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VETHOD AND APPARATUS FOR CLEANI NG DI SC DRI VE COVPONENTS FI ELD OF {rlﬂEFEB 2004
| NVENTI ON 5 The present i ntion relates to disc dri data storage
devices. In pgglbspl ar t present invention relat e‘o cl eani ng discs

and wafers used in meking disc drives. BACKGROUND OF THE I NVENTION I n

di sc drive storage devices, as well as other technologically 10 advanced
devi ces such as LCD plates, there are surfaces that include

m cromechani cal structures at or near the surfaces that are subject to

damage. For exanpl e, discs m]é in.l.ayer ,} tic mterial at a
sliding disc surface and re \)’%% r g‘agnetic and
I nsul ati ng conponents f oreBANING BISG; TSvhen particles

adhere to the sliding surfaces, 15 the particles can be broken | oose by
the sliding action and damage deld ' ﬁﬁq j cal structures on one
or both sliding surfaces. d eanﬂgl’ o THE TNY el ailable for
effectivel ysrenovi ngrHeaprgsint ifentiog [relates Rordisx dripe elatabstorigehddviss, In
ul trasoni ¢ and nmegasoni ¢ cl eanj ng have,K been usedg\/{dﬂomea\éﬁr, gurni sh, heads
can break up paerticassthe preseahanvERionEelates: lopgleaingfiscs andsWalgrhassd iy ¢ he
,S| I di ng surfacqnalgﬁll%a@?gm,g& or negasonic cleaning would have to use
‘unaccept abl e anounts of power in order to get high enough pressure
gradients to renmove small paBACKIGROUND QF d3E BNVENTION of di sc drives
i ncrease, the critical dinmepnsiqn between,sliding ¢ onents is ,becam ng
smal ler and approachi ng 1B %aﬂﬁ? Siorage deyisss %FpB’FﬁE%&gﬁrs.?echn%gglﬁ% and
apparatus 2% argvaeedededibat st ! D it Meeye Sdr@l surfieed | thhe Sinéluden
ni'cromechani cal  sliding surfaces wi thout damagi ng the nmicronechani cal
structures thatmigrameghapcal siaighuresas of|nean thy surfrpescibat Hasuhiget Wedamageni ng
process. SUMVA THE | - ' : d p tus
ot en 1ot oPorchabigle, |G HEVEN R G2 ¥ hipRihileHa i AeRRPESE
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



30 surface of a microstructure device such as a disc or head for 'ﬂﬁlﬁiﬁt
drive. The . "T 0 SEA 9$ FEB 2004 -2 apparatus i[budes a fixtlr 2004
a nmounti ng surdgaGgs;adapt to receive the mcrostr ure device. A
cleaning fluid covers the exposed surface. A slider bearing coupled to a
resilient nmount flies over the exposed surface. A cleaning line on the
exposed surface adjacent the slider bearing is 5 subject to a flow of the
cleaning fluid. The flow can be generateg. by rel ative notion between the

m crostructure device and the slider bearing.or generated by a nozzle.

Addi tional features and benefits will becone apparent with a careful

review of the follow ng detail ed description and the correspondi ng

drawi ngs. 10 BigpefatdsEnomAEsTh Giktile With DROMAINGS sufdde. adbpied| 1osteceivestha di sc
drive storage device. FIG .2 iIIustrafi)g fluid fl ow Qf Z cleaning fluid

bet ween an expBEESUUSHFT dryviceoft cheaning SF%‘@'E% CYRRACE EUAHE- a sl i der

bearing. FIG 3 illys e S : g i he
slider 15 bearing }lgnst@?{egégmgﬂ&ﬁcjbﬂéa toggﬂfﬁﬁgﬁf%&? gmaﬂ??r@?; erlr%gglﬁdnslea%t of

an appar at us asiafatedA tabeaningaline onithe gipesak pued adjacentcthbe sliBerCheaging is

illustrates a vacuum chuck plate securi.ng | tiple substrat t hat. each
i ncl ude an ar r%\?’leﬁf t‘l:lf‘gk’wd?'t\;“é °$F@8’c§’§.ud§6 ﬁfh]éf{"?‘yf?'r EE@F%‘T@@S}}%@%&)‘HE
embodi ment of agiaPBaW_bH the dieRkRGkthR debR@And el dlidBY Keafing of geharated Bges.
DETAI LED DESCRI PTION I n the enbodi nents descri bed bel ow, a cl eani ng

appar at us cl eamBozZztrenely small particles from exposed surfaces of

m crostructure devi Rggitigﬂﬁhfeat%?esaagxd?%&%ﬁgr LWe b§é3rg§%§pﬁgrﬁ B CS carbhB

fitcrostructure deviC r'e secure
review of the following detailed description and the corresponding drawings.

10 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a disc drive storage device.

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



nmbunting surfaces in the apparatus and a cleaning fluid covers the exposed
surface. A slider bearing aresilient nount is di sed over thpn F%% 2004
exposed SEA 963], ¢6l; O FEBW@W04 -3 surfaces. C eaning@nes are forned

t he exposed surfaces adjacent the slider bearings. The cleaning |ines are
then subjected to 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. A boundary |ayer on the exposed 5
surfaces is disturbed by the flow at the cleaning line and particles are
efficiently renoved. In FIG 1, an enbodi ment of a disc drive storage
device 100 is illustrated. D sc drive 100 includes a disc pack 126 havi ng
storage surfacgrfdds. _@i&aﬁingnﬁes haePfofiAdd On HRY&pSsedf suffdBéteddjsceriBiherslidkr t hat
are deposited using mcrostructure 10 fabnlcaflon techni ques.. The disc
pack 126 i ncl udearingssTherlewtinglingsigss teasahiectethie flaw ef the glpaping: fuidBee
assenbly 112 i e J :

ot acked di so. Hher AR B fsflt AP Befnclh MRl deiBftha
fabrication teahaslidéebeaidsSor garkatddby b hosgleln Aobourdant Bslerasn gieosmpobsd ar r ow
107 to allowread/wite head assenbly 112 t¢ agcess, different Qta}ional

| ocations fér duacesisdistirbadebysthe flgyedt dher ¢leaning hpssand-particlesiare efisciently; o6
Read/wite hea?]g§§§pbly 112 is actuated to nove radially, relative to

t he di sc pack ) , as shown by arrow 122 to access different radial

| ocations for data laFIGhé, st onEgeneof adiss diiod stofagdidevice d@kisliltastrated.

Typically, the actuati af ead/wite h assenbly 112 is vi.ded by a
ﬁ%ﬁ ce coil not ’S‘i%&"e 3@9 dECIE‘EﬁSIa gi5e Wﬁﬁbﬂgé%ng%éﬂﬁ?ﬁ%ss‘g?aﬁﬁ 6& Fhat
pivots on axle &ﬁ@algnﬁyaﬂ &f Mabhdict hdteriaP tatl A€ Hepdifed QR WidrEstiRAke
assenbly 112. Disc drive 100 includes electronic circuitry 130 for

cont rol I i ngiot hefabriation kashniggest. e dlisscpagk 19 inchulen adtack Hf srdtiple difcs ged a i n
and out of the i 36l ead Bt} Y2 inkfiedt RbMh Gl b Reatd 118%0r OVer

the storage surtace
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



25 the disc drive 100 as illustrated. If there are particles of a large .
enough di nmensi on bet vveend:e sliding surfaces, thenﬂere is an ihd é-‘{&qm)l'
ri sk that one sp{osshe sli g surfaces may be danage uring operation.
nodern disc drives 1 0 FEB 2004 SEA 9651 -4 a critical dinmension can
approach 5 nanoneters between the head 110 and the storage surface 106.
Particles can cause damage and need to be renoved from the sliding
surfaces before assenbly of the disc driye 100. Methods and apparatus for
cleaning the sliding surfaces are described below in connection 5 wth
FIGS. 2-7. FIG 2 illustrates a portion of a cleaning apparatus 138. A
cleaning fluid 140 flows around an exposed surface 142 of a

M crostruct ur e adevicsledid@dsiom Gan aipoHet 8 nahdrfi@ersiiRanédnothd Headl Ui BHd he

cl eaning operation. Ceaning fluid 140 can be a clean gas such as air or
dry nitrogen, &t rage S@@fﬁceowfg Particlesican eaups daynageand need toibe gamaved framd 140
L5 drann over e TUAE pHAUS! HIGRIRAR I ofl oo’ LA 1BE! MR 4 © 1O

carry away partlc | odged "as

detail bel ow. %pgarstueds ﬂgaxﬁpgpmeasmﬁng' surfdc& a d@cﬁb@ﬁbélowr Bneomettioh
extrenely snal IQ\,ﬁartl cles 148 from exposed surface 142 before the

m crostructore™ 29044 (or a portion of the microstructure device) is
installed in a di SCF@GIzvmus&éteévb95%%99fcwaﬁmg%15b&sm§%sl %aeéhhglmm di sc
drive conponent such as a disc or a substraté with an array of disc drive
heads. Exposed 140rfoacearouitl s espossdisirfase MBanf, a afitrostrassendsiviceof44aard sc

drive, wll slide her face qurin operatjon of th | SC

71 ve. The expatuieaiddwatas f e eyt ontiibr - ianie b L& on
techni ques suclpeasclb@aPpisigich %@latrt&rdrwmr&g@ﬁ%xcxalca@@e\aap@ndeaﬁigtma;

epi taxy, evaporation or the [ike. Mcrostructure fabrication processes or

associ at ed 1ﬁan(ﬂli541gngaﬂélds}c"(9r iagsawn overdheimigrgsirpatere devicgelAdcd a miativeln

| cave the extr ey yaud FamyRfal! fahfifes 148 SRS 78 alsfo gl S ¥RRREA SRS

detail below. The cleaning 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



The partlcl es 148 adhere strongly to exposed surface 142 and are d|ff|c I

to renove. These partlclml48 are so small that th remain enbddﬂdEE 2004
a 25 boundary lsgxeés1150 o he cl eaning fluid 140, \e‘ when there is

fluid flow above the exposed surface 142. As is well known, flow
velocities in a boundary |ayer such as the boundary |ayer 150 are
relatively lowin relation to exposed SEA 9651 1 0 FEB 2004 -5 surface 142
in spite of the fact that there may be cogsiderable flow velocity a short
di stance away fromthe boundary | ayer 150. A way is needed to disturb the
relatively stationary boundary | ayer 150, and provide high velocity flow

of cleaning fluid at the exposed surface 142 to renove the particles 148.

5 As il lustrat efirfate 152 in spiee ﬂﬂmecfs&trthaxttuéxe 18V be eorlsidbratie flopi edlycityoyed or
spun rel ative t% the slider bearing 146, Mrcrostructure device 144 is
secured on f§ ﬁft&@aqcmawqﬁ/affrorwhﬁéowr?@rsmad%m uBt WRkeiscrapfedstog digturby

nmounti ng arm 1

urging the sli er earlggéiﬁéﬁyt%lgivlvar y?aﬁgf g%%g%@ﬁg«fg@g%ﬂdf@a%ﬁ%?e

i nduced by the dedniig ﬂmdrmtheMpbmd\mrfanellGZttdneemmrertb&partidbyt438 devi ce 144
R L T ey R e R
surface 142. guhlrélﬁﬁ{}é‘foetﬁe meFlb@amgﬁ 1461%&&@3%@{& E)e\héé meis%&@éu&g

fluid 140 at 16 i ncreases greatly t he narrow gﬁf . The rate of
change of pressufixtue/18X thatsspime theamessostmucre devies A/aheurmm ooy dbd t he

OB Ton  an ke S RS 0 BRT Rt SRR
solid vertical wwiagd mere&pbﬁa@a}ﬁcm%smw ndgcetdty thelaclhivt motién bétweaxi S
dP/ dX represents pressure gradient, 5 I ncreased, pressure P at 16&5@({near
X=0) gener alles WefmicEestupic feviers 140 and the slder pasing 1"(%?‘"??@&1“? hgua

smal | distance gyaydg Qpdst thrGedtOs RatroW ghF 956 between the the slider bearing 146
and the exposed surface 142.

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



142. Slider bearing 146 is able to nove because it is resiliently nounted.
The boundary | ayer 150 i orced through the narrowggap at 156 r WFEQQ
in the desiredghbg@gh flo tes in the cleaning flui i ch scrub 2004
particles off of the exposed surface 142 along a cleaning line 147. The
flow of cleaning fluid at 25 156 disturbs the boundary |ayer 150 and cones
extrenely close to the exposed surface 142. The particles 148 are

entrained in the turbul ent wake 166 behin the slider bearing 146 and
carried away by the slow flow of cleaning fluid over 10FEB2004 SEA 9651 -6

t he cl eaning apparatus. In the case of liquid cleaning fluids, a static
pressure is maintained on the cleaning fluid to reduce or elimnate any
cavitation thathditightling dppERaas.t iethexResediquid ¢ledting Adids, T eafé pressire ied
boundary | ayer at the %ralllng edge (at 156) generates 5 high pressure
gradi ents. The magﬁanmd@atbfr clesning fyiddiredvee oreliminatecasy icavitation thatamight

anal ytical solution d tion. For exanple, a plane wedge

slider bearing qtaﬁlaﬁ?ﬂ‘ ﬁseg B@ﬁ"re g nunmber of 1 x 104, apbeari ng Igengt‘h

of I centinmeter, HEne ﬂsmsiﬁnze(ﬁe&uﬁllﬁ@ }dmaxﬂaFth& tfﬂllﬁngEdgeg(anﬂﬁél genedatéor ce

on a particle that I's on the order ere, E)If t he

di arr;etﬁr of S&E }tlgllbpfﬁéﬁwcﬂréd‘?ﬂis nﬁ@r%‘agnﬂ’t’é "géh‘?slerﬁja GWBéian sedimpttd 1o (6
UlL 2 P
rel ;t |(ve v)el OCI (ﬁnggta\?\%@tlg?l ﬁ;&i?&ﬁ'offlke%ola{: r. dg:ﬁ Bge)urﬁﬁlg tiahéw"eﬁge

éar I'ng,
S|hl delr 3ear |bng dhaalgbekarmgdnhm mthhaeberanng mumberdofs 1 anbe?, bd:teamlemlgm df sk and
the slider bearing Pi ressure. forc
éppr oxi mat el y t%ﬁ m&?‘ﬁ'ﬁﬁ %B Baﬁ‘g@r t'h H‘rﬁcrf’?regefnﬁfaéeess S‘Ffﬁf’ P52 are

generated with ﬁ&m@m{t@é Mﬁﬁ\@&ér&if'lex MY EF QivRoRd, SRzt D IS HHY cﬂmﬂter of
Cl eani ng using a slider beari ng_h as the potential to be even
g

efficient ttan thnpglasln’mcnmrea j'bepringmuaerziseqpd|top kiléby/ (i epﬁ ‘Y}Ff-‘é? are

the same as or n}xle %{sccgs(i)t f ??he cleamng ﬂUId U is the relative velocity between the disc

and the slider bearing, L is the slider bearing length and h is the minimum
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



FIG 2 are identified with the sane reference nunbers. 20 FIGS. 4-5
illustrate a first enbodi t of an apparatus 200 ad ed to clegnp FEB §m4
exposed SUffaC%ﬁA%ﬁ?- App tus 200 is arranged to c n nmultiple expoSe
surfaces 142 of mcrostructure devices 144. The arrangenent of apparatus
200 is simlar to that of a disc drive. As illustrated in FIGS. 4-5,

m crostructure 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

i nstead of discs. The mcrostructure device 144 are secured on nultiple
surfaces 187 of a fixture 186. Fixture 186 is a drive shaft of a

servonotor 188 that is used to spin the drive SEA 9651 -7 0 1 0 FEB 2004

shaft. The app%ﬁ%.uq&O%@%% Rethrhctsct 24 Bahf ofLIEAM Buld vagl kS t hat

is slowy noving as In arrows to carry away sl odge
particles. The sidwlgenoiegas indcattd by armews cugdradaway dilledgedgiatticdest nount i ngs

154 th faces. 142, The microstyuctyre devi 4
Spun by 5 Servonot ophertider BaRisei 46 5 vl Gottiest MRS P4 ever °

i ndi cated by arth@vexposed S@ffied! 142. peThe dirovinddturleOdéigess 1 441 ire Q?ﬁﬁiﬁsgs 146
and cleaning line 147. This relative notion provides flow of the cleaning

fluid al ong 3t heervgmpser 188 ealtiermicrasiracturdeyices Hé4 anpissasdndigated by arrpm

adj acent the sl der | 1,Cr ur Ll CeS spi n,
t he cl eaning | ilrégs gi%ﬁ%gg‘%g\qffe}&l?rh@%}f%Qggi(%]obseggﬁé%%%%‘gC%%héﬁ%’ﬁéﬁg' l'i ne
general |y per peTili auladive traotidne peividesi figw [ ofnthe didahindSulusd artdnigatheydashéd of
areas of surfaces 142 are swept clean by the t the cleaning

titnes 147. Tur bileasing lipackt7 el eher aippery SHECES) 1@2?&%%?%%@@%#% e
Car' 50 o D/ad e SO e g A ol S o
resilient rooundxposssi sibfaces d42rBloeg af lirengeanratlp qreapendigulao $o theorledramng line
'llustrated in FJ?G Su%)stantially all of areas of surfaces 142 are swept clean by the high flows
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-



over the exposed surface to a second position out of the way of the
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vacuum passageways 306 in vacuum chuck 302. A movable mounting plate 330

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
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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
b 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.
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bearing on a resil immerss®imnd ¢lBghiny flaidi he exposed surface to forma gap
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device for use in a disc drive 20 4. e nethod of claim in the
m crostructure device conprises an array of

2. The method of claim 1, further comprising:
D. moving the microstructure device relative to the slider bearing along a

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



disc drive heads on a substrate. 5. The nethod of claim3 wherein, the e
resilient mounting is novable froma first position over the eXpok@dFEB Zﬂﬂl}‘
surface to a second position away fromthe exposed 25 surface. 6. The

met hod of claiml wherein the flow of the cleaning fluid is generated by
relative notion between the slider bedling and the exposed surface. 30 '10
FEB 7004' -7.1A mahogofdedning arf exposaisuniycaol emjrvestnicane davie, odmprising:

m crostructure dgvice, conpr.ising: securing the mcrostructure device
on a fixture w th ?%ﬁ%&ﬁwmaméﬁﬁqt%?eivmp@éaﬁ%erﬁ “athgt}*%’m% fluid; 5B.
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t he Oexposed surB.ameuriijgacdider beaging bh daesikent mougtingover the gxosadat i ng t he

fl owof the cleani ag,ﬁl]‘cg,ui d by a pressurized nozzle di sposed between the
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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 of a mcrostructure device, conprising: 25a fixture having a

nmounti ng surface adapted to secure the mcrostructure device; a cleanin
fluid covering the exposed surface; a slider bearing di sposed over} ﬂhEEE? 2004
exposed surface to forma gap between Othe slider bearing and the exposed
surface; a resilient nmount coupled tojgzhe slider bearing; and a cleaning
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-12- cleaning line being subject to flow of the cleaning flurd to generate
turbul ence in the boundtaurbuléngyén thedioshdadylaygr, distodgingtthe particles fnont the
boundary | ayer. 5 10. Tlg\e]ﬂ?grpgrat us of claim9 wherein the cleaning line
noves over the exposed &% ong a line generally perpendicular to
the cleaning line. 10 11. The apparatus of claim9 wherein the exposed
surface is a sliding surface of a mcrostructure device for use in a disc
drive 12. Wnhthesparaisef caimd wherein thieleaning linemevesrayst theexpessddevi ce

conprises an gpfay a@hé a‘ﬁné %F%fi‘l}'f%%ﬁﬁ}%?cﬁgﬁitgthﬁo%?%%{@tlﬁ‘?b 13. The appar at us

of claim9 wherern resiclien ma first 15
position over the exposed surface to a second position away fromthe

exposed surface. 14. The apparatus of claim9 wherein the flow of the
cl eani ng f Ildi §he 2pngeates tcé%&biwﬁ?rsnnég?%) TUSHRCH B gWefac olfer bearing

and the exposgglbrsd4Ficarederd® P udedin AiscAR@r at us adapted to clean an
exposed surface of a mcrostructure device,
10
12. The apparatus of claim 9 wherein the microstructure device comprises an array of

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



conprising: a fixture having a nmounting surface adapted to secure the

m crostructure device; a cleaning fluid covering the exposed surf Cﬁ;Fﬁh
slider bearing disposed over the exposed surface; a resilient nount =B 004
coupled to the slider bearing; and a cleaning |line on the exposed surface

adj acent the slider bearing, the cledhing |line being subject to flow of

the cleaning fluid; andvheEmaheflow-ofshe cleaning fluithegdnemtedby 4 pressrizedi ng

fluid is generated by a ssuriz noz Ie.%% osed hetween the slider
bearing and the exposedngzng?rq%%oé?fgetwg‘?n tﬁﬁ Sl 3’?%‘1%”5&5%?’8&’3? cl ean an
exposed surface of a m qirfagéructure device, conprising: a fixture having

a nounting surface adapted to secure the mcrostructure device; a
cleaning fluid covering the exposed surface; 10 a slider bearing di sposed

over 4 he exgo : restli I he slider
bear if;ng; a)r(l1 '%ﬁgf’gééf?\‘f“%&fﬁter@ Ogﬁe% ﬁg%gé%sgge a}scg?)? gggg%)é'?%célérﬁt V& siider
bearing, the cahmimgg |i ne being subject to flow of the cleaning fluid;

and wherein the cleaning fluid is.a |iquid, subjected to a static pressure
during 15 cl eani ng® 48#9 @?Vé?ﬁa{n@“’b? C‘?;%dﬁpf"é![ti’é?ﬁur‘?ﬁh? nmygrestEgatieat us of
claim9 wherein the clegijgg fluid is air. 18. The apparatus of claim?9
wherein the mcrostructure device conprises a silicon 20 wafer. 19. The
apparatus of cl ai ntclegiring 8nid qowering the exposed surfasedevi ce conpri ses a gal | i um

10 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
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



arseni de wafer. 25 20. An apparatus adapted to clean particles frpma
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conprising: an arrangenment of a fixture nounting the mcrostructure device
with its exposed surface covered by a cleaning fluid and a slider bearing
forming a gap between the microstructlfe device and the slider 30

bearing; neans for genetheaekpaged bwiaceadjntent tHeadidemtmpafihgtalgemerig a cl eani ng
line on 0 FEB Mk -14- the expose urface adjacent.the slider _bearing to
generate turbul ence int“e‘wie“g%Hh‘g‘si’g?“frf%w,yeljd&éfogla{jﬁgﬁge PHECIsy fromthes f r om
the boundary |ayer. 5 pbunddf@ay@pparatus of claim 20 wherein ' the

cleaning line noves over the exposed surface along a line generally
perpendi cular to the cleaning line. 22. The apparatus of C aim 20 wherein

t he pos i I AH r.f age of m crostructure device for
use |%)r(1 a ?ﬁsg%éﬁégtﬁﬁﬁ%ﬁh iph‘glgear%gggea‘t‘clgﬁu?ﬁ I%EI PWE2Y e(,\ﬁg F@P‘?‘?eg he
mi cr ost r uct uswfadewliong atiasgencsldy peipendicayar @ thedlcabin@llinge 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.





