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b e .'METHOD AND APPARATUS FOR CLEANI NG DI SKS The preas egt
I nvention relates to disk drive devices, and in particular to a nethoaqgﬂa
apparatus for cleaning disks with a sli der . A di sk drive, conmonly

referred to as a direct access storage device, has one or nore disks for
storing data. The disks are somewhat anallogous to a 45 rpmrecords used on
a record player, or conpact disks which are used in a CD player in that
they are both round, and hold data. |In a disk drive, however, nultiple

di sks are nounted to a gpipgdheandndrpRAGSUs2PBRt cEEANRAL bhngdo not touch
each other. Currently, disks-range from48._mllineters (1.8 inches) to 130
mllimeters (5.25 inches) in dianeter.

The present invention relates to disk drive devices, and
in particular to a method and apparatus for cleaning disks
with a slider.

A disk drive, commonly referred to as a direct access

'storage device, has one or more disks for storing data.

The disks are somewhat analogous to a 45 rpm records used .
on a record player, or compact disks which are used in a

CD blayer in.that_they are both round, and hold data. 1In

a disk drive, however, multiple disks are mounted to a

spindlé, and spaced apart so that they do not touch each

other. Currently, disks range from 48 millimeters (1.8

inches) to 130 millimeters (5.25 inches) in diameter.

The surface of each disk is smooth and uniform in zppear-
ance. Data on the disks in a disk drive is hot stored in
grooves, but in tracks. Each disk surface has a number of
data tracks situated in concentric circles. The tracks on
the -diék essentially replace the grooves in a 45 rpm
record. Each track in a disk drive is further subdivided

into a number of sectors which is just one portion of the
circumferential track.

Disks in a disk drive are made of a variety of mat=arizls

The substrate has been made of glass, plastic or metal.
In the case of magnetic recording, a magnetizable layer of
metal is placed on the substrate or inner core. Data is
stored on such a disk by mégnetizing small portions of the:
magnetizable laver of the disk. The portions macgnetized
will be in one or more of the sectors mentioned above.
The data 1is usually transformed or encoded into a more

compact form before it is recorded on the disk. Each



The strface of each disk is snooth and uniformin appear- ance. Data on the
disks in a disk drive is not stored in grooves, but in tracks. Each disk~
surface has a nunber of data tracks situated in concentric circles. The
tracks on the disk essentially replace the grooves in a 45 rpmrecord. Each
track in a disk drive is further subdividéd into a nunber of sectors which
is just one portion of the circunferential track. Disks in a disk drive
are made of aPQBELERy ST Wageetirsd Tae fbsthavehha®thedrdh meRE oSl i,
plastic or netalhebnat BaeCase z@f-cmagnetic recording, a nagneti zable |ayer
of nmetal is placed on the substrate or inner core. Data is stored on such a
di sk by magnetizing small portions of the magnetizable |ayer of the disk.
The portions ragbetiezectavihdgbetisie OBReOBUAPaEeODEL Be &gt prs sBrAlilorad-
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2 portion soioagmensgaderan kwowhoaght okadgwrdpeedwad nijs passed over
the surface of the disk, following the tracks. " More spe-
cificaliy, the read/write head 'is flown at a height of
approximately 0.15 micrometers (six millionths of an inch)
or less from thé surface of the disk. During flight, over
the disk surface, the read/write head is energized to
Various'states, causing a domain within a sector in the

track below it to be magnetized.

To retrieve data stored on a disk, the read/write head is
flown over the disk agéin. This time, the small magnet-
izgd domains of the disk induce a current in +the
read/write head transducer. By detecting the current from
fhe read/wfite head, and decoding multiple occurrences
from many domains, the data is reconstructed and then used
by the'computer system.

Like a record, both sides of a disk are generally used to
store data or other information necessary for the opera-
tion of the disk drive. Since the disks are held in a
stack and are spéced apart from one another, both the'top
and the bottom surface of each disk in the stack of disks
has its own read/write head. Sometimes, a disk surface is
dedicated to containing serve information. Servo informa-
‘tion 'is made up of magnetized portions of the disk that
contain information about the position of the head on the
disk. Such servo information from one disk can help in
determining - where the heads on all the other disks are’
located. Further help may be provided by including some

Sservo information in each sector on the disks.



ei thef a one or zero. In order to magnetize the surface of a disk, a
smal |l ce- ramc block, called a slider, containing an el ectromagnet- ic -
transducer, known as a read/wite head is passed over the surface of the
di sk, following the tracks. Mre spe- cifically, the read/wite head is
flown at a height of approximately 0.15 mzxroneters (six mllionths of an
i nch) or less fromthe surface of the disk. During flight, over the disk
surface, the regdl ¢ertmibheathtes ialerqgimed ding athouslstates andausieaighaad
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feedback from the servo information and w1ch knowledge of

where the desired data is physically_located on the disk.

The slider is aerodynamically designed to fly close to the
disk surface. Some sliders are subjected to a physical
force or bias toward the disk surface by the:ractuator arm
while others may be reverse biased, so. that they actually
tend to move away from the disk surface. When the disk
starts to rotate, the aerodynamic effect causes the slider
to fly. Fluid next to the disk, be it air, or a lubri-
cant, provides a cushion, which causes some sliders to be
lifted up from the surface of the disk when the disk
reaches a desired rotational velocity. In the case of a
reverse biased slider, the pressure becomes less between
the disk and the slider, causing the slider to move closer
to the disk. In either case, the fly height of the slider

is very small as previously stated.

The very close fly height can lead to bad problems when
one considers the size of contamination inside the disk
© drive device. ‘Most disk drives are sealed, and have fil-
ters which try to take particles away from the disk sur-
faces. Such disk drives are usually a5seﬁbled in a clean
room, to help ensure that particle contamination is mini-~
mized. In spite of such precautions, particles are still
generated in the form of human skin flakes and plastic and
steel particles having masses on the order of nanograms

and picograms. Such is the magnitude of the contamination



fion-is made up of magnetized portions of the disk that contain information
about the position of the head on the disk. Such servo information from
one disk can help in determ ning where the heads on all the other disks are
| ocated. Further help may be provided by including sone servo infornation
in each sector on the disks. 3 The
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become known as "head crashes because of the damage that
occurs. = Dust particles can be dlsastrous. Other parti-
cles also can cause damage, even though they are much

smaller than common dust.

US-A-No. 4,594,617 issued to Tezuka, describes problenms
related to dust or debris that accumulates on the head
while the magnetic medium is rotating in a fixed direc-
tion. The solution was to use a.cleaning medium, and
rotate it at a slow raté; in the opﬁosité direction. This
is stated to work for cleaning th_e he_ad, but does not
address the problem of cleaning theldiSE itself. It also
requires access to the disks, which is difficult in a
sealed disk drive device.

In US-A-No. 4,263,634 to Chennoweth, a floppy diskette
jacket which houses a data disk was provided with a wiping
material. The material was set back from the opening in
the housing so that fibers from the material did not in-
terfere with the heads that were reading data from the
disks in the opening. Again, the contamination problems
faced here were related to dust sized particles. The disk
surfaces were exposed to normal atmosphere. ‘The size of
the particles which cause problems in today's sealed disk.
drive devices are orders of magnitude smaller than those
faced by Chennoweth.

In US-A-No. 3,609,721 issued to Meneley, dust particles
were cleared from a disk surface by rotating the disk at

normal operating speed while a read/write head having =



di sk surface. Some sliders are subjected to a physical force or bias
toward the disk surface by the actuator armwhile others may be reverse

bi ased, so that they actually tend to nove away fromthe di sk surface.

When the disk starts to rotate, the aerodynam c effect causes the slider to
fly. Fluid next to the disk, be it air, or a lubri- cant, provides a

cushi on, which causes sone sliders to be lifted up fromthe surface of the
di sk when shderdwith a equildespheridad shaacidg rfaceawiad sloiwly siwept agross thensurfese cxfsédeof
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Fibers contacting the disk surface were used in US-A-No. 3,366,390 issued to
Applequist et al. to dislodge dust particles. Air flow from the rotating disks then carries
the particles off of the disks.

All of the previous solutions were directed toward larger particles than presently
are encountered. Such large particles were easily dislodged, and spun off the disk
surface. The small particles which cause problems in today's disk drive devices do not
dislodge so easily. The prior solutions have not proven effective in clearing disk

surfaces of such debris.



4 problens that are currently being faced. In spite of all the
precautions, sone particles nmay get caught in a lubri- cant that is used to
keep the sliders fromsticking to the disks when the disk drive has been
power ed down. Such particles can easily, snear on the disk surface, and
sonme- tinmes actually destroy data stored %n the disk or damage dat a heads.
Col l'i si ons between heads and particles have beconme known as "head crashes”
because of the danmge that oggmifs R%Fﬂﬂﬁ@@?ﬂ@l‘ﬁﬁ@ be di sastrous.

O her parti- cles also can cause &lmge, even though they are nuch smaller
t han common dust. US- A-No. 4,594,617 issued to Tezuka, describes probl ens
related to dust or debris that accunul ates on the head while the magnetic
mediumis rotating in a fixed direc- tion. The solution was to use a

cl eaning medium and rotate it at a slowrate, in the opposite direction.
This is statedlttis ancobjedtaf thé prasemtginvémtion dadmetiotatalons onolora disadentages of

probl em of cleaning the disk itself. It also requires access to the disks,
whi ch i s dthefpriariart.i n a seal ed di sk drive devi ce. In US-A-No. 4,263,634
to Chennoweth, a floppy diskette jacket which houses a data di sk was
provided with a wiping material. The material was set back fromthe

opening 1n According to one aspect of the invention there is provided a method of cleaning a

disk surface in a disk drive having a movable slider with a plowing surface on the back
end of the slider, said slider attached to a suspension which biases the slider toward the
disk surface, said method comprising the steps of: rotating the disk toward the plowing
surface of the slider at a rotational velocity less than a desired rotational velocity at
which the slider is lifted up from the surface of the disk; moving the slider from the
inner diameter of the disk to the outer diameter of the disk during said rotation;
controlling said slider movement so that substantially the entire disk surface has been
cleared of debris when the slider reaches the outer diameter of the disk; monitoring the
number of start-stop cycles of the disk drive; and initiating the cleaning steps when said

number of cycles reaches a threshold.
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t He holsing so that fibers fromthe material did not in- terfere with the
heads that were reading data fromthe disks in the opening. Again, the
contam nation problens faced here were related to dust sized particles. The
di sk surfaces were exposed to normal atnosphere. The size of the particles
whi ch cause problens in today's seal ed disk drive devices are orders of
magni tude small er than those faced by Chennowet h. In US-A-No. 3,609, 721

i ssued to Menel ey, dust particles were cleared froma disk surface by
rotating the disk at normal operating speed while a read/ wite head having
a 5 slider with a round
spherical bearing face was slowy swept across the surface of the disk. It
was believed by the iDESCRIPTION OFCTHERREFERRED EMBODIMENTSnded side of
the slider, and were dislodged. There was al so described, a strong
novenent of air laterally outward fromunder the slider, which helps to
carry dislodged particles, and other particles not so dislodged, clear of
the slider. The slider was noved radially outward

For a better understanding of the present invention, reference can be made to the

accompanying drawings, in which:
Fig. 1 is an exploded view of a disk drive device.

Fig. 2 is a detailed view of a spindle and spindle motor assembly for the disk drive

of Fig. 1.
Fig.3isa block diagram of a spindle motor controller.
Fig. 4 is a perspective view of a disk slider.
Fig. 5 is a bottom view of the disk slider of Fig. 4.

Fig. 6 is a block diagram side view of the front end of a disk slider.



fromthe di sk center by about one fourth the width of the slider per
rotation of the disk. Fi bers contacting the disk surface were used
in US-A-No. 3,366,390 issued to Applequist et al. to dislodge dust
particles. Air flowfromthe rotating disks then carries the particles off
of the disks. Al'l of the previous sBl utions were directed toward

| arger particles than presently are encountered. Such large particles were
easi |y di sl odgeds;,a . - g ) qparticles which
cause probl ens ﬁﬁgtzzsaéﬂyﬁﬁfs‘%@‘%‘?i%\‘/% ﬁ@i”@gﬁf%ﬁ%@?ﬂ@oﬂlggﬁso easily.
The prior solutions have not proven effective in clearing disk surfaces of
such debris. 6.

Fig. 8 is a perspective view of a disk slider.

Fig. 9 is a bottom view of the disk slider of Fig. 8.

Fig. 10 is a top view of a disk and actuator.

Fig. 11 is a block diagram of an actuator motor controller.

These drawings are not intended as a definition of the invention, but are provided

solely for the purpose of
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SUMVARY OF THE INVENTION It is an object of the present invention to
anel i orate one or nore disadvantages of the prior art. Accor di ng
to one aspect of the present invention there is provided a nethod of
cleaning a disk surface in a disk drive hqying a novable slider with a

pl owi ng surface on the back end of the slider, said slider attached to a
suspensi on which biases. the slider _toward ' urfac sai

conpri si ng t hel 5haplrafing the pr?%?ﬁf?%ge&ﬁgdgkgét%oﬁgﬁd%Pﬁeq%?gﬂfiggg '
surface of theyssédisedtbalswtati onal velocity |ess than a desired

rotational velocity at which the slider is lifted up fromthe surface of

the disk; noving the slider fromthe inner dianeter- -of the disk
to the outer diameter of the disk during said rotation;

control l'ing sgigd_sl ilde{sW%Yleﬁsﬂ%léaeah&tiewbsfaaticaisisly dhevent i tiedésked
surface has be %'cleared of debri

di aneter of thgpemesxlly at 10. ﬁ%%krgfgﬁ%hf%zié : é§§¥q§$%%#$%?%%?zﬁ%?es_

of the disk drjvgeusiy cover 14 whithatafiget hessémaly nis stepstedewnithin

nunber of Cyclgsfgg%ghq%_a t@ﬁgsﬁ%hging 12 and housing cover 14 fqrm a
disk drive enclosure. Rotatably attached within the hous-
ing 12 on an actuator shaft 18 is an actuator arm assembly
20.. The actuator arm assembly 20 includes an E block 22,
which is a comb like structure having a plurality of arms
23. Attached to the separate arms 23 on the E block 22,
are load springs 24, commonly referred to as suspensions.
Attached at the end of each load spring is a slider 26
which carries read/write elements (not showq in Fig. 1).
Oon the other end of the_actuator arm assembly 20 opposite
the load springs 24 and the sliders 26 is a voice coil 28.

Attached within the housing 12 is a pair of magnets 30.
The pair of magnets 30 and the voice coil 28 are key parts
of a voice coil motor which applies a force to the actua-
tor assembly 20 to rotate it about the actuator shaft 28.
Also mounted within the housing 12 is é spindle shaft 32.
A hub assembly 33 is rotatably attached to the spindle
shaft 32. The spindle assembly 31 includes the spindle
shaft 32 and the hub assembly 33. In Fig. 1, eight disks
34 are attached to the hub assembly 33. As shown in Fig..
1, disks 34 are attached to the hub assembly 33 with sub-
. stantially equal spacing between each disk. .

In Fig. 2, the spindle shaft 32 and hub assembly 33 is
shown. The hub assembly 33 includes a hub 40, hub magnets:
42, a first bearing set 44, a second bearing set 46, a
mechanical seal 48 and a magnetic fluid seal 50. Attached
to the spindle shaft 32 is a stator 52 which is a set of

coils through which electrical current passes. In opera-
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acconpanyi ng draw ngs, in which:
di sk drive devi ce.
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS For

10

tion, the stator 52 on the spindle shaft 32 and the hub
magnets 42 attached to the inside of the hub 40 form an in-
hub electrical motor which is used %o'rotate the hub 40
and the disks 34 which are attached to the hub. Electri-
cal energy is input to the stator so that the polarity of
the stator is constantly changing and rotating. The hub
magnets 42 on the hub 40 follow the changiﬁg polarity. In
a disk drive, the in-hub motor rotates in excess of .3500

revolutions per minute.

In most disk drive devices, the coils in stator 52 are
arranged in pairs, each pair corresponding to a hub mag-
net. When starting .the in-hub motor, electrical energy is
applied to each pair of stator coils in a well known man-
ner.. The application of ‘energy is alternated between the
twé magnets of each pair so that the hub magnets 42 are
all attracted in the“same direction. -Initially, half.the
tite the direction is backwards from the normal read/write
direction. .This is usually detected, as by use of a Hall
sensor indicated at 53. If the directioh is opposite that
intended, the energy is redirected to the other coil in
the pairs of coils to reverse the dlrectlon of rotation.
Several well known direction detection technlques are used
in various disk drives, including the sensing of the spin-
dle motor current referred to as back emf detection as
well as the use of the Hall sensor. The direction of
rotation is usually detected very quickly, within a few
pulses of electrical energy to the coils.

A block diagram of the circuit is shown in Fig. 3. A

sensor 60, which corresponds to sensor 53 in Fig. 2, de-
tects the direction of rotation of the disks. Sensor 60
provides a signal representative of the ‘direction of the’
rotation of the disks to z processor 62 via a signal con-
verter 64 by lines 66 and 58 respectively. Lines 66 and
68, as well as other lines depicted in other electrical

1!
diagrams in this specificztion comprise the appropriate

a

under st andi ng of the present invention, reference can be nmade to the
Fig. 1 is an exploded view of a.



Firg. 2"is a detailed view of a spindle and spindle notor assenbly for the

di.sk drive of Fig. 1. . Fig. 3 is a block diagramof a spindle
notor controller. Fig. 4 is a perspective view of a disk slider
Fig. 5is a bottomview of the disk slider of Fig. 4. . Fig. 6'is a

bl ock di agram side view of the front end afi a disk slider.

type of communication medium, such as a parallel or serial.
electrically conductive wire, or wires, or optically con-
ductive lines. Converter 64 operates to changé the signal
from sensor 60 to one understood by processor 62, such as
a digital representation of the direcfﬁon of rotation. 1In
some embodiments, it also provides velocity of rotation
information. '

Processor 62 may be anj standard type of microprocessor
such as one from the Motorolla 68000 family. It is cou-
pled to a memory 70 which stores programs for control of
the current supplied to stator 52. Other programs include
those which control the positioning of sliders and the
actual readiﬁé and_writiﬁg of data on the disk surfaces.
Processor 62 confrols a current generator/amplifier 72 via
line 74. Amplifier 72 provides current to the stator
.maghets 52 wvia line 76. Line 76 comprises electrically
iconductive. lines sufficient to permit synchronized

energization of the stator magnets 52.

In operation, processor 62 directs amplifier 72 to provide
current pulses to stator magnets 52 to cause the disks to
rotate in a desired direction. Sensor 60 provides immedi-
ate feedback to processor'_62,- which, if the disks are
rotating opposite the desired direction, causes the ampli-
fier 72 to provide electrical energy to the other magnet
in each pair of stator magnets 52. This causes the disks
to rotate in the other direction. Processor 62 is also
used to control the velocity of disk rotation by altering
‘the frequency of energization of the stator magnet pairs
52.

A slider indicated generally at 100 is shown in morxe de-
tail in Fig. 8 and Fig. 9. Slider 100 has three rails,
102, 104 and 106 (also referred to as air bearing surfac-
es) which are adjacent the disk surface. Each rail has a

surface 108, 110 and 112 which is toward +the front . of



8"’ Fig. 7 is a block diagram side view of the back end of a disk

slider. Fig. 8 is a perspective view of a disk slider. Fig. 9is a-
bottom view of the disk slider of Fig. 8. Fig. 10 is a top view of a

di sk and act uat or. Fig. 11 is a bl ock diagram of an actuator notor
controller. Fig. 12 is a flow chart ofighe disk cleaning process.

These drawi ngs are not intended as a definition of the invention, but are
provi ded sol el g1lider 100, and is ramped away from the disk surface. The

ramps help the slider lift off the disk surface and fly
and at a desired height when the relative Gelocity between
the slider 100 and disk surface reaches a certain level.
The details of such ramps, and aerodynamic characteristics
are well known in the art. A more detailed representation
of the ramp 112 is shown in Fig. 6 in relation to a disk
surface'34. A not to scale particle of debris is shown at
113. The angle between ramp 112 and disk 34 is about
.0087 radians (1/2 degree) in this embodiment. At the
back end 116 of the slider 100, a ferrite head 120 extends
beyond the back end 116 of slider 100; The head 120 is
wound with wire 122 to form an electromagnetic transducer.
'The'wires are connected by leads 124 to common read/write

circuitry.

The slider itself is comménly forméd of a ceramic materi-
' al. Ferrite, aluminum titanate, carbog and graphite are
common materials used. Some sliders will be overcoated
with carbon, or hydrogenated carbon. The head 120 may
also be made. of similar materials, and may be of the in-
ductive, or magnetoresistive types. Other types of heads,
and materials for sliders and heads will work well 'with

the present invention.

Several plowing edges are formed by the back end 116 and
an outer diameter edge 130 of slider 100. The outer diam-
eter edge 130 is the edge of the slider which is closest
to the outer diameter of the disk where it meets the sur-
" face of rail 106. The back end plowing edges are specifi-
cally located at 132 and 136 respectively next to the disk
surface where the back end surface meets rails 102 and
106. Debris is accumulated by these edges when the disk’
is rotated backwards as represented in Fig. 7. The repre-
sentations of debris on the disk and 140 and debris accu-
mulating on the back end of slider 136 indicated at 142

are not to scale. It can be seen that the outer edge 130

-



t he purpose of

REPLACENMENT SHEET 9 illustrating the

preferred enbodi nents of the invention described bel ow. Fig. 1 is an

expl oded view of a disk drive, indicated generally at 10. Disk drive 10

I ncludes a housing 12, and a housi ng coverl3d4 which, after assenbly is

nmounted within a frame 16. The housing- 12 and housi ng cover 14 forma
of slider 100 contains a chamber, which makes the plowing

edge not quite as steep as the back edges 132 and 136.
However, it is sEeep enough to prevent debris from being
swept under the rail 106. The chamfered surface forms an
angle of about 1.05 radians (60 degrees) between it and
the disk surface.

A second slider indicated generally at 200 is shown in
Figs. 8 and 9. Slider 200 also has three. rails, 202, 204
and 206 which are adjacent the disk surface. Each rail
has a surface 208, 210 and 212 which is toward the front
of slider 200, and is ramped away from the disk surface.
The ramps help the slider 1lift off the disk surface and
fly and at a desired height when the relative velocity .
between the slider 200 and disk surface reaches a certain
level. The details of such ramps, and aerodynamic charac-
teristics are well known in the art. At the back end 216

; of the slider 200, a magnetoresistive head 220 is embedded
in an alumina substrate 222. The substrate 222 is about a
50 micron layer extending beyond the back end 216 of slid-
er 200. The head 220 is comprised of one or more deposit-
ed thin film resistive paths which form an electromagnetic
transducer. Several bonding pads 224, 225, 226, and 227
are available for connection to common read/write circuit-
ry.

Several plowing edges are formed by the substrate 222 and
an outer diameter edge 230 of slider 200. The outer diam-
eter edge 230 is the edge of the slider which is closest
" to the outer diameter of the disk where it meets the sur-
face of rail 206. The back end plowing edges are specifi-
cally located at 232, 234 and 236 respectivély next to the
disk surface where the substrate meets rails 202, 204 and
206. Debris is accumulated by these edges when the disk

is rotated backwzrds.



di'sk drive enclosure. Rotatably attached within the hous- ing 12 on an
actuator shaft 18 is an actuator arm assenbly 20. The actuator arm assenbly
20 includes an E block 22, which is a conb |like structure having a
plurality of arnms 23. Attached to the separg@te arns 23 on the E bl ock 22,
are load springs 24, commonly referred to as suspensions. Attached at the
?nd of heach_ I O%Q E@?i.ngl& S a dolepidp Wb @Bﬁ@&ﬁléﬁesdi’t&ﬁdf%bEEte|t|QfTBSE6§
not shown in Fig. . t he ot her,  end of t actuator_ arm as y
opposite the I%’égerﬁ)%ﬁ:h%% 3% 5nc?r}tjﬁieersﬁo erasmgGaiéli vEIIEE3ES I%%% The
Attached w thisiuider h808i ng LEXtischedats of susgaerssoR030%he whdiah ofs nagret s
30 and the voi [ a rts a kLce Il ¢ Ich Les
a force to thé€§%%ua%b§§F é§s§§%P§%?8 F§L?6t§?5'it aebﬁﬁg% éuﬁﬁt%a?%ggé af t
28. Al so nountefl ePnhentrie Howsikey ate swhaicehi fpe magpetizy infeppation

assenbly 33 i s; { otalahldeft tached Gankhe SRl shobt 3. theheisRepdbst
assenbly 31 includes the spindl.e shaft 32 and the_ hub assenbly 33. In Fig.
1, eight di skscacenerift5ERel £B Whd ChuBakesBall Pe3storeshoiSEe FHY. 21,

di sks 34bare qﬁﬁ@@hﬁgét@iagn Bubpaﬁﬁﬂab|y?fﬁﬁdﬁlfﬁSpﬁﬁyéﬁﬁﬂtimégacﬁgﬂﬁbr
spaci ng betweep eac I.SK. Ln _Fi , ok spindl e s t . an ub,
assenbly 33 i s SHOWACVIE hﬁbIQEEegﬁﬂ‘i %%rﬁh%ﬁpudéls F o h% e40(,¥1%ﬁb3nr2%agﬁlélf"s1
42, a first betuney ddamdétera398condhseanitey sdamedera IW hiamittd setbr4s
and a magnet| Cméét“ogoﬁéé*xgﬁc ‘é‘z‘ah%@% Lihildie spiddhey SBalt 33 ey @ Sih;lhor

52 which is a set COl throu% which el ectrical current passes.
oper a- ' slider 300 movement across the tracks is rotational about

the actuator shaft 306.

The disk as viewed in Fig. 10 is rotated counter clockwise
in normal data reading and writing operation. In the
backwards sweep operation, the actuator is biased against
the inner diameter crash stop so that the sliider 300 is
located on the inner diameter 308. The outsidé plowing
edge ofi the slider 300 does not line up with the inner
diameter, but is at a slightly tangential angle to the
inner diameter 308. When the disk is started backwards to
initiate the sweep operation, the slider is preferably
moved outward about .1 millimeter, which is about one-
fourth of the width of rail 106 in Fig. 4, after each
rotation of the disk. The precise distance to move the
head outward with each rotation of the disk will wvary
depending on the different rail widths of different slid-
ers. It is moved about one-half the width of the plowing
_edge .in some embodiments to ensure the disk surface is
swept as clear as possible. The distance will usually be
between .1 and .9 of the width of the rail, although it
will depend on the angle of the slider, and the particular.
plowing characteristics, and may even bé greater than the
width of the rail. The slider in Fig. 6 is narrower than
that in Fig. 4, so it is only moved .05 millimeters per

revolution of the disk. In one preferred embodiment, the



10 tion, the stator 52 on the spindle shaft 32 and the hub magnets 42
attached to the inside of the hub 40 forman in- hub electrical notor which
is used to rotate the hub 40 and the disks 34 which are attached to the .
hub. Electri- cal energy is input to the stator so that the polarity of
the stator is constantly changing and rotl&ing. The hub magnets 42 on the
hub 40 follow the changing polarity. 1In a disk drive, the in-hub notor
rotates in excess 6F .1GBUH atvdihg i end pdr erqiut eotatianppst Idi skhitse

devices, the sqz%ifef r}n&t@é Oarré%n AL AP RAA S orf AR PAId up to
W

correspondl ng to a hub en starting the in-hub notor, el ectrlcal
energy is apmh%ddﬁéléﬁéh %Y?m‘%ﬁt SPEEOrrAATIOn n 2 Bl | SRABW IR aneyr

The appl i catigpfsof deneegy rb&tah@eréaqieqqnﬁeittwmnt hies t wequBgeat $ooforasch
pair so that the hgg magnets 42 are all %cht ed 0 thetsarre directio on.
Initially, hdt¥%2§hEPei fBSERe difb IO TROGH ar d5°F r BRYPhe 2FomRYer e

read/ wite diugpcdtpen. 1dbpswiideusiha |9l ididrecisednoesd by life spiinglidaldotor
speed control 'is desired, it is easily programmed for
processor 62 and stored in memory 70.

As the slider in Fig. 10 moves closer to the outer diame-
ter 310, the angle of the outside plowing edge to the
tracks decreases so that the by the time the outside diam-
eter track is reached, the back of the slider is substan-
tially perpendicular to the tracks. The slider is moved
past the outside data track, and then the disk is stopped.
Preferably, the disk rotation did not exceed 1000 revolu-
tions per minute. At that speed, iiftoff vélocity for the
; slider has not been achieved, and the debris accumulatihg
on the plowing edges does not get the opportunity to slide
under the slider and 'smear the disk surface. Once the
disk rotation is stopped and then started in the normal
direction, most of the debris is either dumped on the

outer tracks, or remains on the back plowing edges of the
slider.

The term "plowing" as used herein, usually refers .to a
surface which accumulates debris, as opposed to merely
shoving debris off to the side, such as a snow plow.
While the latter mode of operation may be suitable, debris -
"is accumulated by the plow in the preferred embodiment so
that it is only removed from the surface once versus con-
tinually dumping and removing debris as the slider is

moved radially outward.

A block diagram of an actuator control circuit is shown in
Fig. 11, which is numbered consistently with Fig. 3. An

electrically conductive line 80 is coupled to at least one



sensor "indicated at 53. If the direction is opposite that intended, the
energy is redirected to the.other coil in the pairs of coils to reverse the
direction of rotation. Several well known direction detection techniques
are used in various disk drives, including the sensing of the spin- dle
motor current referred to as back enf detedfion as well as the use of the
Hal | sensor. The direction of rotation is usually detected very quickly,
within a few pA%S® ogread ectiichl readpgposstingad ot RPEOrMaiigpo®k ISR &R of

gge_ cireui t2i S;ﬁ%ém dﬁhéJ-odf 3the d‘&é@éf"sﬂ. 6Q, dwvf@rtﬁﬁf Or?@sgﬂm,siéiéh S&E%Sr
in Fig. 2, de- tects the direction of rotatiqn of_t | sks. enso
provi des a si grPé?S’rte’p‘?Ibas,Jentlatfio\’fé‘a&f"oPhevﬁ?r@ctla‘b?leofs% hgorogflé?‘?%ﬁSSF t e
di sks to a pro@assoss$Hix v62a, aasi guatredledvért esrddrdms | sbhesed6 ianduGdory

respectively.  Jd neg; £0-800,68,, 35 LAt Al ddiNes JeR S oelal 1 100687

el ectrical diagrans |n.? I's specification conprise the agpropr[ate ]

type of communitcatprevideli ghectuihadsenepay atpether agbppgapr coils 30 via
line 90 to move the slider as desired. As previously
discussed, the lines are representative of means to commu-

nicate with and/or energize components.

As can be séen from the preceding description, there are
opportunities to increase the speed at which the sweep
operation is pe'rformed'._ Since the outer diameter sweep
edge presents a larger sweep profile at the inner diameter
due to the angle of the slider with respect to the tracks,
in a further. embodiments, larger increments of radially
outward movement of the slider are used closer to the
inner diameter track. This results in fewer disk rotatiomn
required to sweep the track clear. One could also modify
the rail shapes at the back of the sl¥ider to present larg-
er sweep areas. . This would have to be done with consider-
ation of the aerodynamic effects :on normal read/write
operation. A further impro{rement involves determining how
many more rotations are required to complete the sweep,
and then cutting power to the disk rotating motor so that
the disks stop rotating immediately after the sweep opera-
tion has occurred. This eliminates extra time required to
stop the disk backward rotation prior to starting its
forward rotation.

In one preferred embodiment, the frequency of disk clean-
ing is controlled by processor 62. Proces.sor 62 monitors
the error rate in reading data from the disks. When a:
data error rate threshold is passed, the sweep operation

is initiated by processor 62. If a high error rate con-



electrically conductive wire, or wres, or optically con- ductive |ines.
Converter 64 operates to change the signal fromsensor 60 to one understood
by processor 62, such as a digital representation of the direction of
rotation. In sone enbodi ments, it also provides velocity of rotation

I nformati on. Processor 62 may be any stahfard type of microprocessor such
as one fromthe Mdtorolla 68000 famly.. It is cou- pled to a neppry 70

whi ch stores pEdBR&RAe fd DRI OBELEhEOR Ut PeRt % ebeTBkRht oY 825

Ot her progranscbaeitdedt hasa whicehseomnt 6al geherposist hadi pgrot skisdere amd
the actual reading,and witing of data on the disk surfaces. Processor 62
conirols a cur?éﬁ?tgenerator/anplifier 72 via line 74. Amplifier 72

provi des current to the stator nmagnets 52 via line 76. Line 76 conpri ses

electrically CoRliCtiYeindd NERLOAIRELE, ®Rhe hAmIAR B4 5taYBCBESD) E90 1 s
energi zati on of the stafor nmagnets 52.° Tn operation, processor 62 directs
anplifier 72 tofpridhe ddislr rmtveullsednard toracorPyapFocess2 o®2auserEh@

di sks to rotatgrbletedfgnead rinRE! | Qich SLHS90060QrPrI@OGIEsSE | 5UEHI Tyriles,
f eedback to processor 62, which, if the, disks aée rotating oggogite t
desired direct FBR, TRRRsOPREAGAPR 19| LR1523E pPavi BECRFRTYT i &4 en
to the ot her nagmPeri npfadlcipacycbésswaldr vargnaronbirie stocadsésel, hand
disks to rotate_in_the.o r..di. tion. A sor i .50 US -
control the vef%c???lgV g??frr&%%?i%&nﬁ?pggﬁggﬁﬁg tﬁg%fﬁgf%gﬁboubﬁggf%r
ener gi zati on ohahhe sitsatdksemgndaqiain swhich is considered. n- one em-
bodiment, if the desired number of cycles is approaching,
the sweeb is initiated by processor 62 during a period of
relative inactivity of the drive so as not to impact per- .

formance.

In yet a further embodiment, processor 62 monitors the
number of hours of ?ontinuous operation of the disk drive.
Following 1000 hours of such operation, processor 62 ini-

tiates the sweep operation.

If highly polished disk surfaces are used, the slider may
stick to the disk surface during start up. To prevent the
slider from sticking, moving and sticking repetitively
during start up, it may be desirable to stiffen the load
springs 24 by means of a polymeric coating or other stiff-
ening means, such as by shaping the metal used to make the
load springs, or bonding on.further elements, as known in
the art.

The present invention and the best modes of practicing it
have been described. It is to be‘undefstbod that the
foregoing description is illustrative only and that other
means and techniques can be employed without departing
from the full scope of the invention as described in the

appended claims.



52. A slider indicated generally at 100 is shown in nore de- tail in Fig.
8 and Fig. 9. Slider 100 has three rails, 102, 104 and 106 (atso refertred—-
to as air bearing surfac- es) which are adjacent the di sk St{ifshed Has F@CK)

rail has a surface 108, 110 and 112 which_is toward the fro Spiaced
12 slider 100, and is ranped away fromth® disk surface. Tﬁ lem# “ﬂ I,
the slider |ift off the disk surface and fly and at a desire y
the relative velocity between the sli dquL}‘ﬁQ[gand di sk surface reaches a
certain level. The details of such ranps, and aerodynam c characteristics
are wel | known anmbitdd@ticleafingPd 8isklShFadesl of @R BSEOhAN WA RdvablkeslidPRvithl
Is shown in Fig. 6 in relation to a disk surface 34. A not to scale
particl e of pidehing surfscesdinthie bakk tad of thehslidenail didervagached n® a shshension dilsikh 34
i s about .0087 radians (1/2 degree) in this enbodi nent. At the back end
116 of the biasatahe slider tawhmt the tdiskisaafidcd, 2@idemetbod] somprising] thehstepsaxfk end 116
of slider 100. The head 120 is

rotating the disk toward the plowing surface of the slider at a rotational velocity

less than a desired rotational velocity at which the slider is lifted up from the surface of
the disk;

moving the slider from the inner diameter of the disk to the outer diameter of the
disk during said rotation;

controlling said slider movement so that substantially the entire disk surface has
been cleared of debris when the slider reaches the outer diameter of the disk;

monitoring the number of start-stop cycles of :the disk drive; and

initiating the cleaning steps when said number of cycles reaches a threshold.
2.  The method of claim 1 and further comprisinig the steps of:

monitoring error rates of the disk drive; and

initiating the cleaning steps when said error rates reach a threshold.
3.  The method of claim 1 wherein the slider is moved in a continuous manner.
4.  The method of claim 3 wherein the slider is moved incrementally.
5.  The method of claim 1 wherein the slider is moved a distance between about 0.1 to
0.9 times the width of one plowing surface each rotation of the disk. |
6. The method of claim 1 and further comprising the steps of:

. stopping rotation of the disk into the plowing surfaces after the disk surface has

been plowed; and

rotating said plowed disk in the other direction so that normal operation of the disk

drive may commence.
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wound with wire 122 to forman el ectromagneti c transducer. The wires are

connected by | eads 124 to comon read/write circuitry. The slider itself
is conmmonly formed of a ceramic materi- al. Ferrite, alumnumtitanate,
carbon and graphite are common materials used. Some sliders will be
overcoated wi th carbon, or hydrogenated carbon. The head 120 may al so be

made of similar materials, and may be of th& in- ductlve

nmagnet or esi stive types. F‘?ﬁoByRﬁé ﬁrggg.ﬁi . g@%gmrﬁlss F[g;(ssl i ders and

heads will work well with The pres era owi ng edges
are formed by the back end 116 and an outer dianeter edge 130 of slider

100. The outer diam eter edge JA?&nARsAég.ﬂsﬁ%Eeq%@ Hrsiiesugger which is

closest to the outer dianeter kK where it neets the sur- face of
rail 106. The back end pl ow ng edges are specifi- cally located at 132 and

136 respectivel yhRexbatRr khgedisk gurfiage dme;ree gh@d@acl&senaséar fracer SROY S
rails 102 and 106. . Debris is_.accunul_ated ﬁl ig when the disk is
IO

rotated backwar @€PFL S efFRUe iRk | Aegig. b/Y THe e§8ﬁ?§t|’0§15f51°mde‘b??s
on the disk andibfmndigsedtes a€Cuthendbdit ngo onhicheowaek dhdmetes! ickrti86

Indicated at 14z;ane fRk;1L0 QG2 §3sk! SN -BE0PRY Wl 1PV Lt 98:mS0.
The sweeping operation is completed while the disks are
still gaining rotational speed so that liftoff velocity is
not achieved. Material accumulated on the back edge of
the slider is either dumped at the outer diameter of the
disk, or remains on the back edge of the slider as normal
.ope'ration is commenced.

. (Fig. 1)



18-=ef* sl ider 100 contains a chanber, which nakes the plow ng edge not
quite as steep as the back edges 132 and 136. However, it is steep enough
to prevent debris from being swept under the rail 106. The chanfered
‘surface forns an angle of about 1.05 radians (60 degrees) between it and

t he di sk surface. A second slider indicated generally at 200 is shown in
Figs. 8 and 9. Slider 200 al so has ﬁpyee rails, 202, 204 and 206 which are
adj acent the disk surface. Each rarf "has a surface 208; 210 and 212 which
is toward the front of slider 200, and is ranped away fromthe disk
surface. The ranps help the slider lift off the disk surface and fly and at
a desired height when the relative velocity between the slider 200 and di sk
surface reaches a certain level. The details of such ranps, and aerodynam c
charac- teristics are well known in the art. At the back end 216 of the
slider 200, a magnetoresistive head 220 is enbedded in an alum na substrate
222. The substrate 222 is about a 50 micron |ayer extending beyond the back -
end 216 of slid- er 200. The head 220 is conprised of one or nore deposit-
ed thin filmresistive paths which forman el ectromagnetic transducer.

Several bondi ng pads 224, 225, 226, and 227




are avail able for connection to conmmon read/wite circuit- ry. Sever al
pl owi ng edges are fornmed by the substrate 222 and an outer dianeter edge :
230 of slider 200. The outer diam eter edge 230 is the edge of the slider .
‘which is closest to the outer dianeter of the disk where it neets the sur-
face of rail 206. The back end plow ng edges are specifi- cally |located at
232, 234 and 236 respectively next to2¢¥He di sk surface where the substrate
neets rails 202, 204 and 206. Debris is accunul ated by these edges when

the disk is rotated backwards. 14 In
Fig. 10, a top viewis provided with respect to the orientation of a slider
300 and a di sk surface 302. The slider 300 is attached to a suspension
304, which is ro- tated about an actuator shaft 3®6. 50he disk has a series
of concentric tracks onto which the nmagnetic |i nforpdtion i s recorded. The
inner dianmeter 308 is the innernostgee Tc] gn Jwhi ch data nmay be
stored. There is a physical crashjgst 1 ¢ | p ST ga prevents the
act uat or i —H
-M _-m_ 42
go—HH— I |—1—| ¥
| “ — 40
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from nmoVving slider 300 further in on the disk 34 than inner dianmeter 308.
The outer dianeter 310 is the outer- npbst concentric track on which data
may be stored. The slider 300 novenent across the tracks is rotational
about the actuator shaft 306. The disk as viewed in Fig. 10 is rotated
counter clockwi se in normal data reading and witing operation. In the
backwar ds sweep operation, the actuator3iz biased against the inner

di aneter crash stop so that the slider 300 is | ocated on the inner dianeter
308. The outside plowi ng edge of the slider 300 does not |line up with the
inner dianeter, but is at a slightly tangential angle to the inner dianeter
308. When the disk is started backwards to initiate the sweep operation,
the slider is preferably noved outward about .1 mllinmeter, which is about
one- fourth of the wdth of rail 106 in Fig. 4, after each rotation of the
di sk. The precise distance to nove the head outward with each rotation of
the disk will vary depending on the different rail widths of different
slid- ers. It is moved about one-half the width of the plow edge in sone
enbodi nents to ensure the disk surface is iﬁﬁpt as clear a sible. The
di stance will usually be between,. ‘ the width the rail
although it wll depend on the & pe_slid
pl owi ng characteristics, 3@

rail. The slider in Fig. '
noved .05 mllineters per reys
enbodi nent, the

%[ and the particul ar.
Q6an they wi dth of the
i P 4, so it is only

qugred
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nove i s  made at the end of each rotation. In others, smaller noves are
made during each rotation that add-up to the desired novenent per rotation
For each different disk drive, routine experinmentation is required to opti -

m ze the sweep. In one enbodi nent, the notor is powered up open |oop wle
the slider is noved. |If spindle notor speed control is desired, it is
easily programred for processor 62 and dt/ored in nenory 70. As the slider

in Fig. 10 noves closer to the outer diane- ter 310, the angle of the
outside plow ng edge to the tracks decreases so that the by the tinme the
outside diam eter track is reached, the back of the slider is substan-
tially perpendicular to the tracks. The slider is noved past the outside
data track, and then the disk is stopped. Preferably, the disk rotation did
not exceed 1000 revolu- tions per mnute. At that speed, liftoff velocity
for the slider has not been achieved, and the debris accunul ating on the

pl owi ng edges does not get the opportunity to slide under the slider and
snmear the disk surface. Once the

1112
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disk rdtation is stopped and then started in the normal direction, nost of
the debris is either dunped on the outer tracks, or remains on the back

pl owi ng edges of the slider. The term "plowi ng" as used herein, usually
refers to a surface which accunul ates debris, as opposed to nerely shoving
debris off to the side, such as a SnOM%ZzOML Wil e the |atter node of
operation nmay be suitable, debris is a mul ated by the plow in the
preferred enbodi nent so that it is only renoved fromthe surface once
versus con- tinually dunping and renoving debris as the slider is noved
radi al |y outward. A bl ock di agram of an actuator control circuit is shown
in Fig. 11, which is nunbered consistently with Fig. 3. An electrically
conductive line 80 is coupled to at | east one

16 servo head, which reads positional information witten on
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at*least one of the disks 34. A converter 82 provides the positional

information via a line 83 to processor 62. Processor 62, as controlled by .

Frograns stored in nenory 70, directs a current generator/anplifier 85 via
ine 87 to provide electrical energy to the actuator coils 30 via |line 90
to nove the slider as desired. As pr fusly di scussed, the lines are
representative of neans to commu- nicat®€ ‘with and/ or energi ze conponents.
As can be seen fromthe precedi ng description, there are opportunities to
[ : ormed. Since the

s al—-Ph8 inner

Qh- tracks, in a

outer diameter sweep edge presents a -LgQL<smeep~pLofi
di aneter due to the angle of the slider. i till:respect To~
further enbodi ments, |arger incregents of bially out ward, noyenent of the
slider are used closer to the inner,dianeteljitrack. This resul [
disk rotation required to sweep the track clear.—ne co bg ahso nodi fy the
rail shapes at the back of th A .Fﬁ g : '
This woul d have to be done w
on normal read/w'ite operatioh.

aerodyngm
|qvolves efler m ni ng

how many nore rotations are rjequired t eep, andlt Hen .
cutting power to the disk rotlat Y8-0 SFS stoplrdtating
i mredi ately after the sweep i hi's elinjngtes extra

time required to stop the dis
forward rotation.
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| m ome- preferred enbodi ment, the frequency of disk clean- ing is controlled
by processor 62. Processor 62 nonitors the error rate in reading data from
.the di sks. When a data error rate threshold is passed, the sweep
‘operation is initiated by processor 62. If a high error rate con-

17 tinues, the sweep operation is az Zeast tenporarily dis- continued, and
processor 62 generates and error 4e or alert. In a further

enbodi ment, the nunber of start-stop cycles of the disk drive is nonitored
by processor 62. At a predeterm ned nunber such as 500 or 1000 of such
cycles, the sweep operation is initiated by processor 62. The nunber of
such cycles will vary fromdrive to drive, and is easily determ ned by
experinment. The affect on perfor- nmance is also a factor which is '
consi der ed. In one em bodlnent if the desired nunmber of cycles is
approachi ng, the sweep ed bé processor 62 during a period of
relative inactivity of thSTARTve ST 2not to i npact per-
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f ormance. In yet a further enbodi ment, processor 62 nonitors !Fhé'snﬂng'er
of hours of continuous operation of the disk drive. Follow ng 1000 hours of
such :operation, processor 62 ini- tiates the sweep operation. I f highly

pol t shed di sk surfaces are used, the slider may stick to the disk surface
during start up. To prevent the slider fronksticking, nmovi ng and sti cki ng
repetitively during start up, it nay be desifPable to stiffen the | oad
springs 24 by neans of a polyneric coating or other stiff- ening neans,
such as by shaping the netal used to nake the |oad springs, or bonding on
further elenents, as known in the art. The present invention and the best
nodes of practicing it have been descri bed. It is to be understood that

t he foregoi ng Bigscr 7 x4 block diagranuside wieimaf thebackand of Adisksliderr neans and
techni ques can be enpl oyed w thout departing fromthe full scope of the
invention as described in the appended cl ai ns.

Fig. 8 is a perspective view of a disk slider.

Fig. 9isabottom view of the disk slider of Fig. 8.

Fig. 10is atop view of a disk and actuator.

Fig. 11 is ablock diagram of an actuator motor controller.
Fig. 12 is a flow chart of the disk clegning process.

These drawings are not intended as a definition of the invention, but are provided solely for

the purpose of
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18. .7 . CLAI M5 1. A nwciedepfl
cleaning a disk surface in a disk drive having a novable slider with a
pl owi ng surface on the back end of the slider, said slider attached to a
suspensi on which biases the slider toward the di sk surface, said nmethod
conprising the steps of: rotating tge disk toward the plow ng
'surface of the slider at a rotational velocity |ess than a desired
‘rotational velocity at which the i ' ' t he surface of
't he disk; novi ng t he SF?§§§6$$X§¥iE§E?§Q§$W§.aneter of the disk
to the outer diameter. of .the disk duri sai.d rotation: .. .
control 1ing sdt & B qiest of ipchresvpt G eilio S bRl i Fire disadyapiagespCipe prior
surface has been cleared of debris when the slider reaches the outer
di amet er of tH8di sk; nonitoring the nunber of start-stop cycles
of the disk drive; and initiating the cleaning steps when said
nunber of cycl es reaséeosding tthongaspest of zhe presentipventiomdapreis proyidedia method of
further conprising the steps of:

cleaning a disk surface in a disk drive having a movable slider with a plowing surface on

the back end of the slider, said slider attached to a suspension which biases the slider
toward the disk surface, said method comprising the steps of:
rotating the disk toward the plowing surface of the slider at a rotational velocity |

¥

less than a desired rotational velocity at which the slider is lifted up from the surface of the

disk;

moving the siid’er from the inner diameter of the disk to the outer diameter of the
disk during said rotation; i

controlling said slider movement so that substantially the entire disk surface has
been cleared of debris when the slider feaches the outer diameter of the disk;

monitoring the number of staft-stop cycles of the disk drive; and

initiating the cleaning steps when said number of cycles reéches a threshold.

W
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nmonitoting error rates of the disk drive; and initiating the

cl eaning steps when said error rates«reach:a.threshold. 3. The et hod
of claim1 wherein the slider is noved in a continuous manner. 4. The
imet hod of claim3 wherein the slider is noved increnentally. 5. The

‘met hod of claim1 wherein the slider is noveg, a distance between about 0.1
'to 0.9 tines the wwdth of one plow ng.surface each rotation of the disk.

6. . The nethod of claim1l and further qenRm§i ng the steps of:

stopping rotating of the disk:-into the plowng surfaces after the disk

surface has bgen pl %Vﬁé{ho&‘ofi leanm ng a disk s(n%caet hg%lsskadrg/e%a\gx'\% 1 Ab61d QidePSich a

-ot her dlrectlon so t norna

plowing surface on the back end of the slider, said slider attached to é suspension which
biases the slider toward the disk surface, said method comprising the steps of:
rotating the disk toward the plowing surface .of the slider at a rotational velocity

less than a deéired rotational velocity at which the slider is lifted up from the surface of the

disk; _ '
moving the slider from the inner diameter Qf the disk to the outer diaméter of the
O disk during said rotation; -
controlling said slider movement so that substantially the entire disk surface has
been cleared of debris when the slider reaches the outer diameter of the disk;
monitoring the numbér of start-stop cycles of the disk drive; and
initiating the cleaning steps when said number 6f cycles reaches a threshold.
2. 'The method of claim 1 and further comprising the steps of:
mc_)nitoring error rates of the disk drive; and
initiating the cleaning steps when s;id_ error rates reach a threshold. |
, 3. The method of claim 1 wherei.nlthe slider is moved in a continuous manner.
~ 4. The method of claim 3 wherein the slider is moved incrementally.

5. -The method of claim 1 wherein the slider is moved a distance between about 0.1
';o 0.9 times the width of one plowing surface each rotation of the disk.
6. The method of claim 1 and further comprising the steps of:

stopping rotating of the disk into the plowing surfaces after the disk surface has
been plowed; .and .

rotating said plowed disk in the other direction so that normal operation of the

disk drive may commence. REPLACE‘MENT SHEET
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