18 CLAI Ms “1 A‘e}'ata storage device conprising: a disk haih%%oa%’éat(é' ,
storipg surface means for controllably rotating said disk 'WMVA Q%aaﬂ,
sec, d'dlréctlons a slider supported adjacent the data storing sur Hﬁ’
sai d di sk, $aid sl i der transduci ng data when said disk is rotated in the
first di rect on; and neans. for noving-the slider to renove debris fromthe
data storing surface when said disk is rotated in the second djrection. 2.
The data storage device of claim1l-wherein said slider suggorts a head for

reading and writing daMBTHQD ANBHAPRARATYS,FRBe CHEANENCSOPISKS m 2 wherein

sai d head conprises a magnetoresistive transducer. 4. The data storage
device of claim2 wherein said head conprises a thin film magnetoresistive
transducer 5. The data storage device of claim2 wherein said head
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with a slider.

A disl'c'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. In
a disk drive, however, multiple disks are mounted to a
spindlé, and spaced apart so thaf_they_do not touch gach
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 appear-
ance. Data on the disks in a disk drive is not 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 portlon of the
circumferential track.

Disks in a disk drive are made of a variety of matsrizls.
The substrate has been made of glass, plastic or metal.
In the case of magnetic recordlng, a magnetlzable layer of

metal is placed on the substrate or inner core.' Data is

stored on such a disk by mégnétizing small portions of the- -_r

magnetizable layer of the disk. q;pe\portlons macﬁetlzed
will be in one or more of the sectors heuulonec above.} j@
The data is usually transformed or encoded 1nto.€i mbre
compact form before it is recorded on the disk.

Each
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material. 8. The data storage device of.claim1 wherein said slider is
conprlsed of ferrite. 9.  The data storage device of cllaim1l wherein said
slider is overcoated with carbon. 10. The data storage device of claim1
wherein said slider supports a ferrite transducer. head for reading and
writing data. 11. The data storage devi & of claim1 wherein said slider
has an outer dianeter rail and a back end surface, said slider further
conpri si ng ®#9RElemgsedaametimedycanebenttdianght ff o5 ReREPFEREIRY sai d
outer di ametgreHat |a agtha@cePtzdRg, di sk surface, and the back end surface of
t he slider. REPLACEMENT SHEET 14 AUG 1997- 2
portion so magnetized can be thought of as representing either a one or

zero. -In ordy é£deRgBet magniehtd zelthas surffacelick, aadiskl,| acemaldr cebl ock,
o it Sk 8B o LRI Rhea b B bt TR RS-
tracks. Moriee speansducer, known as a read/wr;te head is 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 the 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 again. This time, the small magnet-
ized domains of the disk induce a current in the
read/write head transducer. By detecting the current from
the read/wrlte 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-spaced 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 servo 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 inclgdiﬁg some
servo information in each sector on the disks.



C|f|cally, the read/wite héad.is flown at a height of approximately 0.15
i cromefers (six mllionths .of an inch) or less fromthe surface of the -
disk. During flight, over-the disk surface, the read/wite head is

energi zed to various states, causing a domain within a sector in the track
below it to be magnetized. To retrieve dat3da stored on a disk, the

read/ wite head is flown over the disk.again. This tine, the small nagnet-
i zed domai ns dfhé heedamkci matesrialc womprising khe calider t candathe head -
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ébout its-spine, causing the heads to move in a direction
. radial to the disks. The motor is controlled based on
feedback from the servo information and wi;h knowledge of
whére the desired data is physically ;ocated 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-actuator arm
while otheérs 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 asseﬁbled in a clean
room, to help ensure that particle contamination is mini-
mized. 1In spite of such precéutions, 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



tion is nmade up of nagnetized portions of the disk that contain i nformation
about fhe position of the head on the disk. Such servo information from
ong disk can“help in determ ning where the heads on all the other disks are
| ocat ed. Further help may be provided by including sone servo infornation
I n each sector on the disks. 3 The ceramc material conprising the
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of the disk using an actyator arm actuator arnms for multiple heads
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know edge of times actually destroy data stored on the disk or damage '
data heads. Collisions between heads and partlcles have
become known as "head crashes" because of the damage that
- occurs. = Dust particles can be disastrous. Other parti-
cles also can cause damage, evén thougﬁ they -are much
smaller than common dust.

US-A-No. 4,594,617 issued to Tezuka, describes problgms
related to dust or debris that accumulates on the head
while the magnetic medium is rotatlng in a fixed direc-
tion. The solution was to use a cleaning medium, and
rotate it at a slow rateL in the: opposite direction. This
is stated to work for Fleaning the head, but does not
address the problem of cleaning!the’disk 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
jécket 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 UsS-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 a



where the de5|red data is physically Iocated on the dISk The slider is
aerodyném cal |y desi gned to fly close to the disk surface. Sone sliders
aressubjected to a physical force or bias-toward the disk surface by the
actuator armwhile others nay be reverseghiased, so that they actually tend.
to nove away fromthe di-sk surface. \Wen the dISk starts to rotate, the
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smal | as pr e\édtusieﬁ,staat stirofie mowementtoxf fair hdageratdy buddvard [farbm
probl ens when [ e o} e drive.
devi ce. Mbst ;évgg' greghse‘a}ﬁ%? fleggﬁave ;@%hc? lﬂéwﬁ&ghﬁ szﬁgl t ake
particles avva:,lefsr,om!!CheD'GhSR partirdess nofyde digledgeds ﬁ%@aﬁseél IShe
assenbl ed in A idhBN The slider was moved radially outward from the
disk center b'y' about one fourth.the width of the slider
per rotation of the disk.

Fibers contacting the disk surface were used in US-A-No.
3,366,390 issued to Applequist et al. to disledge dust
particles. Air flow from the rotating disks then carries
the particles off of the disks .

All of th_e previous solutions were directed toward larger

particles than presently are encountered. Such large
particles were easi.jl.y‘ dislodged, and spun off the 'disk
surface. The small particles which cdause 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.

Removal of debris from a disk surface of a disk drive
device is accomplished by rotating the disk towards the
back end of a slider. The slider is then moved incremen-

tally radially outward and essentially removes debris from
. the disk.

The slider also serves to support a read/w.rite head above
the disk surface for reading and writing information on’
the disk surface. A front end of the slider is tapered in
a direction away from the surface to provide an aerbdynam—
ic structure that is capable of generating lift. During
normal operation, the disk is rotated into the front end
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room to help ensure that particle contamnation i's mni- m:zed. In spite.
of such®precautions, particles are still generated in the formof human ~
skin flakes and plastic and steel particles having masses on the order of
nanograns and picograns. Such is the nmagry tude of the contam nation 4

problens that are currently being faced. In spiite of all the precautions,

sone parti cl e3¢ Be 081 186¢ hsnaniﬂe' bér K&IPs (1 dBiderdtd OckgeRpbhe .
sliders fromsticking to the di sks wheh the disk_drive has been powered
down.  Such paetfAérEsatan €gsirgdshedphsn  FBedP&EKs - the) sbider
tci) lrfF_s act ualblyisegt Eswixdg; aréat:ﬁar_dw ﬂgs P1HheOr ofarmge dahkhh@gﬂﬁace,

I sions betwee e and _partic] es, have cone own "he crashes”
because of th@hﬂﬁﬁaﬁﬂggiﬁ bEchPsac DfJ’slfepaarc?? 1S %wbea@?%!ésﬁ%ué?ssﬂ
Q her parti- fsesnailesb tawardusheddvacie, eaderof hthgh shixjer ar delordls siml | er
than common dggilected at the back surface. '

During construction of the disk drive, which is usually
done in a clean room environment, debris, measuring in the
single digit microns (.001 'millimeters = 1 micfon) is
generated, and can accumulate on fhe disk surface. When
the disks are rotated into tﬁe front end of the slider,
the debris slides under the taper, and then under the
slider, where it can be smeared onto the disk's surface,
or worse yet, the .debris can scratch the slider or disk
surface. .

By rotating the disks in reverse,-toward the back end of
the sl:iLder, debris either stacks up on the badk end of the
slider, or is swept off the disk. During disk drive as-
sembly, -the slider is merged with the disk, and ends up
being set down on the disk surface, referred to as being
loaded, near the center of the disk. When the disk has
started to rotate toward the béck of the slider, the slid-
er 1s .gradually moved toward the outside of the disk.
When the entire disk surface has been swept, the disk
rotation is stopped, and then started up again, this time
with the disk rotating toward the front end of the slider.
Debris which accumulated on the back end of the slider is
_then.either duniped at the outer edge of the disk, or re-
mains harmlessly on the back end of the slider.

In one 'prefer.red embodiment, the backwards sweeping opera-.
tion is started as soon as power is supplied to the motor
to start the disk rotating backwards from normal opera-

tion. .The outwards sweep is completed prior to the disk
reaching full rotational speed. While normal rotational
_—
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US- A-No. 4,594, 617 |ssued to Tezuka, descrlbes problens related to dust or
debris that accurul ates on-the head while the magnetic mediumis rotating
ina fixed direc- tion. The solution was to use a cleaning medium and
‘rotate it at a slowrate, in the opposite-direction. This is stated to work
for cleaning the head, but does not addreds the probl em of cl eaning the
disk itself. It also requires access to the disks, which is diifficult.in a

seal ed di sk dvelocddiies ane, ayeakey, tham S000; ratatiens, REhefinugey
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probl ens faced he.req’rEl eetrg%égd raRdduéﬁsﬁiréEdfﬂ?% ﬁﬁma'ﬁ_hed,ybilgssur,fsaces
r ep

were exposed t Fﬁb nosp The size o articles which cause
probl ems in tduzapred agidar dihsk sldders devi ces are orders of magnl t ude
smal | er than those faced .by Chennowet h.

One advantage of the present invention is that the debris
is first swept off the disk prior to running the disk in
the normal direction, and. possibly smearing or damaging
. the disk surface or head. By slowly sweeping outward,
most of the debris accumulation occurs on the portion of
.the back of fhe slider closest to the outer edge of the
disk. This helps keep the debris away from the head,
which is usually more centrally located at the back of the
slider. ' :

By periodically performing the sweep, debris is kept from
accumulating.on the disk surface. . Since little if any
debris travels beneath the slider, the risk of any damage

- to the disk, slider or head is minimized. In one embodi-
ment, the sweep is done every 500 start stop cycles, or
after 1000 hours of continuous operation of the -disk
drive. In yet a further embodiment,lthe sweep is done
when data error rates reach an undesirable threshold.

The disk éweeping operation is also useful with portable
type disk drives which ére designed to plug into computer
systems, and be carried away, perhaps'tb a different com-
puter system. Removable disk drives may be subject to
more shock and vibration than most disk drives which were
designed for use in a fairly stable compufer system. The
added shock- and vibration can cause debris trapped inside:
the disk container to be redeposited on the disk surface.
Such debris is easily removed by the sweeping operation.
Disk drives are also finding their way into applications
outside the normal desk top computer configuration, such

\
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In US-A-No. 3,609, 721 issued to Meneley, dust particles were cleared frgma
di sk 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

I nventor that sone particles struck the.-rounded side of ‘the slider, and

wer e di sl odged. There was_ al so dez_.sgrl n of gl d_ -
| ateral ly oufar'PRYYMm ‘iﬁfﬁ%‘?él?lﬁse' slii‘%'eﬁéﬁhglg%%gh%%g ggﬁgéfrg?a |ds Ia(ﬁged
parti- cles, mobdlatshertipayt tobegiddt o sibjiedhelo aarg Vibratisp and

The slider L d]?dﬁ%dgﬁbéyma t wehd 1f AR vdisS lo L EUET phYsaleuly ie

fourth the w ] ] der per rotation of the disk. Fibers contacting
the di sk sur saeepidIe IRMantiPnyS- A- No. 3, 366, 390 i ssued to Appl equi st et
al. to dislodge dust particles. Air flow fromthe rotating disks then
-carries '

For a better understanding of the present invention, ref-
erence 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. 3 is a block diagram of a spindle_motor controller.
Fig. 4 is a perspective view Sf a_disk slider. .
{

Fig. 5 is a bottom view of the disk slider of Fig. 4.

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

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. 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 control-
ler. '

These drawings are not intended as a definition of the
invention, but are provided solely for the purpose of
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the parficles. off of the disks. Al of the previous solutions were
directed toward | arger particles than presently are encountered. Such

| ar‘ge particles were easily di-sl odged, and spun off the disk surface.
The smal|l particles which cause problens ¢n today's di sk drive devices do
not di sl odge so easily. The prior solutions have not proven effective in

clearing disk, surfaces. | S dr® : br i m L SiK3
surface of a ﬂig sg??gégée\s}::ﬁ 0%2 gggé%?:%ﬁ%el i sﬁegl 1&%“?’% a‘%ﬁ'snghg heﬂaﬁrﬁ&f%r\l/vafds
t he back end désaribedebeld¥e slider is then noved increnen- tally radially
outward and essentially renoves debris fromthe disk. The slider also
serves to support a read/wite head above the di sk surface foer readi-ng and
witing information on the disk surface. A front end of the slider is

tapered in a gigecty opsaway éxplodbe siehaceft e pliwk ddrawegerimiwated c
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a housing cover 14 which, after assembly is mounted within
a frame 16. The houéing 12 and hdusing cover 14 form 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 shown in Fig. 1).
On the other end of the actuator arm assemblf 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- e
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-



6 of thé slider, and the taper helps the slider to fly above the disk at .a

desired.height. The back end of the slider rises fairly normal to the plane. -

of the disk surface, which enables it to act like a debris plow. \Wen the
di sk is noved toward the back end of the slider, debris is collected at the
back surface. During construction of the i sk drive, which is usually done
in a clean roomenvironnent, debris, nmeasuring in the single digit mcrons
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back end of tﬁ%d s Yerthef St 8CKS up ontheb
cal energy is .input to the stator so that the polgrlty of

the stator is constantly changing and rotating. The hub
maénets 42 on the hub 40 follow the changing 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- -
ﬁer“ 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
time 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,electricéi ehergy 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 a processor 62 via a signal con-
verter 64 by lines 66 and 68 respectively. Lines 66 and

68, as well as other lines.depicted in other electrical.

diagrams in this specification comprise the éppropriate



slider, or is swept off the di'sk. = During disk drive as- senbly, the slider

S nerged with the disk, *and ends up being set down on the
referred to as being Ioaded .near the center of the disk.
has started to rotate toward the back of the slider, the sl

di sk surface-
Wien t he di sk
id- er is

gradual |y noved toward the outside of thELdisk. When the entire disk

surface has been swept, the disk rotation is stopped, and t

hen started up
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rot ati onal

some embodiments, it also. provldes veloc1ty of rotation
information. '

Processor 62 may be any standard type of microprocessor
such as one from the Motorolla 68000 family. It is cou~
pled to a memory 70 ﬁhich stores programs for control of
the current supplied to stator 52. Other programs include
those which control the positioning of sliders and the
actual readlng and wrltlng of data on the disk surfaces.
Processor 62 controls a current generator/amplifier 72 via
line 74. Amplifier 72 provides current to the stator
ﬁaghets S52 wvia 1line 76. Line 76 comprises électrically
yconductive 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 sfator 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 more 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

tagjrene nbr mel
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velocities are greater ‘than 5000 rotations per mnute, the backwards sweep
operation conpletes prior to the velocity reaching 1000 rotations per - ~
mnute. This relatively |ow speed prevents the head fromattaining lift .
of f velocity during the sweep and ensures that mninmal debris is trapped
under the slider. One advantage of the pr&2ent invention is that the debris
is first swept off the disk prior to running the disk in the nornal
direction, ancligexsilfio), saehriisngampedhragiyndriome theslishr surfage -heThe '
By slowy sweepj r . t ebrEs o td u o] he _
portion of th&%%yﬁhgh‘éﬁkf’% oj':s]ieafst§j ?%ftﬁggoggg?{aé eag%ct%\%dd?% .

Thi s hel ps keand @t delsiesireshneiaht rhemdhe refpthAves vedosity kstween

centrally locahRd &f;dde PO6Kafl WAGKS!dllSacBrdiniayli #akbytaenl aefeng the
sweep, debris is kept from accunul ating on the disk syrf

ace. Since.little
i f any debris Thendataidehef suate TaMRer ,anfihéemglwnaf*'lgnfﬁaaﬁ&&&r%&%tlﬁé _
di sk, slider qird6asii %nbwi Mizathe drt.ona eithedidetatlied trepreweataitsodone”

every 500 st arc;[f S'éﬁ)g ggx%;')éflzog.s 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, é 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 formed of a ceramic materi-

f al. Ferrite, aluminum titanate, carbon 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 pldwing 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-
mualating on the back end of slider 136 indicated at 142
are not to scale. . It can be seen that the outer edge 130



after 1000 hours of continuous operation of the disk drive. In yet a
further "embodi nent, the sweep is done when data error rates reach an .-
undesi rabl e threshol d. The di sk sweepi ng operation is also useful with - .
portabl e type disk drives which are designed to plug into conputer systens,
and be carried away, perhaps to a differen3 com puter system Renovabl e
di sk drives may be subject to nore shock and vibration than nost disk:
drives which wefesﬂééégnkdOfoonbaénénaachambby,sWhﬁbh makpat@hesydmadumﬂhe

added shock a&g yi prat .qﬁﬁ ;ggegegg ﬁéaggg Ch@%l 1de dhgk 3]36

contai ner to be ede osi k su ace rls I S eas
renoved by thé{@mﬁﬁrngl§péﬁatﬁt@¢P Binudly | Hespreeent sdebridi ﬁg‘oinhéﬁl%y

into appl i Cat'%é%euﬁﬁaéﬁ {:Hé Bawahodeskrhapcﬁama&ea GURiFlagler For@is aaiich
8 as | aptop conputers nove i nto coplgrs and auto rmbllesJt thgy
too will be su#pete £§ mm.%r%.sﬂdaﬂas (60’ degrees) between 1

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 1ift 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 theé back end 216
of the slider gOO, 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, énd 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 respectively 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 backwards.



shock, and thus may avail thensel ves of the present di sk sweeping o )
invention. For a better understanding of the present invention, ref- erence
can be made to the acconpanying drawings, in which: Fig. 1 is an expl oded-
view of a disk drive device. Fig. 2 is ajgetailed-view of a spindle and
spindl e notor assenbly for the disk drive of Fig. 1. Fig. 3 is a block

di agram of a rapimikge crot,o[)a Ceepr Alile@r i -oﬂidid alwﬂghSFi%?stf E)&; V’i@WE% a6
di sk slider. Fi.g.,5..S a bottomyiew t he .di_sk,.sl.i der i : :
's a block diCEACREREIE \uf of LTIEF T 8éﬂt SBAd S ALER) AT TO2 £ gffkl is a
bl ock di agr amldidse \3@Qv b tbtabhed ¢&odaofsuspdinEdosl 302, which8issra-

erspective \ f ' sl i ] i b L Vi he _di.
BF T dor of i SRttt Llideo dhask [ S0d, SMROTALR TR MNBRNRE |
a bl ock di agofmesnegntricatoackst onteomhigh the nmagretidr infagmagiennot

intended as gglefipbiied.of tHe inner diameter 308 is the innermost
' concentric track on which data may be stored. There is a
physical crash stop which physically prevents the é.c{:uator
from moiling slider 300 further in on the disk 34 than
inner diameter 308. The outer diameter 310 is the outer-
~most concentric track on which data may be stored. .The
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 operafi’on. In the
backwards sweep operation, the actuator is biased against
the inner diameter craéh stop so that the slider 300 is
located on the inner diameter 308. The outsidé prlowing
edge of the slider 300 does not line dp 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 vary
depending on the different rail widths of different slid-
ers. It is moved about one-half the width of'.the pPlowing
) 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 be 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



i nventjon, but are provided solely for the purpose of 9 illustrating .
the preferred enbodi nents of the invention described below. Fig. 1is an-
expl oded view of a disk drive, .- indicated generally at 10. Disk drive 10 -

i ncludes a housing 12, and a housi ng cover 14 which, after assenbly is
nounted within a frame 16. The housingl$2 and housing cover 14 forma disk
drive enclosure. Rotatably attached within the hous- ing 12 on an actuator
shaft 18 i s maveaci@amedearatasbentind 20f Pashacrekations m absenthpra)

i ncl udes an gpdil 106K mbdre S\ latie? eyl b&‘éhs%'dﬁ%%ﬁ Eﬁ&t”gdé Hg“i:@' ity

of arms 23. Attached to the separate arns re | oad
springs 24, "BmBRAEYTRL( SavRPaS aEe§u§|9§ﬁ§F-8ﬁs AFPﬁclﬁftFlht dﬁ-ﬁéeEﬁﬁtof

each | oad spyiigly dfive 5l rdatine whpelRimahth€soheas/ Wddial r&dE st agémot
shown in Fi %s Q thoe1 évr;gegt herIner&%eofenh)%%l?ncetn%at% rmrgggge:{rgl %0 ogposme
up open loop wile the slider is moved. If spindle motor
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 sllder is moved .
past the outside data track, and then the disk 1s stopped.
Preferably, the disk rotation did not exceed 1000 revolu-
tions per minute. -At that spéed, liftoff vélécity for the

i slider has not been achieved, and the debris accumulating
on the plowing edges does notlget 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



the 1 oad springs 24 and the sli'ders 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 nmotor which applies a force to
the actua- tor assenbly 20 to rotate it about the actuator shaft 28. Also
mounted within the housing 12 is a splndl &shaft 32. A hub assenbly 33 is

rotatably attaghed dl e shaft: The spindle assenbl :
i ncl udes the EFFNQ glesaﬁ;;f t"ﬁ%fq'é % 2%1’5%@';‘0 ’37P mation (W ¥t%ﬁlgﬂf‘
di sks 34 are att dehst onet lof thie disksbBg.33A" éeneéﬁmerlaZFpgovidedlﬁh& 34

are attached £BsiRachul 2p3EBRL PR Wi Sy slankhally edual spacipg

bet ween each 32%3n
shown. The h@bogeseey ;623.3 aasnccgu*esosllh@bbxtOprhqbanagrse:tosredz im memety

bearing set 44¢,a S6h beag|pgeaet géﬁerﬁtgﬁfgﬁﬁ}]fﬁ.efegb ¥ a2 R 8%

magnetic fluid Seal 50. Attached to the spind 32 1's a stator
which is a seF°oP?&YHQ$ e GAd enangdctta dhe aFtuahonfeicks - 39 nviper a-

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 séeh from the preceding description, there are
opportunities to increase the speed at which the sweep
operation is performed.. 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 rad:l.ally
outward movement of the slider are ~used closer to the
inner diameter track. This results in fewer disk rotation
required to éwegp the track clear. One could also modify
the rail shapes at the back of the slider 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. Proéeésor 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-



10 tion, the stator 52 on the spindle shaft 32 and t he 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 di sks 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 rotati &3 The hub magnets 42 on the hub

40fo||owthq.§ngg olarity S r Jigrates .
i n excess of revgﬁl%)t i %ﬁgppgpe%a%&tg&el lg'I n An%s%ea Egmpgga ?ce i%- "t he
coi | s in stataamtsihuegd, andmmtessqits genegiatesi landorerr@sp‘omswgqaooa' hub
mag- net. Wensty@arting the in-hub motor, electrical energy is applied to

each pair of stator coirls in a well known man- ner. The application: of
energy is alternated between the two magnets of each pair so that the hub

nmagnets 42 arg a4l fakthae! @tibodimdatsarthedimamd®rof kBattaktyp kRhehe
time the dlrefte t‘o:g S bfilic)kgards fromthe nor read/ wite déEectloQ Thi s
is usually dét §, LSkydrive dp Jueptfored by processor

- predetermined number such as 500 or 1000 of such cycles,
the sweep operation is initiated by processor 62. The
number of such cycles will vary from drive to drive, and
is easily determined by experimentl The affect on perfor-
mance is also a factor which is éonsidered In' one em?
bodiment, 1f the desired number of cycles is approaching,
the sweep 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 e:mbodimenti, . processor :62 monitors the
number of hours of gontinuous 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, movihg and sticking repetitively
during start up, it may be desirgble 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 undefstéod 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. -



direction of wel | known direction detection techniques
are used in variols His , Including the sensing of the spin- dle
motor current referred to as back enf dggection as well as the use of the

sensor ,i ndi cat ed atm53$~LL\Lﬁgﬁg{rectron is Opposfte-that i ntended, the-
energy is reddiﬂ“ﬂmg%!% €r coil in the pairs of coils to reverse the
ity |

Hal | sensor. The direction of ‘rotation is usually detected very quickly,
within a few pul ses of eftectrical eneCh)IM8 the coils. A block diagram of
the circuit is showmn in Fig. 3. A sensor 60, which corresponds to sensor

53 in Fig. 2, de- tects t+he direction of rotation of the disks. Sensor 60
provi des a 3i-gnaP Aapresénragey deyicehcomprigéndson of the rotation of the
di sks to a processor 62 via a signal con- verter 64 by lines 66 and 68
respectively. Lines 66 _and 68, as well as other |ines depicted in other

el ectrical di agr #an81fK PRVINGpECARtRAETESRIBINSRFERSBRe appropriate

means for controllably rotating said disk in first
and second directions; and

a slider supported adjacent the data storing surface
of said disk, said slider formed to allow transduc-
ing data when said disk is. rotated in the first
direction, and to remove debris from the data stor-
ing surface when saia disk is rotated in the second -
direction. '

2. ~ The data storage device of claim 1 wherein said slid-
i er supports a head for reading and writing data.

3.  The data storage device of claim 1 wherein said slid-
er has an outer diameter rail, and wherein a plowing
edge is formed by the intersection of the surface of
the rail adjacent the disk surface, and the surface

comprising the back end of the slider.

4. The data storage device of claim 3 wherein a second
plowing edge is formed by the intersection of the
outer diameter edge of the slider and the surface of

the outer diameter rail adjacent the disk surface.
5. A data storage device comprising:
a disk having a data storing surface;

means for controllably rotating said disk in first

and second directions;

-
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type of conmuni cat”mlntmn' ELsE as a paral lel or serial electrically.
conductive wire, o “m”mﬂm ally con- ductive lines. Converter 64.
operates to change the® silgnal #rom sensor 60 to one understood by processor

62, such as a digital representation of iﬁpe direction of rotation. In sone
enbodi.nrents, it also provides velocity rotation information. Processor

62 may be any stand e.of m.croprpcessqQr .suc 0 he,.
Mot orol | a 68000 f%m%rlg&e\éft?qp§°€§ﬁ-doﬁ cte(?%a ﬁi%em?ir%/ %Oélg%%{c s%%r%%ce
prograns for contefl sefidt ki skuyr reerid sidplerechaving & cggurtace owmimy ogr ans
I ncl ude those whi %Iio‘%?ﬂ rghgtéheaﬁgsi tioning of sliders and the actual

g o At

reading and witi ata“on the disk surfaces. Processor 62 controls a
current generator/anplifier 72 via line 74. Amplifier 72 provides current

to the stator nagagittatdrVinkdnserid movin® ¥ReColBHeFeIrel LChFéQetLY-
conductive |ines ,sufficient to ermé synchroni zed eﬁer |za%| on of the
stator magnets SZWlPﬁdod%?'rH%‘?‘f)nF%ng]ﬁ%s £bES ¢ HreM s hfp 'af'éi%Erg 9rtag -
provi de current psus€acko shéehorsdiRhnNeisk52is0 raistsed hendi the tsecond

’ direction.

6. - A data storage device comprising:
a disk having a data storing surface;

means for controllably rotating said disk in first
and second directions; '

a slider supported adjacent the data.stbring surface
of said disk, said slider having a!surface forming a

plowing edge; ’ f

actuator means for moving the slider in a predeter-
mined manner to plow debris from the data storing
surface when said disk is rotated in the second
direction;

a frame for supporting the disk rotating means and
actuator means; and

a cover sealingly coupled to the frame for preventing
harmful particle contamination from entering the
data storage device.

7. The data storage device of claim 6 wherein said slid-  —

er supports a head for reading and writing data.

8. The data storage device of claim 6 wherein said slid-

er has an outer diameter. rail, and said plowing edge

. This Sheet Has Been Reﬂlaced 3 THIS SHEET HAS BEEN
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“rotate .in a desi ensor 60 provides |rrrred| ate feedback to
processor \MHI“ " m uﬂBs are rotating opposite the desired .-
di recti on, causes =s I I»er 72 to provide electrical energy to t he
ot her magnet in each pair of stator r'ragngbs 52. This causes the disks to

rotate in the other direction. Process 62 is also used to control the

vel ocity of disk rotation ring,the fre uen ergi zati f the
stator magnet pai Sy Sé?r%e P&e%ﬁﬁn& §F§8C éﬁ@r& fq}ﬁ i’ﬁ’@gﬁ‘% sﬂgwﬁ" :
nore de- tail in Rgil &m@g tRe d$bkdeurfaeehaankihrlelse rsadls, eA20£104
and 106 (al so ref q{l{g 1iyeas-air bearing surfac:-es) which are adj acent _the
di sk surface. Each as a surface 108, 110 and 112 which is toward the
front of 12 sllder 100, and is ranped away fromthe disk surface. The

ranps help tRe sligs dddd otbrihe devkcaubkacaadRd & |wherein a second
plowing edge is formed by the intersection of the
outer diameter edge of the sllder and the air bear-
iné surface of the outer diameter rail.

10. The data storage device of claims 4 and 9, wherein
the angle of intersection of the outer diameter edge
of the slider and the air bearing surface of the
outer diameter rail is sufficiently great to inhibit
debris on the disk surface from sliding under the .
rail surface. . .

11. The data storage device of claims 1 and 6, further
compr1s1ng :

means for monitoring the error rates of the disk
drive; and

means for initiating the cleaning of the disk based
on said error rates.

12. The data storage device of claims 1 and 6, further
comprising:

means for monitoring the number of start-stop cycles
‘of the disk drive; and

means for initiating the cleaning of the disk based
on said count.

13. The data storage device of claims 1 and 6, further

i -



and at ,a desireg_nnghL_mheﬁ—fhe‘relative vel ocity between the slider 100
and di sk surface “mn n IeveI The details of such ranps, and -
aerodynamni c chare‘m l““ known in the art. A nore detailed . -
representation of ranmph112 i's shovvn in Fig. 6.inrelation to a disk
surface 34. A not to scale particle of dehris is shown at 113.. The angle
between ranp 112 and di sk 34 is about -. 0087 radians (1/2 degree) in this
enbodi nent . At tmeanmc lfoendmddftof indne thlel derrdf0 ratd=er oFt echeadisk0
extends beyond thgy g,end 116 of slider 100. The head 120 is wound with

wire 122 to form an ‘el ectromagnetic transducer'. The wires are connected by
| eads 124 to conmon read/wite.circuitry. The slider itself is comonly

formed of a ceramifedwd efbe ilhltEguh&etha' WAl t@@aéﬁe &egﬁoeaeg

graphite are common material s use Sone sliders will be overcoate
car bon, or hydroge‘?fht%l"q:aﬁ":fﬁﬂ? ratpfy head 120- may al so be made of siml ar
mat er i aI s, and nmay be of the i.n- ductive, or nagnetoresistive types O her

types of heade, ar}r(ljea@st'eféxalmoni)it.ozs-iﬂge{geaﬂ gradcsafwsltlargos}éop cycl PLh
of the disk drive; and

means for initiating the cleaning of the disk based
on said count. '

14. A method of cleahing a disk surface in a disk drive
having a movable slider w1th a plowing surface on .
the back end of ‘the slider, said method comprislng'
the steps of: ‘

retating the disk toward thé plowing surface of the
‘slider;

moving the slider from the inner diameter of the disk
to the outer diameter of the disk during said rota-
tion;

controlling eaid slider movement so that substantial-
ly the entiae disk surface has been cleared of de-~
bris when the slider reaches the outer diameter of
the disk;

stopping rotation of the disk into the plowing sur-
faces after the disk surface has been plowed;

rotating said plowed disk in the other direction so
that normal operation of the disk drive may com-
mence.
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"t he present |nvenLLgn——Sevefaf—prﬁﬂrn edges are forned by the-back end 116
and an outer diane m ﬂ“‘fmmmﬁl i der 100. The outer diam eter edge 130
i s“the edge of the““\‘ﬁ I\ closest to the outer di-aneter of the
di sk where it nmeets*thé sur-"fdce of rail 106. The back end pl owi ng edges
are specifi- cally located at 132 and 13@2 espectively next to the disk -
surface where the back end surface nmeets rails 102 and 106. Debris is
accunul at ed @5 ¢ héBre edgtsodhefi idlaidi sl¢ | urther edobpriisdnds the steps
represented in Hgb?].'The repre- sentati.ons of debris on the disk and 140
mu

and debris accu- ating on the back end of slider 136 indicated at 142 ~
are not to scale. It can be seen that the outer edge 130 13 of slider

100 contains a chagheitoMiig erideSdtes [OWHY Edde vlvdlidiy as steep as

t he back edges 132 and 136. However, it is steep enough to prevent debris
from bei ng
initiating the cleaning steps when said. error rates

reach a threshold.

16. The method of claim 14 further comprising the steps
" of:

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

initiating'the cleaning steps wﬁen said number of
cycles reaches a threshold. '

—_—
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sivept under the rail 106. The chanfered surface forms an angl e of about-
1. 05 radi ans (60 degrees) between it and the disk surface. A second slider -

i ndi®tated 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 ranped away fr@mh the di sk surface. The ranps
~help the slider lift off the disk surface and fly and at a -desired hei-ght
“when the relative vel oci METHOPWANR ARBABATYRFOROCHEANINGKPESKPace reaches
a certain level. The details of such ranps, and aerodynam c charac-
~teristics are well known in the art. At the bac%&‘g%}ﬁzﬁ of the slider

+ 200, a magnetoresistive head 2 APFIRAGT QFa S P a substrate 222.

. The substrate 222 is about a 50 micron | ayer extendi ng beyond the back end

thin fiimres: &iveoadtn S SF7 8 AR BN HTEE ¥e W VR
' Several bondi ngigkuss 2Zrom2 281 sR2@eddnd BR7sdewlyvasvesPingorittofinent idre to
, comon read/w”ﬂﬂhéérﬁﬂgﬁéter of the disk to the outer diameter of the
' - disk while the disk is rotating backwards from normal.
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

operation is commenced.

. (Fig. 1)




C Qbecd 2o
ry. Several plow ng edges are forned by the substrate 222 and an OthﬁL B \
di angwe? edge 230 of slider 200.  The outer diam eter edge 230 is é“%ﬁ@écyﬁi
;pﬁ?g e”sli.der which is closest.to the outer dianeter of the disk where it - -
meet's the sur- face of rail 206. The back end pl owi.ng edges are specifi-
cally located at 232, 234 and 236 respectively next to the disk surface
where the substrate neets rails 203/7204 and 206. Debris is accunul ated by
t hese 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 306. The disk has a series of concentric
tracks onto which the magnetic information is recorded. The i nner
di ameter 308 is the innernost
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concentric, track on whi'ch data may be stored. There is a phy5|cal crash.
stop which physically prevents the actuator from noving sl.ider 300 further”
inon the disk 34 than inner dianeter 308. The outer ‘dianeter 310 is the °
outer- nost concentric track on which data may be stored. The slider 300
novenent across the tracks is rotatgfqzl about the actuator shaft 306. The
disk as viewed in Fig. 10 is rotate £hunter clockwise in normal data
readi ng and witing operation. In the backwards sweep operation, the
actuator is biased against the inner dianeter crash stop so that the slider-
300 is located on the inner diameter 308. The outside plomnng edge of the
slider 300 does not line up with the inner dia er, [gut is at a slightly
tangential angle to the inner dianeter 308. Wh t isk is started
backwards to initiate the sweep operation SlA is preferably noved

outward about .1 millineter; -whi n Wt h of the width of .
rail 106 in Flg 4, after each rat tj Ne [ gIsK. The preciseée distance
| to nove the head outward wit rof@at) pn {of dijldk will vary
! :
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depending on-the different rail widths of different slid- ers. It is noved
about . dne-half. the width of the plow ng edge in sone enbodi nents 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 partiiﬂf ar. plow ng characteristics, and
may even be greater than the w dth of e rail. The slider in Fig. 6 is
narrower than that in Fig. 4, so it is only noved .05 mllineters per
revolution of the disk. 1In one preferred enbodinent,the 15 nove is nade _
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 experinentation is required to opti- mze the
. sweep. I n one enbodi nent, the nmptor, i s powered up-open |oop wile the
slider is noved. | f spindle notor
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speed control is desired, it is easily programed for processor 62 and .
storec in nenory 70. As the slider in Fig. 10 noves closer to the outer
dijame- ter 310, the angle of the outside plow ng edge to the tracks
decreases so that the by the tine the outside diam eter track is reached,
t he back of the slider is substan- Hzﬂ)y'perpendicular to the tracks. The
slider is noved past the outside data t'rfack, and then the disk is stopped.
Preferably, the disk rotation did not exceed 1000 revol u- tions per m nute.

At that speed, liftoff velocity for the slider has not been achieved, and .
the debris accunul ating on the plow ng edges does not get the opportunity
to slide under the slider and snear the disk surface. Once the disk -

rotation is stopped and t'hen started in the normal direction, nost of the

debris is either dunped on the outer tracks, or remains on the back plow ng
edges of the slider. The term "plow 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 snow pl ow. '
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VWhile the latter node of operatign may be suitable, debris is accumul ated
by the*plow in the preferred enbodinent so that it is only renoved fromthe
sueface once versus con- tinually dunping and renoving debris as the slider
is noved radially outward. A block diagram of an actuator control circuit
is shown in Fig. 11, which is nunbergg'fonsistently with Fig. 3. An
electrically conductive line 80 is ¢ dgled to at |east one 16 servo
head, whi.ch reads positional information witten on at | east one of the

di sks 34. A converter 82 provides the positional information via a- line
83 to processor 62. Processor 62, as controlled by prograns stored in
menory 70, directs a current generator/anplifier 85 via line 87 to provide
el ectrical energy to the actuator coils 30 via line 90 to nove the slider
as desired. As previously discussed, the lines are representative of
means to comu--
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nicate with and/ or energi ze conponents. As can be seen from the precedlng
descrisption, there are opportunities to increase the speed at which the’
sweep operation is perforned. Since the outer dianeter sweep edge presents
a larger sweep profile at the inner diameter due tothe angle of the slider
" with respect to the tracks, in a furg@qf enbodi nents, |arger increnents of
radially outward novenent of the slidér ‘are used closer to the inner

di ameter track. This results in fewer disk rotation required to sweep the
~track clear. One could also nodify thes+ai| shapes~at t he of . the

' slider to present larg- er sweep aLeas. —~ s vioukd_ha 8 done with

. consider- ation of the aerodynan< etf€ctj u n nornal‘rqao ite operation.

| A further inprovenment involves Adet (nlnlﬂ OwW nmany norenronations are

| required to conplete the sweep/, and t hen tting power to\ he\ di sk rotating
! notor so.that the disks stop fot/ating Imm%hEHE1y.QLL§ \Sweep oper a-.

| tion has occurred. This elinfnates extra't equl Red ?o stop\t he di sk

. backward rotation prior to ¢
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In one preferred enbodi ment, the frequency of disk clean- ing is controlled
by pr,ocessor 62. Processor 62 nonitors the error rate in reading data from
~ thedi sks. Wien 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 atnggéft tenporarily dis- continued, and
processor 62 generates and error age or alert. In a further enbodi nent,
t he 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 experinent. The
| affect on perfor- mance is also a factor which is considered. In one em

bodi nent,. if the desired nunber of cycles is approaching,
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the“‘gvmﬁp. is initiated by processor 62 during a period of relative %0001’3—1
~inacti-vity of the drive so as not to inpact per- formance. In yet a TW

- enbodi ment, processor 62 nonitors the nunber of hours of continuous W s m?\‘f
‘operation of the disk drive. Follow ng 1000 hours of such operation,

processor 62 ini- tiates the sweep operatfon. If highly polished disk

surfaces are used, the slider may stick to the disk surface during start

a o St ! rta S
o i ng. ot ar piier Wil & ol spiRLP bidrile" oo T\ o3 el dEtdsBing S8R Y Bl
means of a gty TP vaf bEcVed Sy e iRbdiBsr thhi ddme SAHiEKEs SRECS theSSGRICRSSI®Y of the

. shapi ng the net used to make the load springs, or bonding on-further

elenments, agidérad weteldidoddel. Thege WasalRe dedchibedlld StforgNfotéited &F hirmaaedlyof
+ practicing it have been descri bed. It is to be understood that the

f oregoi ng dmaward fionn umsler Ithe stidert, | wiich riejpsatod chlrpt disibidged pemiclesandd other
t echni ques can be enpl oyed w thout departing fromthe full scope of the
i nventi on geartides mpbeal disodgid, clear of the slider. The slider was moved radially outward

from the disk center by about one fourth the width of the slidér per rotation of the disk.

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 disk 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'is disk drive devices do not
dislodge so easily. The prior solutions have not proven effective in clearing disk

surfaces of such debris.

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of

the prior art.

According to one aspect of the invention there is provided a data storage device
comprising: a disk having a data storing surface; means for controllably rotating said
disk in first and second directions; a slider suppoﬁed adjacent the data storing surface of
said disk, said slider transducing data when said disk is rotated in the first direction; and

means for moving the slider to remove debris from the data storing surface when said

disk is rotated in the second direction. REPLACEMENT SHEET
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apﬁbnded cl ai ns. 18 CLAI M5 1. A data storage device conprising: a disk
- having a data storing surface; nmeans for controllab
first and second directions; and a slider supported
storing surface of said disk, said slider forned to
data when said disk is rotated in the fir8t directipn, 44JAUG 1987o\e [debri s

'ing

fromthe data stor- ing surface when said disk is fotated in the gedond

di recti on.

2. The data storage device of claim1 mwherein sard sfrd-f er

supports a head for reading and witing data. 3. The data storage device

of claim 1l whergidprs

pl owi ng

igdo Shodler SpeStast theirfEftfon HERNE pPovidad 4 daorubeasiice a
comprising: a disk having a data storing surface; means for controllably rotating said
disk in first and second directions; a slider supported adjacent the data storing surface of
said disk, said slider having a surface forming a plowing edge; and means for moving
the slider to plow debris from the data storing surface when said disk is rotated in the

second direction.

According to still another aspect of the invention there is provided a data storage
device comprising: a disk having a data storing surface; means for controllably rotating
said disk in first and second directions; a slider supported adjacent the data storing
surface of said disk, said slider having a surface forming a plowing edge; means for
moving the slider to pldw debris from the data storing surface when said disk is rotated
in the second direction; a frame for !supporting the disk rotating means and actuator
means; and a cover sealingly coupled to the frame for preventing harmful particle

contamination from entering the data storage device.

According to still another aspect of the invention there is provided a data storage
device comprising: a disk having a data storing surface; means for controllably rotating
said disk in first and second directions; and a slider supported adjacent the data storing
surface of said disk, said slider transducing data when said disk is rotated in the first
direction, and removing debris from the data storing surface when said disk is rotated in

the second direction.

According to yet anoth_er aspect of the invention there is provided a data storage
device comprising: a disk having a data storing surface; means for controllably rotating
said disk in first and second directions; a slider supported adjacent the data storing

surface of said disk, said slider having a surface forming a plowing edge; actuator means

i sk in



edde is formed by the intersection of the surface of the rail adjacent the
di sk surface, and the surface conprising the back end of the slider. 4.
The data storage device of claim3 wherein a second plow ng edge is forned
by the intersection of the outer dianeter_edge of the slider and the
surface of the outer dianeter rail adjacéﬁt the di sk surface. 5. A data
storage device conprising: a disk having a data storing surface; neans for

controf | bl Lk 16 SRl k! bk Bdm8E BECOBFNE sGRGL VBB sid i

sl i der suppor a storing surface of sard disk, sai

slider havigigied mUife?s&ohd' ditedfion; B! QA Jof d6bordal! R disk! RftatifR? Rfeah® and
noving the slider in a predeter- mned manner to plow debris fromthe data

storing -  actuator means; a cover sealingly coupled to the frame for preventing harmful particle
contamination from entering the data storage device; means for monitoring the error
rates of the disk drive; and means for initiating the cleaning of the disk based on said
erTor rates.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

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

i

Fig. 2 is a detailed view of a spindle and spindle motor aésembly for the disk drive
of Fig. 1.

Fig. 3 is a 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.

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. REPLACEM-ENT SHEET
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surface ‘when said disk is rotated in the second direction. 6. A dat a
storage device conprising: a disk having a data storing surface; neans for
controllably rotating said disk in first and second directions; a slider
supported adj acent the data storing surfacse of said disk, said slider
having a surface form ng a pl ow ng edge; actuator nmeans for noving the
slider in a predeter- mned nmanner to plow debris fromthe data storing
surface when said disk is rotated in the second direction; a frane for
t supporting the disk rotating nmeans and actuator neans; and a cover
- seal i ngly coupl Big. t0is tal otofra wiew off the dskatidenef Figr 8f ul particle -
* contam nation fromentering the data storage device. 7. The data storage
device of claim6 wherein said slid- er supports a head for readi ng and
witing data.

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




8. © Thé data -St-orage—devtee—of—¢€t aim 6 whereln said slid- er has an outer
- dianmeter.rail, dge[err . 20 is formed by the

i ntersection of T[m“mllﬂll“uﬂMHﬂl e rail adjacent the disk surface, and the
back end of the Slifert 9" 3 THe data storage device of claim8 wherein a
second plowing edge is forned-by the intetsection of the outer dianeter
edge of the slider and the air bear- ing surface of the outer dianeter
~rail. 10. The data storage device of ﬁ*ﬂ’ti%Af and 9, wherein the angle of

i ntersection of the outer dianeter edge o e slider and the air bearing

surface of it he puLErs EGth rlél sufficiently great to inhibit debris
on the disk surface %(?1-18 f:\lﬁ%? ng nde the rail surface.

a disk having a data storing surface;

means for controllably rotating said disk in first and secohd directions;

a slider supported adjacent the data storing surface of said disk, said slider
transducing data when said disk is rotated in the first direction; and

means for moving the slider to remove debris from the data storing surface when
said disk is rotated in the second direction.
2.  The data storage device of claim 1 wherein said slider supports a head for reading
and writing data.
3. The data storage device of claim 2 wherein said head. comprises a magnetoresistive
transducer. _
4. rf‘he data storage device of claim 2 wherein said head comprises a thin film
magnetoresistivé transducer.
5. The data storage device of claim 2 wherein said head comprises an inductive
transducer.
6. The data storage device of claim 2 wherein said head comprises a thin film
inductive transducer. |
7. The data storage device of claim 1 wherein said slider is comprised of a cerarﬁic
material. |
8.  The data storage device of claim 1 wherein said slider is comprised of fefrite.
9. .. The data storage device of claim 1 wherein said slider is overcoated with carbon.
10. The data storage device of claim 1 wherein said slider supports a ferrite transducer
head for reading and writing data.
11. The data storage device of claim 1 wherein said slider has an outer diameter rail
and a back end surface, said slider further comprising a plbwing edge formed by the

intersection of the surface of said outer diameter rail adjacent the disk surface, and the

back end surface of the slider. REPLACEMENT SHEET
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11.” Thé data stor ms 1 and 6, further conprising: neans
- for nonitoring theeimllm"mjm@“?”ﬂ e disk drive; and neans for initiating
t he cl eaning of the *di §k ba onsaid error rates. 12. The data storage
device of clainms. 1 and 6, further conprising: nmeans for nonitoring the
number of start-stop cycles of the disk dffve; and means for initiating the

cl eaning of the disk based on said count. 13. The data storage device of

claims 1 angh 6, The!lihiShora g@ﬁ%ﬁ%}[}ga}a}fll% whdrem shidS18EFRirther %gimng&SaJ{ lter

monitoring the error rate
diameter edge and a second plowing edge formed by the intersection of the outer

diameter edge of the slider and the surface of the outer diameter rail adjacent the disk
surface.
13. The data storage device of claim 12 wherein the angle of intersection of the outer
diameter edge of the slider and the surface of the outer diameter rail is sufficiently great
and sharp to inhibit debris on the disk surface from sliding under the rail surface.
14. The data storage device of claim 1 wherein said slider has at least one rail, and a
plowing edge formed by the intersection of the surface of at least one rail adjacent the
disk surface and at least one side of the slider.
15. The data storage device of claim 14 wherein the angle of intersection of the outer
diameter edge of the slider and the surface of said rail is sufficiently great and sharp to
inhibit debris on the disk surface from sliding under the rail surface.
16. The data storage device of claim 1 and further comprising:

means for monitoring the error rates of the disk drive; and

means for initiating the cleaning of the disk based on said error rates.
17. 'The data storage device of claim 1 and further comprising:

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

means for initiating the cleaning of the disk based on said count.
18. The data storage device of claim 1 and further comprising:

means for monitoring the error rates of the disk drive;

. means for initiating the cleaning of the disk based on said error rates;

means for monitdring the number of start-stop cycles of the disk drive; and

means for initiating the cleaning of the disk based on said count.
19. A data storage device comprising:

a disk having a data storing surface;

means for controllably rotating said disk in first and second directions;

REPLACEMENT SHEET
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dri‘ve; means he cl eaning of the disk basd’tEP(bﬁCFsMEW r
- rates; mear;m“”ﬁﬂ“ﬂ he nunber of start-stop cyfl ES of the disk
drive; and |ngthe cl eani ng of the disk aspglmgsnmd
count . A met hod of cI eani ng a disk rface in a di$kldrive having
nmovabl e sllder with a plow ng surface on The back end off the—sttder, said
- method conprising the steps of: rotating the disk toward the pl ow ng
surface of the asdliddesupporet AjabaR the 4418 Stofin P RUARR JfMBRY d as!a:ﬁitﬁfde%am
disk to the outer dianeter of the disk durifRg said rota- tion; control |ng
sai d sl i desurfasecfoemingsa pidwihg edgstandti al - |y the entire disk surface has
been cleared of de- bris when the slider reaches the outer dianeter of the
di sk; means for moving the slider to plow debris from the data storing surface when said

disk is rotated in the second direction.
20. A data storage device comprising:

a disk having a data storing surface;

means for controllably rotating said disk in first and second directions;

a slider supported adjacent the data storing surface of said disk, said slider having a
surface forming a plowing edge;

means for moving the slider to plow debris from the data storing surface when said
disk is rotated in the second direction;

a frame for supporting the disk rotating means and actnator means; and

a cover sealingly coupled to the frame for preventing harmful particle
contamination from entering the data storage device.
2]1. The data storage device of claim 20 wherein said slider supports a head for reading
and writing data.
22. The data storage device of claim 21 wherein said head comprises a
magnetoresistive transducer.
23. The data storage device of claim 21 wherein said head comprises a thin film
magnetoresistive transducer.
24. The data storage device of claim 21 wherein said head comprises an inductive
transducer.
25. The data storage device of claim 21 wherein said head comprises a thin film
inductive transducer.
26. The data storage device of claim 20 wherein said slider is comprised of a ceramic
material.
27. The data storage device of claim 20 wherein said slider is comprised of ferrite.

28. The data storage device of claim 20 wherein said slider is overcoated with carbon.



st oppi ng rot ationm—of—the—disk—+nto the plow ng sur- fac s SRERLAGEMENE S(‘J‘iEE

- surface has bee$ said plowed disk in thejfother directi
so that normal uﬂlﬂmmnmﬂl,'umﬁ' sk drive may com nente| [44AUG 19975.
met hod of claim 14 furthet conprising thez,Fteps of : nonftring error

of the disk drive; and initiating the cleaning steps wh¢nsard—error [
reach a threshold. 16. The nethod of claim 14 further ¢onprising the ste

uru O

of 1 noni t or291g The divd SRsthgdleviéa bt clain® ROGHEréia said slider BisSdn Stk ianielet rail,

initiating the cleaning steps when sai d nunber of cycles reaches a

t hreshol d. and said plowing edge is formed by the intersection of the surface of the rail adjacent the

disk surface, and the back end of the slider.
30. The data storage device of claim 29 wherein a second plowing edge is formed by
the intersection of the outer diameter edge of the slider and the surface of the outer
diameter rail.
31. The data storage device of claim 30 wherein the angle of intersection of the outer
diameter edge of the slider and the surface of the outer diameter rail is sufficiently great
enough to inhibit debris on the disk surface from sliding under the rail surface.
32. The data storage device of claim 20 wherein the slider includes an outer diameter
rail and an outer diameter edge, said plowing edge formed at the intersection of the outer
diameter edge and the surface of the outer diameter rail, the angle of intersection
between the outer diameter edge of the slider and the surface of the outer diameter rail
being sufficiently great and sharp to inhibit debris on the disk surface from sliding under
the rail surface.
33. The data storage device of claim 30 wherein the angle of intersection of the outer
diameter edge of the slider and the surface of the outer diameter rail is sufficiently great
and sharp to inhibit debris on the disk surface from sliding under the rail surface.
34. The data storage device of claim 20 and further comprising:

means for monitoring the error rates of the disk drive; and

means for initiating the cleaning of the disk based on said error rates.
35.. The data storage device of claim 20 and further comprising:

means for monitoring the mumber of start-stop cycles of the disk drive; and

means for initiating the cleaning of the disk based on said count.
36. The data storage device of claim 20 and further comprising:

means for monitoring the error rates of the disk drive;

means for initiating the cleaning of the disk based on said error rates;

means for monitoring the number of start-stop cycles of the disk drive; and
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37.
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22

means for initiating the cleaning of the disk based on said count.

A data storage device comprising;:

a disk having a data storing surface;

means for controllably rotating said disk in first and second directions; and

a slider supported adjacent the data storing surface of said disk, said slider

transducing data when said disk is rotated in the first direction, and removing debris

from the data storing surface when said disk is rotated in the second direction.

38.

39.

40.

The data storage device of claim 37 and further comprising:

means for monitoring the error rates of the disk drive; and

means for initiating the cleaning of the disk based on said error rates.
The data storage device of claim 37 and further comprising:

means for monitoring the error rates of the disk drive;

means for initiating the cleaning of the disk based on said error rates;
means for monitoring the number of start-stop cycles of the disk drive; and
means for initiating the cleaning of the disk based on the count.

A data storage device comprising:

a disk having a data storing surface;

means fdr controllably rotating said disk in first and second directions;

a slider supported adjacent the data storing surface of said disk, said slider having a

surface forming a plowing edge;

actuator means for moving the slider to plow debris from the data storing surface

when said disk is rotated in the second direction;

a frame for supporting the disk rotating means and actuator means;

a cover sealingly coupled to the frame for preventing harmful particle

contamination from entering the data storage device;

means for monitoring the error rates of the disk drive; and

means for initiating the cleaning of the disk based on said error rates.
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