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An apparatus (138, 200; 4% adapted to clean an exp d surface of a
mcrostructuresgg?(gspe (14%gp304) such as a disc or d for a disc drive.
The apparatus includes a fixture (187, 302) with a nounting surface

adapted to receive the mcrostructure device. A cleaning fluid (140)

covers the exposed surface. A slider bearing (146, 340) coupled to a
resilient nmount (154) flies over the exposed surface. A cleaning |ine

(147, 308) on the exposed surf ] ' bearing is subject
to flow of the cleaning quiI\aEﬁl ﬁmg %gge gby rel ative

moti on between the devi ce GhEANINGDL i ated by a nozzle
(338). 1 0 FEB 2004 SEA 9651 METHOD AND APPARATUS FOR CLEANI NG DI SC DRI VE
COMPONENTS FIELD OF THE INVENTION

5 The present invention relates to disc drive data storage devices. In

particular the present invention relates to cleaning discs and wafers used in
making disc drives.
BACKGROUND OF THE INVENTION
In disc drive storage devices, as well as other technologically
10 advanced devices such as LCD plates, there are surfaces that include
micromechanical structures at or near the surfaces that are subject to damage.
For example, discs have a thin layer of magnetic material at a sliding disc
surface and read/write heads have various magnetic and insulating components
formed at a sliding head surface. When particles adhere to the sliding surfaces,
15 the particles can be broken loose by the sliding action and damage delicate
micromechanical structures on one or both sliding surfaces.

Cleaning techniques are available for effectively removing larger
particles. For example, burnish heads, ultrasonic and megasonic cleaning have
been used. However, burnish heads can break up particles into smaller particles

20  which also adhere to the sliding surface. Ultrasonic or megasonic cleaning
would have to use unacceptable amounts of power in order to get high enough
pressure gradients to remove small particles. As areal densities of disc drives
increase, the critical dimension between sliding components is becoming smaller

* and approaching 5 nanometers in some applications. A method and apparatus

25 are needed that can clean extremely small particles from micromechanical

sliding surfaces without damaging the micromechanical structures that are at or

near the sliding surfaces during the cleaning process.
SUMMARY OF THE INVENTION

Disclosed is a method and an apparatus adapted to clean an exposed

30  surface of a microstructure device such as a disc or head for a disc drive. The
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FIG. 2 illustrates fluid flow of a cleaning fluid between an exposed
surface of a microstructure device and a slider bearing.
FIG. 3 illustrates pressures and pressure gradients under the slider
15  bearingin FIG. 2.
FIGS. 4-5 illustrate a first embodiment of an apparatus adapted to clean
multiple exposed surfaces.
FIG. 6 illustrates a vacuum chuck plate securing multiple substrates that
each include an array of disc drive heads.
20 FIG. 7 illustrates a second embodiment of an apparatus adapted to clean
multiple exposed surfaces.
DETAILED DESCRIPTION
In the embodiments described below, a cleaning apparatus cleans
extremely small particles from exposed surfaces of microstructure devices such
25 as disc drive sliders and discs. The microstructure devices are secured to
mounting surfaces in the apparatus and a cleaning fluid covers the exposed

surface. A slider bearing on a resilient mount is disposed over the exposed



m crostructure device. A cleaning fluid covers the exposed surface. A
slider bearing coupled to resilient nmount flies ov t he expose

surface. A clegpiyg!ine t he exposed surface adj ait the sli dcej'rn FEB 200
bearing is 5 subject to a flow of the cleaning fluid. The flow can be
generated by relative notion between the mcrostructure device and the
slider bearing or generated by a nozzle. Additional features and benefits
wi Il become apparent with a careful revigw of the follow ng detailed
description and the correspondi ng drawi ngs. 10 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 illustrates a disc drive storage device. FIG 2

illustrates fluid flow of a cleaning fluid between an exposed surface of

a mcrostruct UsgfAle¥| CRaMAg 1Re$ htedBfm&Ead tHCexpbidd sudfabds difddent @ dhdessur es
and pressure gradients under the slider 15 bearing in F FIGS. 4-5

|G 2.

i|lustrate a fibeaningsnbhei¢cleaning bnesane tepantiedied wdigw efithesleaningfluigy The p| e
d f i . A l-

il i pl e subet Ay be gerteldd Dy Hfibe holiSh BURCER e mR o B Upliband

FIG 7 ill ustrakeslider beaiipdorpdietiteeby aabzade appourrianislagelapd det éxposdédean
mul ti ple exposed surfaces. DETAlILED DESCRI PTION,In t he enbodi t.s
descri bed bél owurfacesisdisturkpdhypthe Slowsat dhedeaningsling ma}"lgﬁ%‘i‘rlezggﬁ“?’i‘@l es
from exposed S%rﬁm@@ﬁ of mi crostructure devices such 25 as disc drive
sliders and discs. The microstructure devices are secured to nmounting
surfaces in the appdndiGs]zanceraboslireent iofig disk diide stoxage devibe 1@kisdHesirated.

face. A slide ing . i i ent t. is,di d th

Sposed Sea ondise drge G i5dulks & dsp,pck 125 Hayiak gt FRECeSI B A RS on

the exposed SUV(?%KE&!EJ BEACEN indgh&ticS hafdfbl tﬂ%e%féT ngﬁositwasﬁllgeaqmragrdcw@s are
e

t hen subj ected fl'ow of the cCleaning fluid. i .
10 fabrication techniques.. The disc pack 126 includes a stack of multiple discs and

the read/write head assembly 112 includes a read/write transducer or head 110 for

each stacked disc. The head 110 is typically formed using microstructure

fabrication techniques. Disc pack 126 is spun or rotated as shown by arrow 107 to

allow read/write head assembly 112 to access different rotational locations for data
15  on the storage surfaces 106 on the disc pack 126.

Read/write head assembly 112 is actuated to move radially, relative to
the disc pack 126, as shown by arrow 122 to access different radial locations for
data on the storage surfaces 106 of disc pack 126. Typically, the actuation of
read/write head assembly 112 is provided by a voice coil motor 118. Voice coil

20 motor 118 includes a rotor 116 that pivots on axle 120 and an arm 114 that
actuates the read/write head assembly 112. Disc drive 100 includes electronic
circuitry 130 for controlling the operation of the disc drive 100 and transferring
data in and out of the disc drive.

Typically, the disc drive head 110 slides over the storage surface 106 in

25  the disc drive 100 as illustrated. If there are particles of a large enough
dimension between the sliding surfaces, then there is an increased risk that one

of the sliding surfaces may be damaged during operation. In modern disc drives



ffow can be generated by relative notion between the mcrostructure device --
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drive storage device 100 is illustrated. Disc drive 100 includes a disc
pack 126 having storage surfaces 106 that are typically |ayers of
magnetic material that are deposited using mcrostructure 10 fabrication

techni ques.. The disc pack 126 includes a stack of nmultiple discs and the
read/ wite head assenbly 112 includes a read/wite transducer or head 110
for each stacked disc. The head 110 is typically fornmed using
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bet ween the hea orage sur arti cl’es can cause
damage and needefafl Yetow.eThe eldaring apparatus in FIG. 2 is used to remove the extremely

small particles 148 from exposed surface 142 before the microstructure device
144 (or a portion of the microstructure device) is installed in a disc drive.

15 Microstructure device 144 is a sliding disc drive component such as a
disc or a substrate with an array of disc drive heads. Exposed surface 142 is a
surface that, after assembly of a disc drive, will slide over another surface during
operation of the disc drive. The exposed surface 142 is formed by
microstructure fabrication techniques such as lapping, sputtering, chemical

20  vapor deposition, epitaxy, evaporation or the like. Microstructure fabrication
processes or associated handling and storage of the microstructure device 144
can leave the extremely small particles 148 adhered to the exposed surface 142.
The particles 148 adhere strongly to exposed surface 142 and are difficult to
remove.  These particles 148 are so small that they remain embedded in a

25  boundary layer 150 of the cleaning fluid 140, even when there is fluid flow
above the exposed surface 142. As is well known, flow velocities in a boundary

layer such as the boundary layer 150 are relatively low in relation to exposed
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apparatus for cleaning th’I iding surfaces are desc(r‘ed below i FEB 2004
connection 5 wehlest! GS FIG 2 illustrates a p ion of a cleaning
apparatus 138. A cleaning fluid 140 flows around an exposed surface 142

of a microstructure device 144 and around a slider bearing 146 during a

cl eaning operation. Cleaning fluid 140 can be a clean gas such as air or
dry nitrogen, or it can be a liquid cleanikng fluid. 10 Ceaning fluid 140
is drawn over the microstructure device 144 at. a relatively slowrate to
carry away particles 148 as they are dislodged as explained in nore

detail below. The cleaning apparatus in FIG 2 is used to renove the
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there is fluid flow above the _exposed surface 142. As is well known, flow
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di stance away famhtht eepdsed sutdicg 1ddyer 150. A way i s needed to disturb
As illustrated in FIG. 3, the pressure P in the cleaning fluid 140 at 165
increases greatly at the narrow gap 156. The rate of change of pressure dP/dX
15 increases in a turbulent wake 166 beyond the gap as illustrated at 164. In FIG. 3,
the horizontal axis X represents position along the exposed surface 142 under
the slider bearing 146. The solid vertical axis P represents pressure and the
dashed vertical axis dP/dX represents pressure gradient.
The increased pressure P at 165 (near X=0) generates a force that tends
20  to lift the slider bearing 146 a small distance away from the exposed surface
142. Slider bearing 146 is able to move because it is resiliently mounted. The
boundary layer 150 is forced through the narrow gap at 156 resulting in the
desired high flow rates in the cleaning fluid which scrub the particles off of the
exposed surface 142 along a cleéning line 147. The flow of cleaning fluid at
25 156 disturbs the boundary layer 150 and comes extremely close to the exposed
surface 142. The particles 148 are entrained in the turbulent wake 166 behind

the slider bearing 146 and carried away by the slow flow of cleaning fluid over



the relatively stationary boundary |ayer 150, and provide high velocity
flow of cleaning fluid a he exposed surface 142 t enove t he pft(ryt Ebefﬂﬂli
148. 5 As illuggfadspd at , the mcrostructure dev 144 is rap 5

noved or spun relative to the slider bearing 146. Mrcrostructure device
144 is secured on a fixture 187 that spins the mcrostructure device 144.

A nounting arm 154 subjects the slider bearing 146 to a resilient force
urging the slider bearing 146 toward thesexposed surface 142. Fl ow

i nduced by the relative notion between 10 the.m crostructure device 144

and the slider bearing 146 forces the boundary |ayer 150 to pass through
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| distance between the disc and the slider bearing, and P is the ambient pressure.
This force is approximately two orders of magnitude larger than the forces that

15 are generated with commercially available megasonic cleaning equipment.
Cleaning using a slider bearing has the potential to be even more efficient than
megasonic cleaning. *

In FIGS. 4-7 below, features that are the same as or similar to features in
FIG. 2 are identified with the same reference numbers.

20 FIGS. 4-5 illustrate a first embodiment of an apparatus 200 adapted to
clean exposed surfaces 142. Apparatus 200 is arranged to clean multiple
exposed surfaces 142 of microstructure devices 144. The arrangement of
apparatus 200 is similar to that of a disc drive. As illustrated in FIGS. 4-5,
microstructure devices 144 are discs for a disc drive, however, a vacuum chuck

25 plate such as the one illustrated in FIG. 6 can be installed instead of discs. The
microstructure device 144 are secured on multiple surfaces 187 of a fixture 186.

Fixture 186 is a drive shaft of a servomotor 188 that is used to spin the drive



damage t he exposed surface 142. The pressurized boundary |ayer at the
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Reynol ds equation. For exanple, a plane wedge slider bearing in air with
a bearing nunber of 1 x 104, a bearing length of I centinmeter, Hrax/Hmn
= 200 and HMmn = 1 mcron, generates a force on a particle that is on the
order of I x 10" D3 Newtons, where Dis the diameter of 10 the particle in
nmeters. The "bearing nunber” is equal to ?6 UL)/(h2 P) where is the
viscosity of the cleaning fluid, Uis the relative velocity between the
disc and the slider bearing, L is the slider bearing length and h is the
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at the cleaning lines 147. Turbulent wakes 166 follow the cleaning lines 147
and are carried away by the slow flow of cleaning fluid 188 over the apparatus
200.

15 When cleaning is complete, the slider bearings 146 and the resilient
mountings 154 are moved from an operating position (as illustrated in FIG. 4)
over the exposed surface to a second position out of the way of the exposed
surfaces 142 as indicated by arrow 149. The resilient mounts 154 are attached to
a hub 182 that pivots on an axle 184. The movement is driven by a voice coil

20 motor 180 in a manner similar to a disc drive. This movement allows for
convenient installation and removal of the microstructure devices 144.

FIG. 6 illustrates an assembly 300 that includes a vacuum chuck plate
302 and multiple substrates 304 including arrays of disc drive heads. The
multiple substrates 304 are secured to the vacuum chuck plate 302 by

25  application of a vacuum under the substrates 304. The vacuum is provided from
a central plenum shaft (not illustrated) via vacuum passageways 306. The

assembly 300 can be loaded into an apparatus such as apparatus 200 of FIGS. 4-



The stider bearings 146 are coupled to the resilient nountings 154 over

t he exposed surfaces 142. e mcrostructure devi ces&4 are spunl ByFEB 2004
servonot or 188ggadbe m cr ructure devices 144 nove i ndi cated by arrow
152, generally perpendicular to the slider bearings 146 and cleaning |line
147. This relative notion provides flow of the cleaning fluid along the
dashed cleaning line 147 on the exposed surfaces 142 adjacent the slider
bearings 146. As the microstructure deviges 144 spin, the cleaning lines
147 nove over the 10 exposed surfaces 142 along a line generally

perpendi cular to the cleaning line 147. Substantially all of areas of
surfaces 142 are swept clean by the high flows at the cleaning |ines 147.
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is mounted on a shaft 332. Mounting plate 330 can be in a cleaning position as
illustrated or can be moved away as illustrated by lines 331 to permit convenient
loading and unloading of micromechanical devices 304 in the chuck plate 302.
15 Shaft 332 includes an internal passageway 334 that delivers highly pressurized
cleaning fluid to a passageway 336 in the mounting plate 330. Passageway 336
couples the highly pressurized cleaning fluid to four nozzles 338 that are
arranged beneath four slider bearings 340. For clarity, only two of the four
arrangements of slider bearings 340 are illustrated in FIG. 7. Flow of the
20  cleaning fluid 140 is generated by the pressurized nozzles 338 disposed between
the slider bearings 340 and the exposed surfaces 142. In FIG. 7, no high speed
relative motion is needed between the slider bearings 340 and the exposed
surfaces 142.
In summary, an apparatus (138, 200, 400) is adapted to clean an exposed
25  surface (142) of a microstructure device (144, 304). The apparatus (138, 200,
400) includes a fixture (186, 302) having a mounting surface (187) adapted to

secure the microstructure device (144, 304). A cleaning fluid (140, 188) covers



Assenbly 300 can al so be | oaded into an apparatus such as appar at'nz #Dmm‘
illustrated belowin FIG g 5 FIG 7 illustrates a cond enbodi Q]tr 1
an apparatus 499, adapted cl ean exposed surfaces i of m cronechani cal

devi ces 304 secured to the vacuum chuck plate 302 as shown in FIG 6. The
vacuum chuck plate 302 is nounted on a shaft 320. Shaft 320 is arranged
to be slowy rotated during a cleaning process to nove nultiple cleaning
lines 308 over the exposed surfaces 10 14¢. Shaft 320 includes an internal
passageway 322 that provides vacuumto the vacuum passageways 306 in
vacuum chuck 302. A novable nounting plate 330 is nounted on a shaft 332.
Mounting plate 330 can be in a cleaning position as illustrated or can be

nmoved away as el shgfokédt SekeRY deﬁSA%ﬁagxt Bem[grmhs,mmeﬁi @8fosed QREY e and

unl oadi ng of m cronechanical devices 304 in the chuck plate 302. 15 Shaft
332 includes apxpase@sneficeptd@hodvigsiligsimonatt(18¢) rouples toi thel stider bearing zed

cleaning fluid assageway 336, . mountin | at e 330. Pas eway
336 coupl es. ¢ b 247 BHEREH RS AT BRI el P Bt B RsaR 85,
that are arranggeemeneaider Béuarngghhd,esr4opaakicn@§ir@4&e (a7, 308REd dubjecP Y two
of the four arrangenents of slider bearings 340 are illustrated in FIG

7. Flow of $§heflow ofitbeplearjng fluid(140.0188% generated by the pressurized
| 338 di [, j ;
vl oS30 0'spose el R bl A TR SR,

surfaces 142. In FI notion 1S nee
t he slider beandvasagedof sadoushemisodiments of ther inaedonlkXe been setnfiorthyin then

GPEa o 7 seanna ok riaaus Al o S 53 By 7
Do udes 2 T1 X difodillal, SN T AGTRURIS ARISHEL B AIHER): Gilanherl Lo

secure the mcrostructure device (144, l'eaning fluid (140, 188)
covers '1 Q0FEBh2(Rd BEA BEShadehdn edgiaibedspeciallpcim (riaseys o sthictige fwhri ng

(1855 249) 12 G 3posed Y Shd i IR DSBS SRLin T ™
308) is presentexfit ifdcREP Bye theS bfohd Ceentreft Iheaning of the terms in which the
appended claims are expressed. For example, the particular elements may vary
depending on the particular application for the microstructure device while
15 maintaining substantially the same functionality without departing from the
scope and spirit of the present invention. In addition, although the preferred
embodiment described herein is directed to microstructure devices for a disc
drive storage system, it will be appreciated by those skilled in the art that the
£ teachings of the present invention can be applied to other microstructure
20  devices, like LCD panels or silicon or gallium arsenide semiconductor
integrated circuit wafers, without departing from the scope and spirit of the

present invention.



adj acent the slider bearing (146, 340). The cleaning line (147, 308i (S
subject to 5 flow of the cleaning fluid (140, 188). It is to be
understood that even though nunmerous characteristics and advantages of
vari ous enbodi nents of the invention have been set forth in the foregoing
description, together with details of10he structure and function of

vari ous MWHATIISCTAIMED{ISe i nvention, this disclosure is illustrative
only, and to changes nay be made in detail, especially in nmatters of

structure and arrangenment of parts within the principles of the present
invention tR WAh@ethbl bf clexdifdpartiBds frdferbdididy9ayet 8A%9n %@%&@Eur%@'&wg of
the terns in which the appended clains are éxpressed. For exanple, the
particul ar el enerastsuciirg dovies; comppsingi ng on the particul ar application for

the nicrostructuge Al while 15 paintaini subst.antially the sane
functr% onality w t'hg%@llhéggrrfulcﬁoﬁtrfl?t&ﬁﬁ PEC LA urﬁﬁﬂhE%FFf‘PO%‘fl SYHEChr esent
invention. In addi immersedin helghing figidpr ef erred enbodi nent descri bed
herein is directed to mcrostructure devices for a disc drive storage
system it will Bemoyptings slideg bearingippadresiient nagpnting omer the exposed surfase
teachings of the p t, d i i t 1.C tructure
20 devices, like Lgﬁ)%gr?eéag\ﬁg&ése?P?&c%@eggeagggPpﬁ%efggg%ﬁggﬁé%m&g%nduct or
integrated circuCt pmeridingflowiof iteutleat@rpafivid dgobghntive ghealongpeleanitgdiper i t  of
t he resent inventign. FES I 1S, CLAI ]S -10 1. A nethod of
clealfng particl esOF ﬁ&ﬁ@oﬁg\é\%ﬁw %ﬁ‘étrth/gﬁl‘iﬁﬁb%%@e%w aégr%g],enae

m crostructure devif@e bo@iiaky RyEY disRdingIREMMrtiNEs bR A 66BRFMaTLH € devi ce
on a fixture with theeexpose% Igf}?f (zceém.g i rr?‘rlc\{:ﬁrlse% ri n a C?eaﬁii:}}r?g&f [uid; B.
mounting a slider bearing on a resilient nounting over the exposed surface

to forma p en the.slider bearing and the exposed surface; and C.

provi di ng ?ﬁoﬁgiﬁ'&ﬁ?@o&c@gﬁiln eﬂf%n?%s?%gh the gap along a cleaning line

10 gnl the exposep. alovingaRe atjrogfRturé Bevied detligive BeeisidertRatigNdomd £ 2

t ur bul ence
15

motion line that is generally perpendicular to the cleaning line.

3. The method of claim 1 wherein the exposed surface is a sliding surface of a

microstructure device for use in a disc drive.

20 4. The method of claim 3 wherein the microstructure device comprises an array of

disc drive heads on a substrate.

5. The method of claim 3 wherein the resilient mounting is movable from a first
position over the exposed surface to a second position away from the exposed
25 surface.

6. The method of claim 1 wherein the flow of the cleaning fluid is generated by

relative motion between the slider bearing and the exposed surface.

30
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in the boundary | ayer, dislodging the particles fromthe boundary | ayer. ----
15 2. The method of claim1, further conprising: D. noving the 1 UyFEB 2004
m crostructure device relative to the slider bearing along a notion line
that is generally perpendicular to the cleaning line. 3. The nethod of
claim1 wherein the exposed surface r4la sliding surface of a

m crost r uctlur & ethpd of ¢leaningsan éxposediiusfacelofi ammicr@rudturd devices tdragrisifig:cl ai m 3
wherein the mcrpstructure device conprjses an arra di s¢ drive heads

f
on a substrate. ‘5. SSFHBGHEEHYGOSHULILG GeVise R @rLEqtyre i tg%E’FHqS t nounting is

novabl e from a fir gfrfacefinktsed iy Skadifefigigposed surface to a second
position away fromthe exposed 25 surface. 6. The nethod of claim!l

wherei n the fl o/B.omouniings digat bagring oh @ resilient mouatinglovey the expasédve not i on
betwegn the sli ders&}ga%j ng and the exposed surface. 30 '10 FEB 7004' - 11
7. A nethod of cleaning an exposed surface of a mcrostructure device,

conprising: A Gepoviditg fléve ofrihe cleahing Fluid oA€Y cleeniap lide bheure Wi th the
exposed surface imersed in a cleaning fluid; 5B. nounting a slider
bearing on a resi| $9sediiises adjacspbthesliderdeprirgs@and ur f ace; C. provi di ng

fl ow of the clegwi M 130, b sed surface
adj acent the sl %e e@é@?ng@%gfﬁe%g%ﬁ@fggﬁ é\téy? Hgég?@(}\%dg&(zt?%e cl eani ng
fluid by a pressurdizpaiedbemieen thesfidadeating umkthe ekpossd suléicebear i ng and t he
exposed surface. 8. A nethod of cleaning an exposed surface of a

m croStructure device, conprising: A securing the mcrostructure device
on a fixture with the exposed 15surface immersed in a cleaning fluid; B.

mounting a slider bearing on a resilient nounting over the exposed
8. A method of cleaning an exposed surface of a microstructure device, comprising:

A. securing the microstructure device on a fixture with the exposed
surface immersed in a cleaning fluid;
15 B. mounting a slider bearing on a resilient mounting over the exposed
surface;
C. providing flow of the cleaning fluid along a cleaning line on the
exposed surface adjacent the slider bearing; and
D. wherein the cleaning fluid is a liquid subjected to a static pressure

20 during cleaning sufficient to prevent cavitation.

9. An apparatus adapted to clean particles from a boundary layer on an exposed
surface of a microstructure device, comprising:
a fixture having a mounting surface adapted to secure the microstructure
25 device;
a cleaning fluid covering the exposed surface;
a slider bearing disposed over the exposed surface to form a gap between
the slider bearing and the exposed surface;
a resilient mount coupled to the slider bearing; and

30 a cleaning line on the exposed surface adjacent the slider bearing, the



surface; C providing flow of the cleaning fluid along a cleaning line on
t he Oexposed surface adjacent the slider bearing; and D. wherein the
cleaning fluid is a liquid subjected to a static pressure during d 8aREBd2004
sufficient to prevent cavitation. 9. An apparatus adapted to cl ean
particles froma boundary | ayer on aniexposed surface of a mcrostructure
devi ce, conprising: 25acikinthdifife Beig §ibjcdt UGV biMthe TahAEFIAd RPIRErale
secure the mcrostructure device; a cleaning fluid covering the exposed
surface; a slider bearitmgpbulérepisthd bourdary hyer disbsigihgshe particles rofrothen a gap
bet ween Ot he slider beari ng ar]d t he exposed surface; a resilient nount
coupled to the slider b AN ﬁra; A¥hd a cl eani ng |ine on the exposed surface
adj acent the slider bearing, the 1 0 FEB 2004 -12- cleaning |ine being
subject to flow of the cleaning fluid to generate turbulence in the
boundary | dfeFhe spparasespficdpimiwherein the elsaming line mevespygnthgeppeseder . 5 10.

The appar at us i . I i | hne. s over the exposed
surface al ongs a alclgh@hggErglg\ré\%ﬁqegmg}’eé%g%@#c?ﬁ}é?g}eoél%ﬁlenrég?ﬁgani ng line. 10 11.
The apparatus of claim9 wherein the exposed surface is a sliding surface
f ' t t devi f ' di ive. . Th f
Claim o whdneTlF BB ST FOTENIE0 PO SeErpiors e Sig RRGoRTA 4 56
drive heads oRi@osHRELE 8l Bee foP usehil ARRAvAt us of claim 9 wherein the
resilient mounting iIs rmva%l e froma first 15 position over the exposed

surfHte to a second position away fromthe exposed surface. 14. The

apparat s qfy £ iS5 9 Dherbdthle Rherblifuchlrd BBl hultnSy 2 o
disc drive heads on a substrate.

13. The apparatus of claim 9 wherein the resilient mounting is movable from a first
15 position over the exposed surface to a second position away from the exposed

surface.

14. The apparatus of claim 9 wherein the flow of the cleaning fluid is generated by

relative motion between the slider bearing and the exposed surface.

20
15. An apparatus adapted to clean an exposed surface of a microstructure device,
comprising:
a fixture having a mounting surface adapted to secure the microstructure
device;
25 a cleaning fluid covering the exposed surface;

a slider bearing disposed over the exposed surface;
a resilient mount coupled to the slider bearing; and
a cleaning line on the exposed surface adjacent the slider bearing, the

cleaning line being subject to flow of the cleaning fluid; and



rel ati ve noti on between the slider bearing and the exposed surface. 20 25

15. An apparatus adapted to clean an exposed surface of a n‘icrostrgc@g}ﬁe
device, conprising: a fixture having a nounting surface adapted t emﬂ'f
the mcrostructure device; a cleaning fluid covering the exposed surface;

a slider bearing disposed over the exg%sed surface; a resilient nount

coupl ed to the slider bwheteinghe 8ow of the deaningyflbidnegaeratéttbyea presaniizedir f ace

adj acent the slider beafj .1 he | eani .kne being subject to flow of
the cleaning fl uid; andﬁﬁ%%ég%%l Eeﬂi,@%ﬁgﬁiéﬁ!‘%%?ﬂ@gﬁ%&%%% cl eani ng
fluid is generated by asyifaessuri zed nozzle disposed between the slider

bearing and the exposed surface. 5 16. An apparatus adapted to clean an
exposed surface of a mcrostructure device, conprising: a fixture having

i caning 1101 A" appuRiesaded @ AR SbMEARALEI AR RAEBBE Ry G cposed

over the exposmoprising:ace; a resilient nount coupled to the slider
bearing; and a cl eaFi ng i]i ne on the e>f]gtgé)lsed surface adjacent the slider
bearing, the cl eahfRgTe RavanGRMeynidnasusiace adapteddo senure e mucrosimateres | ui d;
and wherein the cleaniggideuid is a liquid subjected to a static pressure
during 15 cleaning sufficient to prevent cavitation. 17. The apparatus of
cl ai m 9 wherein theclehringflnig doveriing the ezposed $@facthe apparatus of claim9

whergy n the mcr OS§ [iitfel ger:aerin%ed\llsip%gecf: c?vrép[l{ese?qsaos%dsshllfgc%?n
a resilient mount coupled to the slider bearing; and
a cleaning line on the exposed surface adjacent the slider bearing, the
cleaning line being subject to flow of the cleaning fluid; and
wherein the cleaning fluid is a liquid subjected to a static pressure during

15 cleaning sufficient to prevent cavitation.
17. The apparatus of claim 9 wherein the cleaning fluid is air.

18. The apparatus of claim 9 wherein the microstructure device comprises a silicon

20 wafer.

19. The apparatus of claim 9 wherein the microstructure device comprises a gallium

arsenide wafer.

25 20. An apparatus adapted to clean particles from a boundary layer on an exposed
surface of a microstructure device, comprising:
an arrangement of a fixture mounting the microstructure device with its
exposed surface covered by a cleaning fluid and a slider bearing
forming a gap between the microstructure device and the slider
30 bearing;

means for generating flow of the cleaning fluid along a cleaning line on



20 wafer. 19. The apparatus of claim9 wherein the mcrostructure, device
conprises a gallium arsenide wafer. 25 20. An apparatus adapted tbOcFEBrZ00b
particles froma boundary | ayer on an exposed surface of a mi crostructure
device, conprising: an arrangenent of a fixture nounting the

mcrostructure device with its exposkb-surface covered by a cleaning

fluid and a slider bearthagxpdsed sirfage adjgesnt tetshiderbeating td genesite uct ur e

device and the slider 3 earing: .means for geperati fl.ow of the
cleaning fluid along a t(‘:'ﬁ’élzefﬁcﬁal lﬁphgu r’bfaﬁﬁBglléﬁ’%g‘I‘&t ‘?H@"@lﬁ?b eBdhe ur f ace
adj acent the slider beasdungary@aygenerate turbulence in the boundary |ayer,
di sl odging the particles fromthe boundary |layer. 5 21. The apparatus of
claim 20 wherein ' the cleaning |ine noves over the exposed surface al ong

i h G . | ing line. 22 h f
i 20 et rRRLBSHIAN Ay bteh s QR i VS vpCips Foposdl™™ ™ °

i crost r uct uswefadewlong afline geseallypapstidiculad te.clebfingdineThe appar at us of
Claim 20 wherein the mcrostructure device conprises an array of disc
drive heads on a substrate.

22. The apparatus of Claim 20 wherein the exposed surface is a sliding surface of a
microstructure device for use in a disc drive.
10
23. The apparatus of Claim 20 wherein the microstructure device comprises an array of

disc drive heads on a substrate.





