the read bias current, repeatedly shifting the head laterally with
respeet to the track containing the protrusion. |

26.  The programmed product of claim 16, the head including a write component, the
method steps further comprising the steps of:
during increasing of the read bias current, applying a predetermined level of current

to the write component.

27. A programmed product comprising- signal-bearing medium tangibly embodying a

program of machine readable instructions executable by a digital processing apparatus to
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with the track containing the protrusion. 26. The progranmed product of
, clai'm 16, the head including a wite conponent, the mnmethod steps further
conprising the step of, during increasin : B@ﬁi' bi as current,
appl ying a predeterm ned | evel of um\@rﬁH'&EJ I tte conmponent. 27. A
programed product conprising signa -bearﬂEﬁ'gAG%Qii angi bl y enmbodying a
program of machi ne readabl e i nstructd €cut abl e by a digital processing
- apparatus to perform method steps for repoving surface—irregurarities from
a data storage disk, said nethod steps conprising:- [ L
~surface irregularity on a substantially flat surface of‘mm‘m‘mumlnm
- disk, said disk including a plurality of tracks one of I'ech contai hs % he
irregularity; and in response to detection of the"
irregularity, perform ng steps conprising: positioning a data

; access he r C I 1 ' ' . .
- head i ncl ?%ftﬁé%r%%tgﬁ \E/téﬁsf/ﬁ{al%&?ar_ '"%?‘grrf %%ﬁrﬂ[eﬁgl%ﬁ'{l hgﬂgﬁ 5%:1 |eF“r: éiatlfl %t(r)falg?;dls}(’
and said method fiegseesthpigsihgnper at ure of the head so as to reduce a

~flying height of the . head suffjcient tqo cause the head to
contact the irrdgjacting eysurfags irregwlagity asgn Shhetantiallydflat serface of s magneticedata

“head ol uding 2 TROBRLAESRAC UGN HcFiing hMualiEPoP Lodd B RABAN gne of which:
29

tenperature of the head®0eing pe ng rea curren

~applied to the nmagneteutainsthe hieegilaritye and 17 The

- programed product of claim27, the head incl udiﬂ%g awite elenent, the
0

step of increalfl Fegpensgiedetaction i the drreguleritye perforaing eRSCOMPIIStE easi ng

wite current applied..: e |t t Ch..’

o ciaim 2y the neaforiiSplia ' el HE over te pck Sopliit BEEARIRY the

head including relatively harder material than the surface irregularity;
and | '

increasing temperature of the head.

28.  The programmed product of claim 27, the head including a magnetoresisti\}e stripe,
the step of heating the head being performed by increasing read bias current applied to the

magnetoresistive stripe.

'29.  The programmed product of claim 27, the head including a write element, the step of

heating the head being performed by increasing write current applied to the write element.

30. . The programmed product of claim 27, the head including a heater element, the step
of heating the head being performed by activating the heater element. '

31. ""Thé programmed product of claim 27, the step increasing temperature comprising the
steps of increasing temperature of the head until the head has a decreased ﬂyitig height
relative to the disk, the flying height being sufficiently small to position the head away from
the disk surface while ensuring contact with the irregularity upon sufficient rotation of the
disk.
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of increasing tenperature of the head being perfornmed by activating the

“heater elenent. 31. The programmed product of claim27, the step of

i ncreasing tenperature of the head conprising the step of increasin
‘tenperature of the head until the head has a decreased—Ftyi el ght
relative to the disk, the flying height being sufficjen : ““
cposition the head away fromthe disk surface while ens%‘“‘ﬁ“ﬂ“‘““\w
'the irregularity. 32. A data storageigpparatus, conphl'Sknge * ¢ * a
;data storage disk having a substantially flat disk surface;~——"" a head
actuator assenbly including an - EQEN. magnet oresi stive head
~mounted thereto, said head incl Ujli é%gggoresi tive stripe to read data
ifromthe di sk surface; afpd. co | unit, coupled to the
. head actuator assenbly, and programed to perform nmet hod steps to
‘renove prot3aisi oAsmagndtidaiath Stordfperdppafatuss sbfpiikihgod st eps

-conpri si ng: . detecting a protrusion fromthe substantially
flat disk surfacemagapic datgistorage disk having a sybstantially flag disk suafacesy of tracks -

Getection of ¢ et el LA SsHBTENGRE ap cctsigs v gt B MEBRRERGSER: head

- posi tioning the magnehwiuatddstheystoead hexd indhiding aomisghdtoiedistive gtripeto read data
~protrusion, the head incl Udlsur.:ng rel atively harder material than the .
‘protrusion; and ' .  fromgthe surface and create a read signal representativg thereafathehiend being

ourtent abplL . 0 L HAUEL AR St Rl B2 g8 g, spemens b
: an magnetoresistive stripe; and
a control ﬁnit, coupled to the head actuator assembly, and programmed to perform
method steps to remove protrusions on the disk surface, said method steps
comprising: _
detecting a protrusion from a substantially flat surface of a magnetic data
! storage disk, said disk including a pluraﬁty of concentric tracks one of
which contains the protrusion; )
in response to detection of the protrusion, performing steps comprising:
positi'oning a magnetoresistive head over the track containing the
protrusion, the head including relatively harder material than
_ thé magnetic data storage disk and including a read element
having a magnetoresistive stripe; and
increasing read bias current applied to the magnetoresistive stripe.

33.  The apparatus of claim 323 the step of increasing read bias current comprising the
steps of increasing read bias current until the head has a decreased ﬂyiﬁg height relative to
the disk, said flying height being sufficiently small to position the head away from the disk
surface while ensuring contact with the protrusion upon adequate rotation of the disk.

34.  The apparatus of claim 33, further comprising the steps of rotating the disk sufficiently
to reduce protrusion of the protrusion from the disk surface through abrasive contact between

the head and the protrusion.
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to contact the protrusion. 33. The apparatus of claim 32, the step of
. increasing read bias current conprising the step of increasing read bias
current until the head has a decreased flying height relative to t he

di sk, said flying height being sufficiently small to positien—the hiead away
fromthe disk surface while ensuring contact with the o ﬁ“\ i
. The apparatus of claim 33, further conprising the step ﬂ‘m “‘M\‘\M
- di sk sufficiently to reduce a height ofgthe protrusion erdi §k *
- surface through abrasive contact between the head.and the protrusion.
- 35. . The apparatus of claim 34, the rotating—step Tomprising rotating the
~disk nmultiple times, the protrusio WSSHEET‘ B sively contacting
- each other during at | east one of shi d r RERLAGHT. 6. The appar at us
- of claim34, the rotating step conpri &+ Tng the disk through _
multiple rotations, the nmethod steps further conprising the step of, during
. rotation of the di sk and increasing of the read bias current, repeatedly
shifting t3s% henbe lappatis of vlairh 32,rthe pietdcting stéye compeisingoa tstepnof gdenkifying a
pr ot rusi on, 37. _The apparatus of_  claim32, t %idet ecé.i Qg step

~conpri si nghermal aspesity ilp @nyignalirapresenting isendpta L o, thedigk i gnal

' representing user data read fromthe disk. 38. The apparatus of claim
32, the detecting step conprising a step of identifying a thernal
asperity i3g.a sTHealppaspisesf olaimg32;ethecdatedtingr stepl comprisingea ditepk of idegifying a
The apparatus of claim 32, the detecfing step conprising tep of

i dentifyi rijermal aspesitydn axsigaali representing %‘&Y%ﬁ%taﬁ QO%H&&QQ by reading
“data fromthe di sk by applying predetermned criteria to the output

si gnal . 19 40. The apparatus of claim 39, the output

si gnal cor3RspomTie nppatatusof cliiina32t theedetecting step comprising a step of identifying a

thermal asperity in an output signal created by reading data from the disk by applying

predetermined criteria to the output signal.

QrTY

38.  The apparatus of claim 37, the output signal corresponding to user data stored on the
disk. ' '

39.  The apparatus of claim 37, the output signal corresp‘oﬁding to servo data stored on the
disk. |

40.  The apparatus of claim 32, the rotating step comprising the steps of rotating the disk

multiple times.
41.  The apparatus of claim 32, the disk surface having multiple protrusions.

42.  The apparatus of claim 32, the protrusion comprising a contaminant foreign to the
disk.

| 43.  The apparatus of claim 42, the contaminant comprising dust.
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the disk. 41. The apparatus of claim 39, the output signal corresponding
'to servo data stored on the disk. 42. The apparatus of claim32, the

rotating step conprising the steps of rotat disk multiple tines.

43. The apparatus of claim32, t \}EEDt he p) B??umﬂnlm"mlmmum |

protrusions. 44. The appar at us
445. paratus of ¢lafm44™the *

.contam nant foreign to the disk. .
e aggparatus of claim 32, the head

‘contami nant conprising dust. 46.
bei ng nounted to an actuator, the positioning step .conprising steps of
pivotally noving the actuator armto align the head with the track
~containing the protrusion. 47. The apparatus of claim 32, the head
including a wite conponent, the nethod steps further conprising the step

of , duri ng4, ncrersapgparadls éfhdlainf szl té ﬁ&adctb&iﬂfeﬂbunté@w ¥ Budtor, Rh€ B64iA6MnE Gtkp
level of current to the wite conponent. 8. A data, storage apparatus,
conpr i si ngeomprising stepsdeff pivetallyamevinesthenagimater arm psalign thet heads pagh dhestack

surface; . - q agl uat or assenbly including an actuator armwth a
magnet or es(‘ioﬁalwllggﬁggggo fon. mounted thereto, said head including a

‘magnet oresistive stripe to read data fromthe di sk surface; and
‘a control unit, coupléd to the head actuator assenbly, and Erogramred to
S,

‘perform 45  Thewpparasisept claimr Brdhe retingsien rotating the disksmaliiplen mass ke
said met hoﬁ’m&&s‘?&f and the head SOABLI 'cggt:acting -each other during at least one o%%aid rotations.

46. The apparatus of claim 32, ‘the rotating step comprising rotating the disk thrdugh
multiple rotations, the method steps further comprising the steps of, during rotation of the
disk and increasing of the read bias current, repeatedly shifting the head laterally with respect
to the track containing the protrusion.
47. Ti1e apparatué of claim 32, the head including a write component, the method steps
further comprising the steps of:

. during increasing of the read bias current, applyiﬁg a pre;l_c_*.tennined level of current

to the write component.

48. A magnetic data storage apparatus, comprising:

a magnetic data storage disk having a substantially flat disk surface;

a head actuator assembly including an actuator arm with a magnetoresistive head
mounted thereto, said head including a magnetoresistive stripe to read data |
from the surface and create a read signal representative thereof, the head being
of relatively harder material than the disk and including' a read element having

| an magnetoresistive stripe;. and

a control unit, coupled to the head actuator assembly, and programmed to perform
method steps to remove surface irregularities on the disk, said method steps

comprising:
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detecting a surface irregularity on the substantially flat disk surface,

+said* - di sk including a pIurallty of tracks one of which
contains_the irregularity;

in response to.
detection of the irreqularity, perf Tﬁ“ﬁ R'@A%gﬁwl sing: . :
p05|t|on| Iﬂﬂ& ﬁ le head over he tﬂﬂ?k e&Pht ai nilng t he

1 rregul arl

Iud| ng rel atlvely harder material than the

.surface i rregul ari ty and 21 i ncreasi ng tenperature of
the head so as to reduce a flying height of t he head
.suffi.cient to cause the head to contact the irregularity. 49. The

fapparatus of claim48, the step of increasing tenperature of the head being

performed by increasing read bias current applied to the nmagnetoresistive

stripe. 50. The apparatus of claim48, the head including a wite

el ement, the step ofdetéctinigeasurfacd irrepataityon aafsuﬁstmnhnacﬂalnemfgcq)ef hanagikticy

I ncreasing wite current applied to, . the wite el enent.

‘apparatus of claim 48, t rdath sterage diske s#g ddsmﬁ’&l‘@ﬂngaﬁwﬁhty @i}i.gorg:pgglcotracks

‘i ncreasing tenperature of0 ehgf be. g Bl%”%l%&ﬂ?ﬂgp actlvatl ng the heater
ecs g

‘el ement. 52. The apparatus of C arm 4 % ncr easi ng

‘tenperature of the Haadsponseps detetor bE thwt mgﬁranty)qfeemﬁnmg stepResmprisig Of

‘the head until the head has a decreased hei ght relative to the

“di sk, the. flying-height bResHomipef acratdat I39°3§Fraﬁ?adt PYsbsthe drackhsontaiing athsy

o e i sk surface Wil eOSiic O Ahd iRk Tl B 38 shatertdP than
ng a contam nan

The apparatus of claim48, the egutfarity conpris

foreign to the disk. 54. Tﬂ@g@méaﬁa@laﬁty;bﬁdlm 48, the irregularity
‘being part of the disk. :

increasing temperature of the head.

49.  The apparafus of claim 48, the head including a magnetoresistive stripe, the step of
heating the head being performed by increasing read bias cwrent applied to the

magnetoresistive stripe.

50. - The apparatus of claim 48, the head inciuding a write element, the step of heating the

head being performed by increasing write current applied to the write element.

51. The 'appératus of claim 48, the head including a heater element, the step of heating
the head being performed by activating the heater element.

52.  The apparatus of claim 48, the step increasing temperature comprising the steps of -
increasing temperature of the head until the head has a decréased flying height relative to the
disk, the flying height being sufficiently small to position the head away from the disk surface

while ensuring contact with the irregularity upon sufficient rotation of the disk.

53.  The apparatus of claim 48, the irregularity comprising a contaminant foreign to the
disk.

54.  The apparatus of claim 48, the irregularity being part of the disk.
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