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NEt hod And ‘Appar at us For Renpvi ng Debris From A SliderTPOS Cifg'l n a
br'sk Drive Usi ng Load/ Unl oad Technol ogy | d of the

| nventi on The present invention rel ates generfpe=ta _rotating disk
drives with | oad/unl oad ranps and nore particul arl Tt-ns SHedEL 0T —awe
fd

| oad/ unl oad ranp structure for renoving debris frun]thengp "¢
during | oadi ng and unl oadi ng. 1 - . Backorourd

| nventi on A magnetic storage devi ce typlcally conprlses one o

SLIDER CLEANING METHOD AND APPARATUS FOR DISK DRIVES WITH

T.0AD/UNLOAD TECHNOLOGY

Field of the Invention
The present invention relates generally to rotating
disk drives with load/unload ramps and more particularly, to
a method and load/unload ramp structure for removing debris

from the recording head during loading and unloadiryg.
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A magnetic storage device typically comprises one or
more magnetic disks, ‘each having at least one data recording
snrface including a plurality of concentric tracks of
magnetically stored data, means such as a spindle'motor and
spindle motor controller for supporting and rotating the
disk(s) at a selected RPM, at least one read/write .
transducer or "head" per recording surface formed on a
liguid bearing slider for reading information from and
writing_information to the recording surface, a data channel
for processingnrhe data read/written, a positionable
actuator assembly for supporting the transducer in close
proximity to aldesired data track, and a servo system for
controliing movement of the actuator assembly to position

'

the transducer(s) over desired ones of the tracks.
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nore magnetic disks, each having at |east one data recording surface
Yincluding a plurality of concentric tracks of magnetically stored data,
means such as a spindle notor and spindle notor controller for supporting
and rotating the disk(s) at- a selected RPM at |east one read/wite
transducer or "head" per recording surface fornmed on a |iquid bearing
slider for reading information fromand- writing information to the
recordi ng surface, 'a data channel for processing the data read/witten, a
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proximty rvo Systemfar controlling
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side a liquid bearing surface (LBS) of a desired
configuration to provide favorable fly height
characteristics. In contact recording disk drive designs,
the slider and transducer are in continuous contact with the
storage disk, which may be coated with a lubricant to reduce
wear on the slider. In-dontacf start/stop disk drive
designs, the slider and t;ansducer are only in contact with
the récording surface when the spindle motor is powered
down. As the disk begins to rotate, an airflow is generated
wﬁidh enters the slider's leading edge and flows in the
direction of its.trailing edge. The airflow generates a
positive pﬁessure on the tBS, also called an air bearing
surface or ABS, lifting the slider above the recording
surface. As the spindle motor reaches operating RPM, the
slider is maintained at a nominal fly height over the
recording surface by a cushion of air. Then at spin-down,
fly height drops until the slider is once again in contact
with the disk.

Because contact start-stop recording subjects the
slider and traﬂSduéer to extensive wear, some disk drive
designs alternétively employ "load/unload" technology. -
According to this design, a ramp is provided for each
slider/suspension assembly at the inner or outer diameter of

the disk where the slider is "parked" securely while the



- 2- Each slider is attached on one surface to an actuator armvia a
'l exi bl e suspensi on and i ncludes on an opposite side a liquid bearing
surface (LBS) of a desired configuration to provide favorable fly height
characteristics. In contact recording disk drive designs, the slider and
transducer are in continuous contact with the storage disk, which may be
coated with a lubricant to reduce wear ansthe slider. In contact
start/stop disk drive designs, the slider and transducer are only in

contact with the recording surface when the spindle notor is wer ed
spindle motor i pgwereg down. DurEng norma opera%gon, the

disk speed is allowed to reach a selected RPM (which may be
below the normal operating RPM) before the head is "loaded"
onto the disk from the ramp on the liquid or the air cushion
generated by the disk's rotation. 1In this manner, the
slider flies over the disk without significant contact with
the disk surface, reducing contact start-stop wear
substantially. : _ ' -

The sensitivity of the transducer to information in the
storage surface increases with decreasing slider fly height.
Thus information may be recorded at higher bit and track
densities on the recording surface if the fly height of the
slider can be maintained in close proximity to the disk. But
lower flying altitudes subject the slider ABS to the
accumulation of debris which may become lodged in the
transducer read and write gaps, impairing data transfer.
Debris may be introduced to the disk surface'during the
manufacture or assembly of the disk drive, from moving parts
that wear over a period of time, a faulty air filtering
system, or slider contact with disk asperities, for example.
Thg debris may also accumulate along the air bearing surface
feétures, degrading fly height performance. Fly height
degradation may be in the form of increased fly height
leading to signal loss, or a decrease in fly height leading

to "head crash", i.e., impact with the disk. Head/disk
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~down. As the disk begins to rotate, an airflowis generated which enters

“the slider's |leading edge and flows in the direction of its trailing edge.
The airflow generates a positive pressure on the LBS, also called an air
bearing surface or ABS, lifting the slider above the recording surface.
As the spindle notor reaches operating RPM the slider is maintained at a
nom nal fly height over the recording-surface by a cushion of air. Then at
spin-down, fly height drops until the slider is once again in contact

wih the ghilice can cHRSUISBRAN A6hn3b8"{s SLRD. {LLALALL0: SUBL £GLS, 1 NC

slider an ransducer to extensive wear, sone dis Ive designs _
al ternati¥gaYde8R! epatifdd/ LeHa0k i A§CINOLPENcovAeaPIdi deca9 this design, a

ranp is provided for each slider/suspension assenbly at the inner or outer
di amet er of It is therefore desirable to periodically remove head

debris. In contact start-stop designs, debris removal is
accomplished when the head comes into physical contact with
the disk surface. As the slider in contact with the disk,
the accumulated debris is scraped off by the disk surface.
In load/unioad designs, such cleaning is not possible, since
the.head preferably never comes into contact with the disk.

U.S. Patent No. 5,486,970 to Lee et al., is directéd to
a head cleaning apparatus mounted adjacént-to a disk
comprising a base, a.ratchet, and a cleaniﬁg-pad with
bristles rotated by the ratchet in a piane parallel to the
plane of the disk. The head is loaded onto the cleaning pad
by a ramp, and is cleaned by the rotating bristles. The
design is undesirable for small disk drive designs with
limited space at the disk perimeter, sinée sufficient space
must be provided to accommodate the rotating mechanism.

What is needed, therefore, is a space-efficient ramp
structure and method for removing debris from a slider
during the load/unload process so £eading, writing, and fly

height performance are not adversely affected.
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the di sk where the slider is "parked" securely while the
£3- spindle notor is powered down. During normal operatlon the disk
speed is allowed to reach a sel ected RPM (which may b . herow=the
operating RPM before the head is "l oaded” onto the [fi SHEETth
the liquid or the air cushion generated by the disk' ~_:_§EfEﬂCEbn
manner, the slider flies over the disk witshout significan 0

t he di sk surface, reducing contact start-stop wear substantially.
Summary of the Invention

Accordingly, the present invention provides a method
and load/unload structure for implementation in a disk
drive, whereby debris is prevented from accumulating on the
surface of a liquid bearing.slider by moving the slider ABS
across a stationary cleaning pad formed integrally with the
ramp structure during loading and unloading. As a first
aspect of the invention, space at the disk éerimeter is uSed'
efficiently by providing a stationary cleaning surface
integral to the ramp structure. As ano;her aspect of the
inGention, cleaning may be enhanced by dithering the slider
across the stationapy pad, e.g.; at selected resonant
frequencies, to remove a larger'volume of debris. As yet
another aspect of the invention, baffling may be provid-e'd in
the disk drive interior to channel the airflow_generated by
the disk such that it is directed over the cleaning pad in

the direction of an air filter.

Bri Descripti the Dr
The foregoing and other objects, features and
aqyantéges of thelpresent invention will be apparent from
the following detailed description of the preferred
embodiments of the invention, reference being made to the
accompanying drawings, whereih like reference numerals
indicate like components and in which:
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The sensitivity of the transducer to information in the storage surface
Fncreases with decreasing slider fly height. Thus information nmay be
recorded at higher bit and track densities on the recording surface if the
fly height of the slider can be maintained in close proximty to the disk.
But lower flying altitudes subject the slider ABS to the accumulation of
debris which nmay becone | odged in the transducer read and wite gaps,
impairing data transfer. Debris nay be introduced to the disk surface

during the nang.fi ctyre or, §‘§heém%1¥%‘g{ﬁ}f€ge%a,d“:" S"ﬁ Id% ilxg%%&r_i)@ <?gé/kng parts

that wear over €ri‘od"of " tTe, erl system or slider
vt ne. ERethdl, SR Shelp s XA Iy OB A0SRETURY
Fl'y hei ght Fig. 2 is a top view of an open rotary actuator disk
drive with a load/uﬁload ramp;
Figs. 3A and 3B are bottom and side views of an air
bearing slider with a side-mounted transducer;
' Eigs. 4A and 4B are enlarged top and side views of a
load/unload ramp structure; . -
Figs. 5A and 5B are top and sidé views of the
load/unload structure of Figs. 4A and 4B modified to include
a space—-efficient stationary cleaning pad in accordance with
the present-invéntion;
Figs. 6A and 6B illustrate the relationship between a i
slider and the cleaning pad of the load/unload structure of
Figé. 5A and 5B during loading and unloading;
Fig. 7 illustrates a dithering sequence in accordance
with the present invention; and
Fig. 8 is represents an embodiment of the baffling used
to direct airflow over the cleaning pads in a multiple disk

disk drive in accordance with the present invention.
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degradation may be in the formof increased fly height |eading to signal

“loss, or a decrease in fly height leading to "head crash", i.e., inpact
with the disk. Head/disk ‘ - -4-  inpact
can cause severe damage to the transducer sl i der, i :

e

resulting in unrecoverabl e dat a. S therefo e
periodically renove head debris. In cont ct start-s
renoval is acconplished when the head tones i nto physical contact

t he di sk surface. Agg%r_]ﬁ%ef_% : %@?tﬁéfﬁﬁ&tﬁﬁﬂi%ngthe accumnul at ed
debris is scraped o

The present invention shall now be described with

reference to a preferred embodiment, namely, a ramp
structure adapted for use in a disk drive implementing air
bearing sliders. It shall be understood that this
embodiment is provided for illustration purposes only and is
‘not intended to limit the scope of the invention as defined
in.the appended claims. For example, the present iavention
is easilf adaptable to contact recording disk drives when it
is desired to clean the liquid bearing surfaces of a contact
recording slider by periodically unloading the slider from
the storage surfaces. ‘

Referring now to Fig. }, a magnetic disk storage system.
-comprises at least one rotatable magnetic disk 12 supported
on a spindle 14 and rotated by a disk drive motor 18 with at
least one slider 13 positioned on the disk 12, each.slider
13 supporting one or more magnetic read/write transducers
21, commonly referred to in the art as read/write heads.

The magnetic recording media on each disk is in the
form of an annular pattern of concentric data tracks (not
shpwn) on disk 12. As the disks 12 rotate, the sliders 13
.afe“moved radially or along an arcuate path over the disk
surface 22 so that the heads 21 may access different -

portions of the disk where desired data is recorded.
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In load/ unl oad designs, such Cleaning I's not possible, since the head
“preferably never cones into contact with the disk. U.S. Patent No.
5,486,970 to Lee et al., is directed to a head cleﬁgb BE unt ed
adj acent to a disk conprising a base, a ratchet, and %géfgg@ég' %ﬁd W th
bristles rotated by the ratchet in a plane parall @ pLane ofil t he
di sk. The head is | oaded onto the cleaning pad by a ranp, and is cl eaned
by the rotating bristles. The design is undesirable for small disk drive
designs with Lot ed . c t; ' | et er | negStYdd gignt, space
must be providgégkosgéggﬁhgégf%g{%Efggﬁgfﬁﬁgqﬁégﬁ%ﬁ%in1 a%aié?s
needed, tAGERALHS akm 29SPRCaicRidd WY diPensildniatslr € R SRR {

renoving debris froma slider during the |I'oad/unl oad process so reading,
witing, BROptb¥ides a slight spring force which biases the slider 13

against the disk surface 22. Each actuator arm 19 is
attached to an actuator means 27. The actuator means as
shown in Fig.l may be a voice coil motor (VCM), for example.
The VCM comprises a coil moveable within a fixed magnetic
field, the direction and velocity of_the coil_movements
being controlled by a control signal supplied by a servo
system céntroller. '

During operation of the disk storage system, the
rotation of the disk 12 generates:an air bearing between the
slider 13 and the disk surface 22' which exerts an upward
force or positive pressure on the lower surface of the
slider. This lpwer or air bearing surface (ABS) typically -
includes a plurality of air bearing rails shaped to provide
desired flying characteristics. The positive pressure
generated on these rails counterbalances the slight spring
force of the suspension 15 and supports the slider 13 off
and slightly above the disk surface by a small,
substantially constant spacing during operatibn.u The slider
méflalso include negative pressure regions such as pockets
97 and 97' for counteracting the positive pressure to - -
provide a flatter fly height profile.

The various components of the disk storage system are

controlled in operation by control signals generated by

This Sheet Has Been Reﬁaced
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helght performance are not adversely affected.

-5- Summary of the Invention CAmSamaas £h

pr esent i nvent i on provi des a nethod and | oad/unl oad ﬂHﬁ%SHEETHASBEEN
i npl enentation in a disk drive, whereby debris is prlevent 8EPLAGED
accurmul ating on the surface of a liquid bearing slidéer by
slider ABS across a stationary cleaning pad fornmed integrally wth the
ranp structure during Ioading and unloadrhda As a first aspect of the

i nvention, 3p36&1 Ak A11E FH SK P& ' DB §LelSs USSftrol signals and internal

clock signals. Typically, the control unit 29 comprises

logic control circuits, storage means and a microprocessor,
for'example. The control unit 29 generates control signals
to control various system operations such as drive motor
control signals on line 23 and head position and seek
control signals on iine 28. The control signals on line 28
provide the desired current profiles to optimallf move and
position a selected slider 13 to the desired data track on
the associated disk 12. - Read and write signals are
communicated to and from read/write heads 21 by means of
recording channel 25,

Tﬁe above description of a typical magnetic disk
storage system, and the acdompanying illustration of Fig. 1
are for representation purposes only. It should be apparent
that disk storage sYstems may contain a large number of
disks and actuators, and each actuator may support a number
of sliders.

Fig. 2 shows a disk drive 30 employing a rotary
actuator 19, an air bearing slider 13 with a transducer
formed thereon (not-shown), and a load/unload ramp structure
41 mounted at the outer perimeter of a storage disk 8. The
actuator is coupled to the slider via a suspension 15 which
includes a protrusion 45 at its distal end for engaging a
ramp 43 of the ramp structure 41 during load/unload

operations. During data access operations, the actuator 19

This Sheet Has Been
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efficiently by providing a stationary cleaning surface integral to the
“ramp structure. As another aspect of the invention, cleaning may be

enhanced by dithering the slider across the st aj =L, jat

sel ected resonant frequencies, to remove a | ar ggrTHISISHRET §iA Nl As yet
anot her aspect-of the invention, baffling may bel{provi RERAGED t he di sk
drive interior to channel the airflow gengjated rhe—di SK such that it

is directed over the cleaning pad in the direction of an air filter.

Brief Deg &aénidé’ééfx?/%%{( éaslg;%“%e tr nsmee OLQaY Y ARE A hers b ects,

features Cesent Invent ion. wi be apparent from

eent) oSy ARL oL BEAtEel i toPttkeucato eaaE NS of (he
electronics, which for example may be located on a printed
circuit board attached to the base 42 of the disk drive.
The control signals and information to be written to the
disk 8 are provided to the actuator through a connector
circuit 33, which includes an arm electronics module, and
along a flexible cable 31. Inforﬁation read from the disk 8
by the transducer 1§ transmitted through the flex cable 31-'
and circuit 33 to a read/write channel, also located on the
printed circuit board.

:The actuator rotates about 'an axis 27 in the directions’
indicated by arrows 44. A voice coil 39 is provided at one
end of the actuator 19 between é pair of permanent magnets,
one of which is shown (37). The other magnet is attached to
the insider cover of the disk drive enclosure, which has
been removed in Fig. 2 for ease of description. The control
signal from the servo control electronics causes a current
to flow in voice coil 39 and generate a magnetic flux. The
flux cre&tes either an attractive or a repulsive force
relative to the permanent magnets 37, causing the_acfuator
té ﬁove in a desired direction. Actuator mo&ement is
limited by one or more crash stops 46 that block the range - -
of movement by coming into contaét with protrusion 48.

During periods when data access operations are not in

progress or when the disk 8 is not spinning, the servo

This.Sheet Has Been Repl
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.acconpanyi ng drawi ngs, wherein |like reference nunerals indicate |like
“conponents and i n which: Fig. 1 is a schematic diagram of
a-magnetic disk storage systemuseful for practicing the present

i'nventi on; Fig. 2 is a top view of an open rotary actuator disk
drive with a | oad/unl oad ranp; Figs. 3A and 3B are bottom and si de
views of an air bearing slider with a-silde-nounted transducer; Fi gs.
4A and 4B are enlarged top and side views of a

control electronics commands the actuator to move the slider .
away from the disk and onto the lo;d/unload ramp 43.

Fig. 3A illustrates an exemplary air bearing surface of
a slider 13. Air enters the ABS at the leading end 62,
which includes steps or beveled portions 36 for enhanced
lift, and exits at the trailing end 64. A transducer 38 is
formed at the trailing end 64, which generally flies closer
to the disk than the.leading end 62. A view of the trailing
end 64 and transducer 38 is represented in Fig. -3B.
Referring back to Fng 3aA, when the disk is rotating,
positive pfessure forms on rails 34 and 34° to_support'the
slider at a nominél distance from the disk 8. A recessed
region 32 is provided between the rails 34 and 34' and may
include negative pressure pockets (formed by rails 34 and
34'i to counteract variations in positive pressure.

As the slider flies in close proximity to the disk
surfaqe, pa:ticles of contaminants or @ebris caﬁ accumulate
in the recesses 32 of the slider, at the lower-flying
trailing end 64, on the air bearing surfaces 34 and 34°', and
particularly in the read and write gaps 66 of the transducer
38. The proposed method and apparaﬁus"seek to remove such
pégticles from tﬁe ABS and gaps 66 before read/write
performance and fly height are adversely impacted. Numerous - -
air bearing designs are in use in the disk drive industry
today, but all have some features prone to the collection of
debris and would benefit from the proposed invention.

—
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| oad/ unl oad ranp structure; Figs. 5A and 5B are top and side views of
* the load/unload structure of Figs. 4A and 4B nodified to |nclude a
space-efficient stationary cleaning pad in acw Fe==pr esent

i

i nventi on; Figs. 6A and 6B illustrate t e THIS %PdEETriém BEENt een a
slider and the cl eani ng pad of the | oad/unl oadq| str uBEBLACEP Figs. 5A and
5B during | oadi ng and unl oadi ng; -Fug. -7 TTTUOStTates a drtheri ng
sequence in accordance wth the present invention; and Fig. 8is

represents an rigpodiAeshows aheobahfikwngrusaefload oufllo&at rampf| ow over the
cleaning pads in a nmultiple.disk disk drive in accordance with the present
i nventi orstructure suitable for practicing the present invention.
The structure preferably comprises a strong and resilient
plastic formed by injection molding. The plastic must be
resistant to peeling or chipping to avoid contaminating the
interior of the disk drive. The structure includes a ramp
43 preferably including a ramped portion 49, a plateau 51,
and a detent 53. A planar limiter extends outwardly from
the ramp, as shown, such that it is disposed directly below
the air bearing surface of the slider when the suspension is '
"parked" on the ramp. The structure is mounted to the base
42 of fhé disk drive proximate to-ﬁhe outer perimeter of the
disk 8 with a screw or other mechanical means of attachment
at hole 71.
During unloading, a protrusion or tab 45 at the distal
end of the suspension 15 engages the ramp, traveling up
ramped portion 49 and across the plateau 51 before finally
coming to rest in detent 53. During loading, a breaking
force is applied to the actuator 19 to break the suspension
free of the detent 53 onto plateau 51 and move it down the
ramp portion 51 before finally loading the sliderfabove the
réféting disk surface.
Although Figs. 1 and 2 only show a single actuator arm - -
with a single suspension 14, actuators are generally
provided with a pair of suspensions 15, 15' one

corresponding to each surface of the storage disk 8. For
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T Description of the Preferred Enbodi nent The present
Jdnvention shall now be described with reference tgo a preferred enbodi nent,
nanely, a ranp structure adapted for use in a di el : [
bearing sliders. It shall be understood that thi

for illustration purposes only and is not intend Q
the invention as defined in the appendediglains. For exanple, the present
invention is easily adaptable to contact recording disk drives when it

this reason, the preferred ramp structure includes a double-

sided ramp 43 for each storage disk. A side view of one of
these double-sided ramps 43 is shown in Fig. 4B. Gap 55
fits around the storage disk 8 to provide a ramped portion
49, 49' over each surface for engaging the distal end of one
of the suspension pair. Each ramped portion 49, 49' leads
into a plateau 51, 51' and finally to detent 53, 53°'.

Figs. 5A, 5B, 6A and 6B show the ramp structure 41 of
Figs. 4A and 4B modified according to the present invention.
Referring first to Figs. 5A and 5B, bristles 61, 61' are
provided'on.each side of limiter 47, e.g. during the
injection-moiding process, or after the ramp structure is

~ formed by gluing a piece of material with bristle-like i
protrusions onto each limiter 47 surface. When the
suspensions 15, 15' move along ramp 43, the air bearing
surfaces of sliders 13 and 13' come into contact with
bristles 61, 61' which act to brush particles away from
these moving surfaces. The bristles are preferably fine
enough to reach into all of the ABS crevices of the ABS,
strong enough to remove particles they come into contact
with, yet soft enough to avoid damage to the transdﬁcers 38,
3é;ﬁand delicate components of suspensioﬁ 15.

Once the suspeﬁsions 15, 15' come to rest in detents - -
53, 53', as shown in Figs. 6A and 6B, the actuator may then
be oscillated or dithered in the direction shown by arrows

65 and/or the direction shown by arrows 73 for a selected

This Sheet Has Been Reilaced '




s desired to clean the | i quid bearing surfaces of a contact recording
‘slider by periodically unloading the slider from the storage surfaces.
Referring nowto Fig. 1, a magnetic disk storage syf t]l east
one rotatable nmagnetic disk 8 supported on a spinc ﬁﬁgis Aﬂéé%% ﬁ Yy a
di sk drive notor 18 with at |east one slider 13 pcsLLixumuLgy&zzgefdl'k 8,
each slider 13 supporting one or nore maghetic read/wite transducers 38,

commonly referred to in the art as read/ wite heads. The magnetic
recordi ngfeh e 98 e2mB oSkdnpdd ddifit foaT %fccaih@m@u Dk & Ke Of
concentric data tracks (not shown) on disk : the disks 8 rotate,

the slideissis. aaedienesdingdistidueride ailsarsgmam a.l’rClI&Ig‘E. patds qeart tde di sk
surface 22 so that the heads 38 nay access different

the loading process executed by the servo control system.
The operation of servo control systems is well-known in the
art, and the modification shown in'Fig. 7 should be
relatively straightforward to implement in an existing servo
systems by those of ordinary skill in the art of actuator
control. R

In a first step 81, the transducer/slider structures or
"heads" are unloaded ohto ramps 43 according to conventional
procedures. When the suspensions 15, 15' supporting these
heads have cﬁme to rest in detents 53, 53°', the actuator 19
is automatically dithered (step 85), e.g. at a frequency
selected to cause motion and excite suspension resonances,
and for a time sufficient to cause the removal of additional
particles. After dithering, the suspension remains parked
until a load command is received by the servo controller, at
which time control branches to the load sequence (step 89).
If it is not desired to perform the dithering sequence every
time the heads are unloaded, an optional step 81 may be
provided to selectivély dither the actuator 19.  For
e#éﬁple, cleaning'may be scheduled to occur only at
preselected intervals, or only during the times that the - -
disk is spun down. N

Disk drives typically include one or more filters for

filtering the air inside of the disk drive housing. One
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portions of the disk where desired data is recorded. Each
‘slider 13 is attached on its upper surface to an actuator arm 19 by neans
of a suspension 15. The suspension 15 provides a slight spring force which
bi ases the slider 13 against the disk surface 22. Each actuator arm19 is
attached to a rotary actuator 27. The rotary actuator as shown in Fig. 1
may be a voice coil notor (VCM, for examp e The VCM conprises a coi
noveable within a fixed nagnetic field, the direction and velocity of the
coil novemyH Filter 91 is shown in Fig. 2. The air is in continuous

movement when the disk drive is spinning. To avBid
recirculation of contaminants removed by the bristles,
baffling may be provided within the disk drive, e.g. as part
of the disk enclosure, to channel the airflow over the
bristled cleaning surfaces and toward the air filter before
the particles have a chanée to -return to the disk surface.
An example of baffling suitable for this purpose is_

| represented by dashed lines 93 in Fig. 2. The baffling may
be formed as part of the ramp structure 43 during the
injection molding process, for example. In multiple-disk
disk drive designs, a baffling 93 may be disposed between
the disks 8, 8' and each pair of ramp structures 43, 43' as i
illustrated in Fig. 8.

The present invention has been described with reference
to specific embodiments. However, it will be understood
that many modifications and adaptations of the described
embodiments may occur to one skilled in the art without
departing from the scope of the present invention as set

forth in the following claims.
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‘bei.ng controlled by a control signal supplied by a servo system
" controller. During operation of the disk storage system the

rotation of the disk a generates an air bearing bet :
the di sk surface 22 which exerts an upward force or ||pb3iStSHEETIIAS BEEN
the |ower surface of the slider. This lower or air HKearinGEEI¢E

nd
En
)

typically includes a plurality of air -bd&ri-ng rails sShaped to provide
desired flying characteristics. The positive pressure generated on the

substantially constant spacing during operation. Th
i ncl ude negative pressure regions such as pockets
count er adéi Qdatilme positive pressure to

rails counterbal ances the slight sprgpgimd orce of fﬁé‘suspenngﬂ‘1§aEQd
supports the slider 13 off and slightly above the gyig!aurface by mal |,

vy

1. A load/unload structure for use in a disk drive,
comprising: |

a load/unload ramp for engaging a distal end of a
suspension suppotting a slider with a liquid bearing surface
(LBS); and

a limiter extending from the ramb, including a cleaning
surface disposed such that when the distal end of the
'suspensiﬁn_has engaged the ramp, the cleaning surface comes

into contact with the LBS and removes particles therefrom.

2. The structure of claim 1, wherein the structure further
comprises a second load/unload ramp opposite from the
load/unload ramp for engaging a second suspension supporting

a second slider with a liquid bearing surface (LBS).

3. The structure of claim 2, wherein the limiter is
disposed between the ramps'and further includes a.second
clééning surface disposed such that when the second
suspension has engaged the second ramp, the second cleaning
surface comes into contact with the LBS of the second slider

and removes particles therefrom.

se
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prOV|de a flatter fly height profi us conponents of the

di sk storage systemare controll edr“m Bhi“j H" BMEOM rol signals
gener ated by cont rol cess controlﬂflgnals

and internal clock signals. Typlcal the control un|t 29 _¢ A%

| ogic control circuits, storage neans and a n1cropr-.—f v § l e.
The control unit 29 generates control SIgT?lS to ..n}mbﬁ :
operations such as drive notor

4, The structure of claim 1, wherein the cleaning surface

comprises bristles.

5. The structure of claim 1, wherein the structure,
including the cleaning surface, is formed by injection
molding.

6. The structure of claim 1, wherein the cleaning surface

comprises a cleaning pad attached to the delimiter.
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control signals on line 23 and | on and seek control signals on
"l'ine 28. The control signals o %ﬁgﬂgﬂw ithe desired current
profiles to optinmally nove and *Yogi ted slider 13 to the
desired data track on the associated dISk * Rea nd wite signals are
comuni cated to and fromread/wite headi 38 by nme ng H@‘ channe
25. The above description of a typi 8ar magneffi ¢ Ui

and the acconpanying illustration of Fig. 1 are f

purposes anly. Atdsdeudsibe,appapilsinghat di sk st or age §‘§t€ns>nay\ ontain
a |large nunber of disks and actuators, and each actuator nmay support a
nunmber of sliders. Fig. 2 shows a disk drive 30 enploying a rotary

actuator 19, an air bearing slider 13 with a transducer
_ a rotatable storage disk;

a slider, including a liquid bearing surface (LBS) and
a transducer for reading information stored on the disk;
a channel electrically coupled to the transducer for
processing the information read from the disk;
an actuator assembly coupled to the transduceg_via a
suspensibn for positioning the transducer relative to the
disk;
a servo control éystém for controlling movement of the
actuator assembly; and
a load/unload structure disposed at the perimeter of
the disk drive, comprising,
a load/unlpad ramp for engaging
a distal end of the suspension; and
a limiter extending from the
ramp, including a cleaning surface
disposed such that when the distal
end of the suspension has engaged the
ramp, the cleaning sg:face comea into
contact with the LBS and removes

particles therefrom. ' _ .

\
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forned thereon (not shown), and—a—+tmmﬂtﬁﬁfnﬁ+ﬂﬁanp
‘the outer perineter of a stora u
slider via a suspension 15 Whl II Mlﬂ

end for engaging a ranp 43 of

operations. During data access operatlons the act uat or 19
sel ectively positions the transducer over the disk 8 in response to a

control signal fromthe servo control élé%%ronlcs whi ch for exanple may
be | ocated on a printed

8. The disk drive of claim 7, further comprising a

housing, an air filter, and baffling around the disk

disposed such that airflow generated by the rotating disk is ‘
directed over the cleaning surface and toward the air

.filter.

9. The disk drive of claim 7, whefein the servo control
system dithers the slider for at least some of the time when

the LBS is in contact with the cleaning surface.

10. Tﬁe disk drive of claim 7, wherein the servo control
system' selectively dithers the slider for at least some of
the time when the LBS is in contact with the cleaning

surface.

11. The disk drive of ciaim 7, wherein the structure

further cqmprises a second load/unload ramp opposite from
the first for engaging a second suspension of the actuator
assembly supporting a second slider with a liquid bearing

surface (LBS).

_
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. circuit board attached to tTT‘ﬁnmmaﬁ42-eL—Lhe~d;sk drive, The control

‘actuator through a connector
nmodul e,
by the transducer is transmtted through *t hé fI
to a read/ wite channel, also |ocated on ?ﬁ

The actuator 27 rotates about an axis in e"directions i ndi cat ed by

signals and information to b gﬂgﬁ to the disk 8 are provided to t

ectr

Uiy

iToNS SEIEET HASBEENE
X CamgPLRALEDANd cCi

and along a flexiblexC

rcui
d.

arrows 442.A raeCdis® ldr¥i%é sopreyaindial wheretmdehé 1liwisetuakor 19
between a pair of permanent magnets, one of which is shown (37). The

magnet

i digpbaedethettwredrhethenst tiest candr setonderainpsk amd vEurhbeosur e,

has been renoved in Fig. 2 for ease of description. The control

includes a second cleaning surface disposed such that when
the second suspension has engaged the second ramp, the
second cleaning surface comes into contact with the LBS of

the second slider and removes particles therefrom.

'13. The disk drive of claim 7, wherein the cleaning surface

comprises biistles.'

14. The disk drive of claim 7, wherein the structure,
including the cleaning surface, is formed by injection

molding.

15.'_The disk drive of claim 7, wherein the cleaning surface

comprises a cleaning pad attached to the delimiter.

.‘/
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_signal fromthe servo control electronics caUSés acurrent to flowin

“voice coil 39 and generate a Eu flux creates either an
attractive or a repul sive for Hmmlm m he T %TW %Eﬁ B7,
on

causing the actuator to nove 'n & d@su#e hrect nt is
limted by one or nore crash stops 46 that block nge newn nt by
comng into contact with protrusion 48- 2Duri ng peri ods mhen data access
operations are not in progress or when the disk 8 is not spinning, the
Servo 16. A method for cleaning a liquid bearing surface of a

slider supported by a shspension in a disk drive having a
rotatable storage disk, comprising the steps of:

providing a load/unload structure at the perimeter of
the storage disk comprising a load/unload ramp for engaging
a distal end of the suspension, and a limiter extending from
the ramp, including a cleaning surface disposed thereon;

moving the suspension along the ramp such thag the
cleanihg pad comes-into contact with the (LBS) and by the

movement removes particles therefrom.

17. The method of claim 16, wherein the disk drive includes
an air filter, further comprising the step of directing
airflow generated by the rotating disk over the cleaning

su:face and toward the air filter.

18. The method of claim 16, further comprising the step of
dithering the slider for at least some of the time when the’

LBS is in contact with the cleaning surface.

19, The method of claim 16, further comprising the step of
séléctively dithering the slider for at least some of the

time when the LBS is in contact with the cleaning surface. —_



_‘control electronics connand to nove the slider away fromthe
- disk and onto the | oad/unl oa ”(y!, " mil g. 3A il ust rat es
exenplary air bearing surface o Al L—eaters— B t he

| eadi ng end 62, which includes steps or bevel ed | EE enfanced
lift, and exits at the trailing end 64. A transd e—c
trailing end 64, which generally flies_cjpser to=Ffe O than the | eadi ng
end 62. A view of the trailing end 64 and transducer 38 is represented in
Fig. 3B. Referring back to Fig. 3A, when the disk is rotating, positive
pressure forns onrails 34 and 34' to support the slider at a nom nal

di st ance2fronilhige mgitdlodB . ofA ¢aitmsbél, weeFoin Fhe sHrusture Hartben t he
rails 34 and 34' and may include negative pressure pockets (formed by

rai | s 34cqRRriges) a secnand ckerd/yaload | TP i9PBRAL £ Erom clig, Eirst

for engaging a second suspension of the actuator assembly
supporting a second slider with a liquid bearing surface

(LBS) .

21. The method of claim 20, wherein the limiter-isddisposed
between the first aﬁd second ramps and further includes a
second cleaning surface disposed thereon, further comprising
the step of moving the second suspension along the second
ramp such that the second cleaning surface comes into
contact with the LBS of the second slider and removes

particles therefrom.

22. The method of claim 16, wherein the cleaning surface

comprises bristles.

23. The method of claim 16, wherein the structure,
including the cleaning surface, is formed by injection

molding.

24. The method of claim 16, wherein the cleaning surface -

comprises a cleaning pad attached to the delimiter.

- This Sheet Has Been R

R .




~

o N

As the slider flies in close proximty to the disk surface, particles of
“contam nants or debris can accurmulate in the recesses. 32 -of—the—sitder, at
the lower-flying trailing end 64, on the air be! iTRgs BHEERERS BREENaL|d 34
and particularly in the read and wite gaps 66 thenawmmcer H8. The
proposed net hod and apparatus seek to r% ve sucht=p=a e ABS
and gaps 66 before read/'write performarfce and fly hei ght are adversely

i npacted. Nu NRFUGS! PFARA i IQNWE
i ndustry today, ut ha\}\bemsorre eat tfrafes prgygqi%ﬂt Co ?I on of
debris and woul d beneflt f r oOAT/ UNPOATETECHNOLOGY:

ABSTRACT

The present invention provides a method and load/unload structure for
implementation in a disk drive, whereby debris is prevented from accumulating on the
surface of an air bearing slider (13) by moving the slider ABS across a stationary
cleaning pad (61, 61') formed integrally with the ramp structure (41) during loading and
unloading. As a first aspect of the invention, space at the disk perimeter is used
efficiently by providing a stationary cleaning surface integral to the ramp structure. As
another aspect of the invention, cleaning may be enhanced by dithering the slider across
the stationary pad, e.g., at selected resonant frequencies, to remove a larger -volume of
debris. As yet another aspect of the invention, baffling (93) may be provided in the disk
drive interior to channel the airflow generated by the disk (12) such that it is directed
over the cleaning pad in the direction of an air filter.

Fig. 5
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. X2 Fig. 4A shows a top view of a. l'oad unl oad ranp structure suitable
ffor practicing the present invention. :The . structure preferably conpri ses a
“strong and resilient plastic forned by i njection nol di pg he =
be resistant to peeling or chipping to avoid contanlnaf;ngs@mggﬂun&meﬂ
of the disk drive. The structure includes a ranp 43 pr:ferabhgplmmﬁmdlng
ranmped portion 49, a plateau 51, and a géyent 53. A pl Sser—Hter—ex To
outwardly from the ranp, as shown, such that it is disposed directly
below the air bearing surface of the slider when the suspension is
"parked" on the ranp. The structure is nounted to the base 42 of the disk
drive proximate to the outer perineter of the

' . 13
- | DATA RECORDING | '
CHANNEL .
/ |
25 !
~29 :
CONTROL {
UNIT ) -
’ 7
POSITION CONTROL T . }/ . / |
27 I |rwn]
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disk 8 wwth a screw or other nechanical neans of attachnent at hole 71.
During unl oading, a protrusion or tab 45 at the distal end of the
“ suspension 15 engages the ranp, traveling up ranped portion 49 and across
the plateau 51 before finally comng to rest in detent 53. During |oading,
a breaking force is applied to the actuator 19 to break the suspension
free of the detent 53 onto plateau 51 ang ove it down the ranp portion 51
before finally | oading the slider above the rotating disk surface.
Al t hough Figs. 1 and 2 only show a single actuator arm with a single
.Suspension 15, actuators are generally provided wwth a pair of suspensions

"15, 15' one corresponding to each surface of the storage disk 8. For

FIG. 2




»

13 this reason, the preferred ranp structure includes a double- sided ranp
43 for each storage disk. "A side view of one of these double-sided ranps
43 is shown in Fig. 4B. Gap 55 fits around the storage disk 8 to provide
a ranped portion 49 49" over each surface for engaging the distal end of

. one of the suspension pair. Each ranped portion 49, 49' |leads into a

plateau 51, 51' and finally to detent 533/83'. Fi gs.135A, 5B, 6A and
6B show the ranp structure 41 of Figs. 4A and 4B nodified according to the
present invention.
sl . 62
/
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Referring first to Figs. 5A and 5B, bristles 61, 61' are provided on each
side of limter 47, e.g. during the injection nolding process, or after
“the ranp structure is forned by gluing a piece of material with
bristle-like protrusions onto each limter 47 surface. \Wen the
suspensi ons 15, 15' nove along ranp 43, the air bearing surfaces of
sliders 13 and 13' cone into contact w tfi,7bristles 61, 61' which act to
brush particles away from these noving surfaces. The bristles are
preferably fine enough to reach into all of the ABS crevices of the ABS,

strong enough to renove particles they cone into contact ith, yet soft
enough to avoid damage to the transducers 38, 38" and dglicate conponents
of suspension 15. Once the suspensions 15, 15 gpﬁg torest in

detents 53, 53', as shown in Figs. 6A and 6B, the act'uator may then

43

43
51 23 /
49 \ s — :
Z_/ .
49/ ? rd \ gl 4
: 4! 537



be oscillated or dithered in the direction shown by arrows 65 and 65
and/or the direction shown by arrows 73 and 73" for a selected

14 anount of time to renove additional accumulation fromthe ABS s. A
di thering sequence is shown in Fig. 7 as part of the |oading process
executed by the servo control system The operation of servo control
systems is well-known in the art, and thg nodification shown in Fig. 7
should be relatively straightforward to inplenment in an existing servo

41

FIG. 5a




systens by those of ordinary skill in the art of ~actuator control.
In a first step 81, the transducer/slider structures or "heads" are
“unl oaded onto ranps 43 according to conventional procedures. Wen the
suspensi ons 15, 15" supporting these heads have cone to rest in detents
53, 53", the actuator 19 is automatically dithered (step 85), e.g. at a
frequency selected to cause notion and &Xcite suspension resonances, and
for a tine sufficient to cause the renoval of additional particles. After
di thering, the suspension remains parked wuntil a |oad command (step 87) is
received by the servo controller, at which time control Branches to the
‘) oad sequence (step 89). If it is not desired to performthe dithering
sequence every time the heads are unl oaded, an optioga(ngtep 83 may be
provi ded to selectively dither thgjactuator 19. For '

53
: K 43
15
51 13 73! | 3 /

49 {
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61 65 A e 65
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éxanple, cl eaning may be schedul ed to occur only at preselected intervals,

or only during the tinmes that the disk is spun down. Di sk drives
“typically include one or nore filters for filtering the air inside of the
di sk drive housing. One - 15 - such

filter 91 is shown in Fig. 2. The air is in continuous nmovenent when the
disk drive is spinning. To avoid recirculation of contam nants renoved by
the bristles, baffling my be provided within the disk drive, e.g. as part

7/7
{( BEGN )

Unload head
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. Yes Dither actuator
9
(opt.) Cleaning time ¢ for n seconds N
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-suctfaces and toward the air fllter_before the p lInce to .
return to the disk surface. - An exanple of bafflijng suitable for |{this
-purpose is represented by dashed lines 93 in Figl 2. IThMARaIMRi g {may be
fornmed as part of the ranp structure 43 during th |n1ect|on nol]{dijng
process, for exanple. In nultiple-disk disk drivpe esrgns, a bafflling 93
may be- disposed between the d]SkS 8, 8 and each_pair of ranp strductures

of the disk enclosure, to channel the airflow ov &uﬁﬁﬁézﬁﬂi 5% | eani ng
ilte ' fiad Vi o oF:
f

—

43, 43" as illustrated ih'Fig 8. The present i nvention has been
nder stood' that ef&%’%@“ %W FeR AR DO TSR eoribed .
enbodi ments nmay occur Yeﬁ'}@f}g a@ eart 9\{5*}03& departing fromthe

scope of the present |nvent|on as sef

Eield of the Invention
The present invention relates generally to rotating _
disk drives with 1oad/unload ramps and more particularly, to
_a_method and_load/gnload ramp structure for removing debris

from the recording head during loading and unloading.

Background of the Ynvention

A magnetic-storage device typically coﬁprises one or‘
moxe magnetic dieks, each having at least one data recording
surface including a plurality of ‘concentric tracks of
magnetically stored data, means such as a spindle motor and
spihdle motor controller for supporting and iotating the
disk(s) at a selected RPM, at least one read/write
transducer or "head" per recording surface formed on a
liquid bearing slider for reading information from and
wrlting informatlon to the recording surface, a data channel
for processing the data read/written, a positionable
actuator assembly for supportlng the transducer in close
proxlmlty to a desired data track, and a servo system for
controlling movement of the actuator assembly to position

the transdﬁcer(s) over desired ones of the tracks.



forth in the foIIovm ng clalms

CEAIMS - 1. A disk drive, conpr|5|ng a rotatabl e storage dISk
a slider, including an air “bearing surface (ABS) and -

reading information “stored on the disk; - a ‘cha REPL&CENE}Wb@HEET
coupled to the transducer for. processing the informatijofT

di sk; - an ‘act uator assebl y coupl ed to-the transdlug
for positioning the transducer relative to the diskj
| oad/ unl oad structure disposed at the pgrinmeter of th -
conprising, - a Ioad/unl oad ramp for engagi ng .ajdi stal end of the

suspensi on; and
: ' SU\IVIARY OF THE INVENTION

el’,\ﬁlp‘?Aﬁﬁ%Sp n-|0n S

i sk diive

Accordmg to a ﬂnt aspect of the present invention there is provxded a disk dnve
comprising: a rozatable storage: dxsk a slider, including an air bearmg surface (ABS) and 2
transducer for readmg information stored on the disk; a channel etectncally coupled to the

~ transducer for processing the information read from the disk; an actuator assembly coupled to
the transducer via a suspension for positioning the transducer 'relative to the disk; a
load/unload structure .d_isposed at the perimeter of the disk drive comprising, a load/unload
ramp for engaging a distal end of the suspension; and a limiter extending from the ramp,
including a cleaning surface disposed such that when the distal end of the suspension has
engaged the ramp, the cleaning surface comes into contact with the ABS and ;emoves particles
‘therefrom; and a servo control system for controlling movement of the actuator assembly,
wherein the servo control system dithers the slider for at least some of the time when the ABS
is in contact with the cleaning surface.

According to a second aspect of the present invention there is provided 2 method for
cleaning an air bearing surface (ABS) of a slider supported by a suspension in a diek drive
having a rotatable storage disk, comprising the steps of; (a) providing a load/unload structure
at the perimeter of the storage disk comprising a load/unload ramp for engaging a distal end of
the suspension, and a limiter extending from the ramp, including a cleaning surface disposed

- thereon; (b) moving the suspension along the ramp such that the cleaning pad comes into
-+ contact with the (ABS) and by the movement removes articles therefrom; and (¢) dithering the
.~ slider for at least some of the time when the ABS is in contact with the cleaning surface.
. BRIEF DESCRIPTION OF THE DRAWINGS

The foregoiné and other objects, fearures and advamtages of the present invention will be
ap_perent from the following detailed description of the preferred embodiments of the
invention, reference being made to the accompanying drawings, wherein like reference

numerals indicate like components and in which:



alimter extending fromthe ranp, including a cleaning surface di sposed
such that when the distal end of the suspensi ranp, the
cl eaning surface cones into contact wth the A M i cles
therefrom and a servo control systemfor contrql |fTTg—TTOVENEM t he
actuator assenbly, wherein the servo control sys gm gmﬁs 9{22 slii der for
at least sone of the tinme when the ABS is in contla ; dl gani ng

surface. 2. The disk drive of claim1l, furthe SAPH-S-Ag—a owsi ng, - an
airr filter, and baffling around the disk while yot at| ng di sposed such t hat
airflow generated by the disk is directed over ™“ttreTfeanmng surface and

toward the air filter. 3. The disk drive of claim1, wherein the
structure further conprises a second I'bad/ unl oad rarrp opposite fromthe
| oad/ unl oad ranp fopegbgagicicnd oFeGae ¢ , § OB hRenfct uat or assenbly
supporting a second slider with an air bear | ng surface (ABS). 4. The disk
drive of clairrits present ideentfoheshakl dicp e desemibead Wit oad/ unl oad
ranp and the second | oad/unload ranp and further includes a second
cl eani ng mafidrencealitap s prefebred aenhbdinerits, famely,s@ x@mp on has engaged
the second ranp, the second cl eaning surface cones into contact with the
ABS of t lstmmzture ddaptedinfior cwseednpardisk glrivec daplementimgy aimhe di sk
drive of claim1, wherein the cleaning surface conprises bristles. 6. -
The di sk heamg)fskicbers.l Iteshablthe undarstood thadl dkhisy the cl eaning
surface, is formed by injection nolding.

embodiment is provided for illustration purposes only and is

not intended to limit the scope of the invention as defined
in the appended claims. For example, the present -invention
is easily adaptable to contact recording disk drives when it
is desired to clean the liquid bearing surxfaces of a cont.act
recording slider by periodically unloading the slider from-
the storage surfaces. o

' Referring now to Fig. 1, a magnetic disk storage system
comprises at least one rotatable magn‘et:l.c disk 8 supported
oh a spindle 14 and rotated by" a diék. drive motor 18 with at
least one slider 13 positioned on the disk :'9., eaéh slider
13 supporting one or more magnetic read/write transducers |
38, commonly referr_éd-to in-the art as reéd/writé heads.

"J.'he magnetic recording media on eadh disk is in the
form of an anm.xla_r. patterh of concegtﬂ-c data: tigcks (x_xo't
shown) on disk 8. As the disks 8 rotate, tﬁe sliders 13
'ére moved radially or along an arcuate path: ovér the disk
surface 22 so that the heads 38 may access different

portions of the disk where desired data is recorded.



17 7. The disk drive of claim ‘1, wherein th
- cleaning pad attached to the limter. 8. -
beari ng surface (ABS) of a slider supported. B
-drive having a rotatable storage disk, conpri
provi ding a l.oad/unload structure at the peri
conprising a |oad/unload ranp for engagi ng 3
and a limter extending fromthe ra i ncl ug

conprises a

g%E?PEAE‘EMEW SHEET(!

ng an air
: i'm.a.disk
sijng_t he steps of (a)
et eP bMARHBBQt ge disk
distal end of 2 suspensi-on,

ing a cleaning sugface

di sposed thereon; (b) noving the suspensior

ch that the

cl eani ng pad coBeshi siiédesntldctisniatitachkd ¢MEIS ARPSF) SUFEFEY ERAD renpves

articles therefrom and (c).-dithering the sl

ider for at_ |l east sone of the

time when RIGSUABST| §XTn 180RYaRRaRS: (95 BeSUSPRRSHITY 1Sur f 208 SUPEN$ELN Lt hod

of claim8, wherein the dis
conpri si ng 15t PEOYAEESoR i
rotating over .the %Lgagkgﬂ

k.drive .includes

sur f.ace
surface

LE0E RPLinY FORFR M

r filter, f

b ages; he, BipagE, 12

%&q Each actuator arm 19 is

against
attached 10 a rotary actuator 27. The rotary actuator as -
shown in Fig.l may be a volce coil motor (VCM), for example.
The VCM comprises a coil moveacle within a fixed magnetic
field, the direction ahd velocity of the coil movements
being controlled by a control cignal supplied by a servo
system controller. '

Dﬁring operaticn of the disk storage system, the
rotation of the disk B generates an air bearing between the
slider 13 and the disk surface 22 which exerts an upwaxrd
force or positive pressure on the lower surface of the
slider. This lower or air bearing surface (ABS) typically
includes a plurality of air bearing rails shaped to provide
desired flying characteristics. The positive pressure
generated oh these rails counterbalances the slight spring
force of the suspension 15 and supports the slider 13 off
and slightly above the disk surface by a small,
substantially constant spacing during operation. The slider
ﬁay also include negative préssure regions such as pockets
97 and 97' for counteracting the positive pressure to
provide a flatter fly height profile.

The various components of the disk storage system are

controlled in operation by control signals generated by



toward the air filter. '10. The nethod of claim

. | )
i ncludes the step of selectively -dithering the ERI_GACEM"WtSHm}S

the tine when the ABS is in contact " ‘Wi th the cl epnfng—surface:

-18 - 7. A disk drive, conprising: ar t tqb orage
a slider, -including a liquid bearing surface (L E‘ﬁ l‘(fgt’%
r eadi ng |nfornat|on stored on the di sk; ' a h l electrig

coupled to the transducer for processing the information read f

di

duqer for

al
rd

di sk;
o .

control unit 29, such as access control signals and internal

clock signals. Typicaily, the control unit'zs'comprises

logic control circuits, storage means and a microprocessor,

for example. The control unit 29 generates control signals

to control various system operations such as drive motor

control signals on line 23 and head position.ahd seek

control signals on line 28. The control signals on line 28

provide the desired current profiles to optimally move and

position a selected slider 13 to the desired data track on

the associated disk 8§ . Read and write signals are

communicated to -and from read/write heads 33 by means of .

recording channel 25.

The above description of a typical ‘magnetic disk

storage system, and the accompanying illustration of Fig. 1

are for representation purposes only. It should be apparent

that disk storage systems may contain a large number of

disks and actuators, and each actuator may support a number

of sl;ders.

Fig. 2 shows a disk drive 30 employing a rotary

ot actuator 19, an air bearing slider 13 with a transducer

41 mounted at the outer perimeter of a storage disk 8.

gormed thereon (not shown), and a load/unload ramp structure

The

actuator is coupled to the slider via a suspension 15 which

includes a protrusion 45 at its distal end for engaging a

ramp 43 of the ramp structure 41 during load/unload

operations. During data access operations, the actuator 19



. an actuator aséenbly coupled to the transducerpw-a—a..suspensi on for

positianing the transducer relative to the'-diﬁEPLACE B8 Ttontrol

systemfor controlling novenent of the actuatforf v

|.oad/ unl.oad structure di sposed at the perinetdr o he di sk dirfve,
~cenpri'sing, - -~ a.load/unload ramp for endag§ R 199% i ftal end of

‘the suspensi on; and a limter extendinig frnnmthe | {ranp,

i ncl uding a cl eani ng surface ~di sposed sug¢h that when t he d] st al

end of the suspension has engaged the}l0 r anp—the—etreanri-rg—slr f ace comes

into

selectively positions the transducer over the disk 8 in
response_tp-a-controi sxgnal from the servo control
electronics, whichlfor example may be located on a piinted
circuit board attached to the.basa-42 of the disk drive.
The control signéls_and'information'to be written to the
disk 8 are bro?ided to the_actuétor through a.cdnnéctor

circuit 33, ﬁhich includes an arm electronics modulé, and

along a flexible cable 31. Information read from the disk 8

by the transducer is transmitted through the flex cable 31

and circuit 33 to a read/write channel, also located on the

p:inted circuit board.

The actuator 27 rotates about an axis in the directions
indicated by arrows 44. A voice coil 39 is provided at one

end of the actuatér 19 between a pair of permanent magnets,
one of which is shown (37). The other magnet is attached to
the insider cover of the disk drive énclosure, which has
been removed in Fig. 2 for ease of'description. The control
signal from the servo control electronics causes a current
to flow in voice coil 39 and generate a magnetic flux. The
flux creates either an attractive or a repulsive force

relative to the permanent magnets 37, causing the actuator

'to move in a desired direction. Actuator movement is

limited by one or more crash stops a6 that block the range
of movement by coming into contact with protrusioh 48.

During periods when data access operations are not in

'progress or when the disk 8 is not spinning, the servo



contact with the LBS and renpves partic[es‘RE 0 —
- 19 - . . The disk drive of claim7, further cjgygmﬂﬂﬂYﬂ§HEEmLing, an

air filter,

and baffling around the disk disposef such that airf{l ow

generated by the rotating disk is directed ovef fhé tMéRniggg qurff ace and
toward-the air - filter. - 9. The disk drive of iclaim7, whergin the servo

control
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Fig. 4A shows a'top-view of a load unload ramp
structure suitable for practicing the present invention.

The structure preferably comprises a2 strong and resilient

- plastic formed by'injectioh mblding. The plastic must be

resistant to peeling or chipping to é@oid contaminating the

intexrior of the disk drive. The structure includes a ramp

43 preferably including a ramped portion 49, a plateau 51,
and a detent 53. A planar liniter extends oqtuatdly from
the ramp, as shown,. such that it is disposed directly below
the air bearing surface of the slider'when the suspension is
“parked" on the ramp. The structure is mounted to the base
42 of the disk'drive proximate to the outer perimeter.of the
diék 8 with a screw or other mechanical means of attachment
at hole 71. |

During unloading, a protrusion or tab 45 at the distal

end of the suspension 15 engages the ramp, traveling up

ramped portion 49 and across the plateau 51 before finally
coming to rest in detent 53. During loading, a breaking
force.1§ applied to the actuator 19 to break the suspension
free of the detent 53 onto plateau 51 and move it down the
ramp portion 51 before finally loading the slider above the
rotating disk surface. '

Although Figs. 1 and 2 only show a single actuator arm
with a single suspension 15, actuators are Qenerally
provided with a pair of suspensions 15, 15' one

corresponding to each surface of the storage disk 8. For



systen1d|thers the slider for at Ieast sonme of the tine-when

contact -with the cleaning surface. 10. Th I§A€WEN§ SHEET i m 7,

wher'ei n the servo control system sel ecti vel t+hers—the ST der for at

| east sonme of the time when the LBSis in c¢nfa W%@? %?f kani ng”
surface. - 11° The disk drive of claim?7, erej h Ffctufe further
conprises a second | oad/unload ranp opposite |f lom. the fi+stifpr engagi ng a

second suspensi on of the act uat or ass%gbly upporting a secon slider mﬁth
aliquid bearing surface (LBS). \

this reason, the preferred ramp structure includes a doub1e-

sxded ramp 43 for each sto:age disk. A side view of one of
these double-sided ramps 43 is shown iﬁ Fig. 4B. Gaﬁess
£its around :he'storage disk 8 to provide a xramped portion
49} 49' over eaéh sﬁrface for engaging the distal end of one
6f the suspension pair. Each ramped portion 49, 49' leads

into a plateau 51, 51' and finally to detent 53, 53°.

Pigs. 5A, 5B, 6A and 6B show the ramp structure 41 of

Figs. 4A and 4B modified according to the present invention. ]
Referring first to Figs. 5A and 5B, bristles 61, 61' are
prbvided on each‘side of limiter 47, e.g. during the
injection molding process, or aftexr the ramp structure is
formed by gluing a piece of material with bristle-like
protrusions onto each limiter 47 surface. When the
suspensio;s 15, 15' move along ramp 43, the air bearing
surfaces of sliders 13 and 13' come into contact with
bristles 61, 61° which act to brush particles away from
these moving surfaces. The bristles are preferably fine
enoug§ to reach_into all of the ABS crevices of the ABS,
strong enough to remove particles they come into contact

e with, yet soft enough to avoid damage to the transducers 38,

38' and delicate components of suspension 15. |

Once the suspensions 15, 15' come to rest in detents
53, 53', as shown in Figs. 6A and 6B, the actuator mey then

be oscillated or dithered in the direction shown by arrows

65 and 65' and/or the direction shown by arrows 73 and 73' for a selected



- 20 - 12. The dISk drive of - claim 11, wherein the I|n1ter s hsposed
between the first and second ranps and further rery Qﬁgﬁﬁ' cl eani ng
surface di.sposed such that when the second sus J‘&mﬁﬁgﬁsbuu dd the .
second ranp, the -second cleaning surface comes}iphio contact mnth the LBS .
of . the second slider. and renpves parti.cles thetejrdnlMAR 19 Thel di sk -
drive of claim7, wherein the cleaning surface jc nprlses brl' ep. . 14.
The di-sk drive,of claim7, wherein the structuré, . '

%4

amount of time'to rémove additional acCumulatidn from'the
ABS's. A dithering sequence is shown in Fig. 7 as part of
the ioading process executed by the servo control system.
The 6peration of.ser§d-control systéms is wéll-known in the
art, and the modification.shown,in,rig. 7 should be
réiatively stf&ightforward to fﬁplement in an existing éervo
systéms by thoée of ordinary skill in the art of actuator
control. ‘ . |
In a first step_ai; the'trénsducet/élidpr strucﬁures or
"heads" are unloaded onto ramps 43 according to conventional
procedures. When the suspensions 15, 15° suppogtiﬁg thesé'
heads have come to rest in detents 53, 53°, the actuator 18
is automatically dithered (step:85), e.g. at é frequeﬁcy
selected to cause motion ‘and excite suspensibn resonances,
and fdf a time sufficient to cause the removal of additional
particles. After dithering, the suspension remains parked
until 2 load command (step 87) is received by the servo controller, at
which time control branches to the load sequence (step 89).
If it is not desired to perfexm the dithering sequence every
" time the heads are unloaded, an optional step ‘g3 may be |
provided to selectively dither the actuator 19. . For.
- eéxample, cleaning may be scheduled to occur onlf at
- preselected intervals, or only during the times that the
disk is spun down.
bisk drives typically include one or more filters for

filtering the air inside of the disk drive housing. One



i ncl udi ng the cleaning surface, is forned by | nj eqtorr—aPd myer 15. The
di sk-drive of 7 clraim7, wherein the c¢leani ng surfackE‘pLAEE gHEEﬂ‘(ﬂanl ng

Padlgttzcng?hgmm““ﬂﬂ“mmﬁ l“ll iquid-: tb@arl ng surflade - A

f
supported by a susgensi oh in & disk drive_ having g ro?’a‘[ aﬁﬁejg?o age di sk,

conprising the steps of: " provi ﬁB“ﬁ | oad/ url Catt—str the
perimeter of ) -
1. A disk.drive, comprising:"

' .

{')

a rotatable storage dlsk

a slider, including an air bcnnng surface (ABS) and a transducer for readmg mformanon
stored on the disk;

a channel electrically coupled to the transducer for processing the information read from
the disk; _

an actuator assembly coupled to the transducer via a suspension for positioning the
transducer relative to the disk; ' '

a load/unload structure disposed at the penmeter of the disk drive comprising,

a load/u.nload ramp for engaging a distal end of the suspension; and

a limiter extending from the ramp, including a cleaning surface disposed such that ‘when
the distal end of the suspension has éngaged the ramp, the cleaning surface comes into contact *
with the ABS apd removes particles therefrom; and a servo control system for contfolling ;
movement of the actuator assembly, wherein the servo control system dithers the slider for at
least some of the time when the ABS is in contact with the cleaning surface.
2. The disk drive of claim 1, further comprising a housing, an air filter, and baffling
arcund the disk while rotating di§posed such that airflow generated by the disk is directed over
the cleaning surface and toward the air filter.
3. The.disk drive of claim 1, wherein the structure further comprises a second load/unload
ramp opposite from the loadlunload ramp for engaging a second suspension of the actuator

~ assembly supportmg a second shder with ap air bearing surface (ABS).
4.  The disk drive of claim 3, wherein the limiter is disposed between the load/unload ramp
. and the second load/unload ramp and further includes a second cleaning surface disposed such

that when the second scspension has engaged the second ramp, the second clecning surface
comes into contact with the ABS of the second slider and removes particles therefrom.
S.  The disk drive of claim 1, wherein the cleaning surface comprises bristles.
6. The disk drive of claim 1, wherein the structure, including the cleaning surface, is

formed by injection molding.



. the storage dISk o ri sin oad/ unl oad ranp

- of the suspenjmn‘nﬂ ‘jn’m r extendl ng fro %
cl eaning surf ‘ movi ngi the s :
ramp such that thé g eanl ng pad comssm nt o con a,t ZWI i‘ﬁ?{]ﬁ{é@(
the novenent renoves particles therefrom - 1

wher ei if- t h&helidisk drive eofi eleinudleswhengimithe tleaniag s tfenet
of directin airflow generat ed by the rotating Wisk—ever—tTe Tl eani ng

sur f acé tothelimitase air filter. 18. The method of claim 16, further
conpr ng the ste dithering the slider fo | east, sone of thet nme
anﬁ It ; 9A ‘method Tor” clcamlng an ' aif beareing s'urface (AﬁS) of a slider supported by 2 |

suspension in a disk drive having a rotatable storage disk, comprising the Steps. of:
(2)  providing a load/unload struéture at the perimeter of the storage disk com;.{rising a
load/unload ramp for engagmg a distal end of the suspension, and a limiter extendmg from the

| ramp, including a cleaning surface disposed thereon; _ o
() moving the suspension along the ramp such that the cleaning pad comés into contact with
the _(ABS) and by the movement removes articles therefrom; and '
(c) dithering the slider for at least some of the time when the ABS is in contact with the
cleaning surfacc | .
9.  The method of claim 8, wherein the disk drive includes an air filter, further comp.rising |
the step of dxrectlng airflow generatgd by the disk while roté.ting over the cleaning surface and
toward the air filter.
10. The method of claim 8, wherein step (c) includes the step of selectively dithering the

slider for at least some of the time when the ABS is in coﬁtact with the cleaning surface.



LBS i's i-n contact with the cleaning surface. REPLH@WhSHEET
further -conpri sing the e‘\y dit e1ng The sllde

| east some of. the ti Wh‘lﬁlSHﬁ‘éTEB‘éﬁEsEi cont 3¢
surface.. 'REPLACED _

) of . ¢l.ai.m 16; V\/nereln th bLlUC[UFE furthes .cq'ri
rarrp opp05|tefromthef|rst ' '

" SLIDER CLEANING METHOD AND APPARATUS FOR DISK DRIVES WITH
| LOAD/UNLOAD TECHNOLOGY

claim 16,
or -at

ABSTRACT
| The present invention provides a method and load/unload structure for
R imple'mentatiozi"m a disk drive ‘whereby debris is prevented from accumulating on the |
R surface of an air bea.nng slider (13) by movmg the slider ABS across a stationary
cleamng pad (61, 61') formed integrally thh the ramp structure (41) dunng loading and
unloadmg. -As a first aspect of the mvennon, space at the disk perimeter is used
efficiently by provxdmg a stauonary cleaning surface integral to the ramp structure. As
anothcr aspect of the invention, cleamng may be enhanced by dnhe.nng the slider across
_the stationary pad, e.g., at selected resonant frequencies, to remove a larger volume of
debris. As yet another aspect of the invention, baffling (93) may be provided in the disk.
drive interior m channel the airflow generawd by the disk (12) such that it is directed
~ over the cleaning pad in the direction of an air filter,
Fig. 5
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for engaging a second suspension of "the actuat or
+~second slider with a liquid bearlng surface (LB
-cl ai m.20, wherein the limter is disposed betwegn

PLAC]

EMENTNSHRRT:

tne Ilou.

‘ranps and further includes a second cleaning su facezgﬁ@ﬁgsed t hef.eon,
‘further conprising, the step of noving the secon fFu§b t he
second fanp such that the second cl eaning surfafe i o'tact W t'h
the LBS of the second slider and renoves partidl es therefronl 22. The
" et hod of claim 16, wherein the cleaqugg surface ' ' es
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( !
' 25
~29 | ;
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MOTOR CONTROL | DRIVE
{ MOTOR
YA

18

FIG. 1



/ .
* 23. The nethod of claim 16, wherein the structure, including the cleaning
surface, is fornmed by injection nolding. 24. The nethod of claim 16,
wherein the cl eaning surface conprises a cleaning pad attached to the

delimter.
18

METHOD AND APPARATUS FOR RE-I—VIOVH\TG DEBRIS FROM A SLIDER IN A
DISK DRIVE USING LOAD/UNLOAD TECHNOLOGY.

ABSTRACT

The present invention provides a method and load/unload structure for
implementation in a disk drive, whereby debris is prevented from accumulating on the
surface of an air bearing slider (13) by moving the slider ABS across a stationary
cleaning pad (61, 61') formed integrally with the ramp structure (41) during loading and
unloading. Asa ﬁrst aspect of the invention, space at the disk perimeter is used
efficiently by providing a stationary cleaning surface integral to the ramp structuré. As
another aspect of the invention, cleaning may be enhanced by dlthenng the slider across
the stationary pad, e.g., at selected resonant frequencies, to rembire_ a larger volume of
debris. As yet another aspect of the invention, baffling (93) may be provided in the disk
drive interior to channel the airflow generated by the disk (12): such that it is directed
over the cleaning pad in the direction of an air filter. f

Fig. 5
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