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LTI " 159159 CLEANI NG DI SC DRI VE COMPONENT: FIELD OF THE I NVENTION ' S
The presewoi]]@gﬁr&ti on relates to disc drive data storage dg\W,6§5/17318
particular the present invention relates to cleaning discs an vva?ers used
in making disc drives. BACKGROUND OF THE I NVENTION In disc drive storage
devices, as well as other technologically 1o advanced devices such as LCD
pl at esJWMﬂmm’m urfaces that include mcronmechanical str ucﬂmmmammmmmm
near t Mﬂlli hat are SyBiT9FOD! ANBUPPERAUS FORP! €, di

thin | ayer «gf;sgqagnetic ”%EEiA"N NG DR Ell.i)ﬂ'l'@ﬂ (%ﬁﬁ*éﬁﬁ:fﬂ‘ie and r eadgomoirt e
heads have vari ous nmagnetic andI I nsuFatl ng conponents formed at a sliding
head surface. When particles adhere to the sliding surfaces, 15 the
particles can be broken | oose BWELDeOB THHE INVEXTION and damage delicate

m cronechani cal structures on one or _both s|iding surfaces. C eaning

t echni quesdare availbgppiesens inrtion: relasssytoy disp\drivg aiz gtaragsadeviessesIn For
exanpl e, burnigh: [We LG .Ch-ean] R used.
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whi ch al so adhedldng dist bdvesl | di ng surface. U trasonic or negasoni ¢ cl eaning
woul d have to use unacceptabl e anounts of power in order to get high enough
pressure gradients to r enovBASHLEROLND OF| IHE I a@N densities of disc
drives increase, the corifi &gl aALESRRARNIBALNCED vl A Bihel QLANBRENY S
becom ng small er and approaching 5 nahonmeters i n sone applicatiadns.” A

met hod andoappdvaiagd @&viesse snadedsd LQiat plees, dharanarex surdavet ythathdhélugar ti cl es

from m cronechani cal ,sl.iding surfaces w thout _da ing the m cronmechani cal
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adapted to clean an exposed ' 3o surface of a mcrostructure device such as
a di sc or headufface andiiegd/vdite headsThawe variisOmA@EELGnd nRETingSOMPLAGLS

~ tus includ fi i 1 ting. surf ed t ive th
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“A cleaning line on the exposed surface adghac_e'nt the slider bearing is 5
subj ect to a fmispragchemealstraeitraspniangiod bothrsbidingswrfaees. be generated by

bj ect 10 a fgy A rbdrgswies be gen |
gener ated by a nosel 6. ATMRTBRSPRA Y el 6F B ADCm R IAREF ' ™0

apparent with partidese§ Bbr eainipey Wit hedde) Wlarudonis aeltBédasonidekatingthaon and

t he correspondi ng drawi ngs. 1o BRI EF DESCRI PTI ON OF THE DRAW NGS .
been used. However, burnish heads can break up particles into smaller particles
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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



FIG 1 illustrates a disc drive storage device. FIG 2 illustrates fluid
flow of a cleaning fluid between an exposed - surface of a mcrostructure
device a er bearing. FIG 3 illustrates pressures re

gr adi ent gﬂuﬁ) e]r;jlghe slider 15 bearing in FIG 2. FIGS. 4-5 ggifﬁf‘ﬁ?e a
first enbodi ment of an apparatus adapted to clean nultiple exposed
surfaces. FIG 6 illustrates a vacuum chuck plate securing nmultiple
substrates that each include an array of.adisc drive heads. 20 FIG 7
illustrates a second enbodi nent of an apparatus adapted to clean nmultiple
exposed surfaces. DETAILED DESCRI PTION I n the enbodi nents descri bed bel ow,
a cl eaning apparatus cleans extrenely small particles from exposed surfaces
of m crost r uctappaatie\incledess adixtals with i smudtiilg/eueﬂadeded@taintb mkceds. thehe

m crostructure devjces are, se ed to untin surfages Jjn the apparatus

and a cl eani ngFIHECtE ieey B’@sﬂe‘ﬂ SOYFHE SXROLLSHEFCDeari ng on a
resilient mount 'Sﬂ'sﬁﬁé}sg&rfhﬁe&oub% ﬁ%@%ﬁﬁem I\AQleg%‘é?&@rFfﬁJ/ gl7s1s

-3 surfaces. Geaning lines are formed on the exposed surfaces adj acent the
slider beari ngigrfacﬁweﬁx cleeamgriglel omée a«pesemmfmtqdmtmdthbcshﬂbnhcanﬁlgtﬂse

| fluid., The fl | at tign b th
i crost Luctur Subigth tee S e SefBR ThBar (o T sBh ok eebtaly by FES e, A
boundary Iayerm&[bntﬂeeweemﬁé eﬁcx%stwﬁxefae&cb %n@tlfetglaaeesleamﬁtob%eﬁére\ea gy the

cleaning line and particles are efficiently renoved. In
enmbodi ment of #nogeléc drive storage device 100 is illustrated. Disc drive

100 includes a disc haV|n sto ge rfaces 106 th are pically
| ayers of magnetic ‘c?‘r%ﬁg?rllaél%g RS e 3&8{3‘%5 flgg’ eipgp%ap%rgr}to buacf:ﬁrtcg}{
fabrication tgeVisw@fése folld fﬂe‘ﬁeﬁleﬂ@@&ribﬁ@n'aﬂ@ tHedRsrespondBigkdrafvingy] ti pl e

discs and the read/wite ea assenbl 112 i ncl udes a read/wite transducer
or head 118 for each stackBk CRi WING®| |y fornmed using

m crostructure fabrpI&atl 11%txra§§g%éll%ﬁﬁres{%§§e&@féé 126 is spun or rotated as

- shown by arrow 107 to
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  bearing in 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



allow read/ wite head assenbly 112 to access different rotational |ocations
for data 1 S on the storage surfaces 106 on the disc pack 126. Read/wite
head assewly Mok i s actuated to nove radially, relative tlﬂ:f/ﬁ@l?bﬁﬁ pack
126, as shown by arrow 122 to access different radial |ocations for data on
the storage surfaces 106 of disc pack 126. Typically, the actuation of
read/ wite head assenbly 112 is provided by a voice coil notor 118. Voice
coil 20 notor 118 includes a rotor 116 that pivots on axle 120 and an arm |
14 that actuates the read/wite head assenbly 112. Disc drive 100 incl udes
el ectronic 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 11GusShdefeSleaning linke afd foirmege ofi uhid agwstd burfate ddjhbent thiessliddr i ve 100

as illustrated. |f there are particles of, a Iarﬂe enough di mepsjion bet ween
the sliding s@eainessThe eesningSpes are then subiepied dxfowiod the ¢leaningduids Thae

sliding surf a P%ytﬁbs% %?aﬁg%re%fv'e%t%%e%éeﬂr{he MiciRd Rk e ‘&Eéiﬁﬁggd Ves

WO 01/ 9s316 - a critical dimension can approac

nanonet er s bethesdidet beardirgnor a@racdby henostler agdosndakpdayed 66 thdPaxpgdsed es can
cause danmge and, need _to be renoved fromthe sl.iding surfaces hefore
assenbly of t §EIafesds distuglediyothe flovheidhe cleening fine andipartieles areedHeiRglY he
sliding surfagggo,@lge described below in connection 5 with FIGS. 2-7. FIG 2
illustrates a portion of a cleaning apparatus 13 8. A cleaning fluid 140

fl ows around an exﬂmﬂ@ k,tmifanlmdimeht@f aadlsmdrwcsttoragetdavwe dew isddusteatedand

around a slid .ba uri . operation i,n f|UId 140
can be a clea g“ Bﬁo ‘é o %Bgﬁrfi?“’lﬁq?g g Pragg S‘H?vfﬁeﬁ)igg ﬂqu

cleaning flui q!ypléa1 falyeRNbM ehalghéticd mbfPial $had r@meﬁmed tdsﬁlgnhﬁéreﬁwcuﬁé ur e
device |44 at refatively slowrate to carry away particles 148 as they

are di sl od§ed fd:mceuqm teichriquesn TherdascapackilR6 b@lm a‘ﬁtﬁ@koﬂfemﬂtlpig disgpandit us i n
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M crostruct ur @agle\taeRad idssci NGthe! hedd 110 & @y;;ﬁ@allsirfo‘t‘ﬁed hkiny ﬁﬁ&@itﬁjéﬁirélr €
device 144 is a sliding disc drive conponent such as a disc or a substrate

“with an array fericgtienteghniqeeshPisg Hackek §éﬂlYBQIrrP'@E§é ag spowrs by asei 14240 t hat
after assenbly 18&'

|
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m crostr quureanfthbsftonagé smfacéemﬁmrqhedxsspucﬂt 136. | appl ng, sput tering, chem cal
20 vapor deposition |ta y, ,evapqration or t like. crostructure
fabrication pr oces_ >si‘§’8€ Bg’l éﬂ]gllﬁ Agua t%mvaggé igly.qglative to

m crostruct ur gudent ggcklflz% gs'ﬂshd ,fa&&e 18544 sdx@ésydlﬁ%h! B {deati&s foft8

adhered to the expoSed surface 14 he particles 148 adhere strongly to
exposed surf aclatalé® tlwnstoalge sdifades ot oft dsa pankviR6. ‘iﬂyps:ellpathe iactuggori 48 are so
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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



above the exposed surface 142. As is well known, flow velocities in a
boundary | ayer such as the boundary layer 150 are relatively lowin
relation o A¥eAged WO 01/95316 -5 PCT/ USOL/ 17518 surf agerlddi1ifkigpi te of
the fact that there may be considerable flow velocity a short distance away
fromthe boundary |layer 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
illustrated at 152, the mcrostructure device 144 is rapidly 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 subj ect s t herisdal denerséar cangapbidach 05 aammsdtens drtwéenrthe head)il by ahdéhes| i der

bearing 146 toward the expgs syrface 142, Fl ow i,nduged. by the | ative
moti on bet weenSt4r2ge FW&%WO?%F@?W Guts damageAndqged e bglrF'HBYe‘{)E%ni ng 146
forces the boumeamwilﬁ%wfac%s Herdre &%@éﬁbl&hdipﬁﬁhd%zgﬁ‘i\&chOiﬂ.apNﬂeﬁ{bdQeénWen the

the slider bearing 1 and the exposed Surface ilTustrated in FIG

3, the pressuraperatus fonelesnbwnihapliding sirfhde ae deseribedchelawein gmeedtiop at t he
narrow gap 156. TE? é 2 of change of pressure dP/dX 15 increases in a
t ur bul ent Wit% ‘B 350 d the gap as illustrated at 164. In FIG 3, the

horizontal axis X rFM.Qﬁﬂﬂ&t&t&Qﬁ%&ﬂi@ﬂoﬁﬁ @I&Qnih?%p%ﬁﬁ@éqg&swEl@é‘rﬁné—ﬁﬁidunder

the slider beari ng 146. The solid vertical axIs represents pressure and
b

t he dashed ver 14&HpwaxraindRindegposgst sssface J 48 rod s mnierostruntire rdevicg hlat4i andr eased

pressure P at 165 (nea =0 at es force that tends 2aq t {ft the

slider beari ngarpﬁ%é %%%FF%@%@@“QM@G@W@W%IO& p@@%@nggllufcg}:‘i:d .

Slider bearingbd4@ldas gablsact & 4iP\oe dBLAiRtegen,i dr it Sark B8 Ial lﬁ(?fg% |cléaﬂiﬂFrﬂ1ﬁdi- The
resu

boundary | ayer 150 is_forced through the narrow gap at ting in the
desired hi gﬁ: f Cloaningtfhid 140 i, drapyneQiyer dee migrpsirugkire levice dd4t e 1SIAVERI es of f

of the exposed r I i L . f eani ng
fluid at 26 1680 efif st f pRef RIS 1AF R I8y HOeshabed Sl R Bnlie 0 O
to the exposedd&ait beloer. THh2. clddningoapphtatisaa F1482 a asedrd rahoeasthe Rxtrogely

turbul ent wake 166 behind the slider bearing 146 and carried away by the
- slow flow of cBahpagcles Ji§ frpa exposphspriaagshiy) befgrepby mucrosiricturegdqvire

cl eani ng appar iRy alfarlddo GRS hi@bsthiefitd Bevil A nBGNEA ] Hdisc Brivd.at ! C

pressure is
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 surfacle 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



mai nt ai ned on the cleaning fluid to reduce or elimnate any cavitation that
m ght damage the exposed surface 142. The pressurized boundary | ayer at the

trailing ‘%6%3/9gﬁt6 156) generates 5 high pressure gradi ent $erfi®1/4Rg94i t ude
of these gradients can be estimated froman anal ytical solution of Reynolds

equation. For exanple, a plane wedge slider bearing in air with a bearing
nunber of 1 x 104, a bearing length of 1 centineter, Hmax/Hmn = 200 and
Hmin = 1 mcron, generates a force on a ysarticle that is on the order of I
x 1011 D3 Newtons, where Dis the dianeter of 1 o the particle in neters.
The "bearing nunber"” is equal to (6 ~ U L)/(h2 P) where ~. is the viscosity
of the cleaning fluid, Uis the relative velocity between the disc and the
slider beari ngurfacd 342 hespitd ofthedactr thatgthexenmai barvdnsidersble Howrivelioniiyra

di stance between the disc and th | i der bearipg, and P is the anbient

br esour 6. Thi SaPEigarce S Smiie DY IGPILE 4 DIt ghPEeatE 1P ARGEP t han
the forces thahe Idafiely SRNGHEAY BOuMAA 143RFTS0,Clidl privi¥ HigipDéI6cifEASK VT C

cl eani ng equi pnent. Cl’eani ng using a slider bearing has the potential to be

even nore ef f icd¢aning flwidat thegaposed sutdhesalfi2rig reeverthGpartigles 18] ow, feat ures
that are the sane a im, ar_to,features.in FIG are i.dentifi,ed with
t he sanme rgf erence %ﬂm}gfrgt'edfglﬁ,ége nﬂgrgswthgtcggfcg 15%114f’F f@?agr%%vc?firf’ént. of
an apparat us 29n aslaied the siide® doadudd PRR AisetbétAfclic Hévice MP Y Rbwed 380 i S

arranged to clean nmultiple exposed surfaces 142 of mcrostructure devices

144. The arrarig@neme 187 thgpurng the mogostaicirgridevice 144t Ramoynting aimsdSdri ve.
As illustrated_ in F1.GS.:4- i - . i scs .f
i sc drive o tesideroathd 12310 8 Stichy PG RAnd e b BORRBLc 2 1 1

FIG 6 can be tbmhbﬁFbMtMC@I4ﬂi Blosv infitieednbic theSrelatioé uictiolbétveenl44 are
secured on multiple surfaces 187 of a_ fixture 186. Fixture 186 is _a drive

shaft of al%erthe sycastrignre gasicy 144, 38d ﬂleoSI'Sdﬁf r‘?ei“mg dfe @ces the pundaz 16
PCT/ USOL/ 1751 a)j_%él 5%)hcgfptalsss %2&(%%%@6%%83996 !bﬁta#ééﬂ%é ﬁ%yénfaelabé%% 196

- cleaning fl ui t hat novi as indicated arrows to carry
away di sl odgetndah¢ exposed sukfeeedh2.der bearings 146 are coupled to the

resilient nmountings, 154 over, .t exposed surfaceg 142. ,The m crostruycture
devi ces 144 are spuftS Sga@grlvg'ﬁgt 3*3‘58’863.“@ “hﬁf’ Wrtgcgﬁlgemgeﬂ}ilé s 144

move as indi cahedady gaéd V‘é}t_‘tﬁ@nﬁtﬁ@ﬂ%’%ﬁﬁb& A%E R G chhide 6f8pr&§§ﬁre5d}i/&|)%r

beari ngs 146 and cl eanin i ne is relative notion provides flow of
t he cl eani¥g finciegsealioadurbhlentwakeetbtcheyand thy daprae illusirated at hed. dx hiS el

S 20 112 LRSS TR e i 08 DT AR BT IS, e
142 along a |ime studeebadring PR3 PERdsSld dértitdl £ PClepadtend Préss@re 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 cleaning 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



147. Substantially all of areas of surfaces 142 are swept clean by the high
flows at the cleaning lines 147. Turbul ent wakes 166 foll ow the cl eaning
lines 14ZW@mqm§ﬁg carried away by the slow flow of cleani Rgriddshfs188 over
t he apparatus 200. 15 When cleaning is conplete, the slider bearings 146
and the resilient nmountings 154 are noved 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 i4tdi cated by arrow 149. The
resilient nmounts 154 are attached to a hub 182 that pivots on an axle 184.
The novenent is driven by a voice coil 20 notor 180 in a manner simlar to
a disc drive. This novenent allows for convenient installation and renoval
of the m crostthaelaaniveropreds. 1 he qsGof Bauwil|clganingtfluidam BaticeprossyradB0 t hat

i ncl udes a vac K Rl 30 tiple substrates, 304..i ncl.udi ng
_arrays of di scﬁgﬁ@%uqﬁ%%@g.%}%ggﬁlﬁq"ﬁ’prlrég‘kcs? se?lpg?ag% A GIVAR oggbamnééﬂt o the
vacuum chuck pdamb#pe3Bedosebsuafapd 148t 1 on of a vacuum under the substrates

304. The vacuumis provided froma_ central plenumshaft (not illustrated)
vi a vacuum passagewdie PEusizeh donadasyniayer 3btheclpilips adgadald! 36t gsnarstes

appar at us chy. 2RO 531G, $. P /17518
5. Once |o§3e2h ! ﬁt;ggsgﬁfe: pzailrea Us%ﬁaggt%ﬁe%%&gaﬁé%gé%ﬁgmﬂ) efegﬁ@ig%%nd
swept around tfiempdnedral3Ra] sodutinesRéyheldsehhativhe Forhshmplesa pMid. wlleenbl y

300 can al so be, | o%ded intq an_apparatus such as aBpar atus 400 jllustrated
bel ow i n FI G Stdes bearmg in giy Witht 4 heasiwepugehes 0f lewid8ui arbenringsleagth 85pdr at us

400 adapted to : e %%(?‘ilm rf 142..0f m_cr Lcal i 304
secured to thece\%gl%rﬁ ?huc pﬁgt eﬁggagldaléﬁlsuﬁowzln Iflhr? %Qﬁ%h{é$ﬁeﬂ§é§cgﬁ% chuck
plate 302 is npartitledhatris an streadrtier30. x $HHD® NeWtons, whera My isdthe didnesta] afM y
rotated during,a cleanjn rocess, .t o,.nove [,tiple cleanj $ nes. 308 over
t he expos_eH) su’thé’é@k‘:?qW’%ﬁtgr.s' gt {DeaBRE NYR ‘?Idéssg"é‘ﬂl f‘%@d’rh&%«ba@%&@%y 322
that provides yactemidcOsity i tAQEAHRPASIAA0GYMESelZHGe L EotBrbEGITAE 302, A
- movabl e nounting plate 330 is nounted oh a shaft 332. Mjunting plate 330

can be in a clashthegslpssibeanng, ds if tHeuslidentbearing length Wed hroisetlie anmimam
illustrated by.,ljnes, 331 tg permt, conveni.ent | oadi nd unl padi ng_of

" mi cr omechani caihs{%?/ei B%?e%ﬁ’eicﬁscﬁ{’g t_@ﬁﬁlé‘ier[heﬁrt‘%g’?ﬁ .w‘g}§ﬁ‘_°sﬁ5¥len E?S?"ﬁ?:'l udes
an internal paypRFEM@Ys asdtokinielflOlé BRIeEs Of GRENitudE eagbY ihal dheClRaRing fl ui d
to a passageway 336 in the nounting plate 330. Passageway 336 couples the

hi ghl y prebSur ftgegensraiathi wigh faomneereially qypilatde Znegasams ¢lpaning requipmentged

ar rangerent s of (81 aQRASLARer deligk Yhe ehddpbil 80K ViR e MRicelMm 1o

20 cl eani ng f | miegasb4l} dleanfrgner at ed by the pressurized nozzl es 338 di sposed

bet ween the slider bearings 0 apd the exposed surfaces ,142. In FIG 7, no
hi gh speed rel ati ve&ﬁﬁg%q ge ﬂ%‘egéﬂ‘r%éb%@éﬁﬁieﬁé%laﬁﬁéﬁmﬁ fq frgturessi) and

the exposed sURf@CeSeidetified 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



In summary, an apparatus (138, 200, 400) is adapted to clean an exposed zs
surface ( 142) of a mcrostructure device ( 144, 304). The apparatus ( 138,
200, 400) wid\rl s a fixture (186, 302) having a nounting f 87)
adapt ed tgkgggﬁgg the mcrostructure device (144, 304). Algﬁggﬁﬁﬁsﬁ | ui d
(140, 188) covers w0 (11 /9631 G -9 PCT/USUL/17s18 the exposed surface
(142). A slider bearing (146, 340) is disposed over the exposed surface
(142). A resilient nount (154) couples tg.the slider bearing (146, 340). A
cleaning line (147, 308) is present on the exposed surface (142) adjacent
the slider bearing ( 146, 340). The cleaning line ( 147, 3 08) is subject
to 5 flow of the cleaning fluid (140, 188). It is to be understood that
even t hough nuieftoUubhec Bgpatatiel0G id ivmardd dan\webdtr @f slahingafluid usethiltoli nent s
of the inventign have been set forth in the foregoing description, together
~with details oYowkaneyipgas indicated byramras tosaay avay disladgedpadiciébnt s of the

invention, this di spjog e?b!e%riﬂ s!{lﬁ%taﬂ'@gﬁiﬁed}m e r@sﬁﬁeré RoltiiRRIes By Pe

made in detail, especially ers of ‘structure and arrangement of parts
wi t hi n t he prithei gipesedofsuttheespi4ds enThe nuendstrantureo dekieed Ul4H epet smin ibydi cat ed

by the broad general i of ,.the ter i.n ich the appended clains are
expressed. %orseéXP%Pg?@hgﬂﬁa‘PﬁrmP’r% SWB‘Fﬁ\A@WV?/é?. ‘g%@n@f AG%n the
parti cul ar appidx dehaiy géxgEHﬁcﬂhPfd)ﬁferélﬁEPBEarﬂﬁg'ﬁS A digan R IR D4R N ng

substantially the sane nctionality wthout departing fromthe scope and

spirit of the Phieselative metmon provides fHowi of the clehninguiindt dlengtkef elashed
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m crostructure 20 devices, like LCD panels or silicon or gallium arsenide
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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-



conprising: A securing the mcrostructure device on a fixture with the
exposed surface imersed in a cleaning fluid; B. nmounting a slider bearing
on a resi{iEnlosigunti ng over the exposed surface; and C. p@vighiAgsik! ow of
the cleaning fluid along a cleaning Iine on the exposed surface adjacent
the slider bearing. 2. The nethod of claim1, further conprising: D. noving
the mcrostructure device relative to the slider bearing along a notion
line that is generally perpendicular to #ke cleaning line. 3. The nmet hod of
claim 1l wherein the exposed surface is a sliding surface of a
m crostructure device fox use in a disc drive. 4. The nethod of claim3
wherein the mcrostructure device conBrises an arraégof di sc_drive heads on
3
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- perpendicular to the cleaning line. 11. The apparatus of Claim9 wherein
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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



WO O1/9s31G PCT/ USOL/ 17s18 -12 18. The apparatus of Claim9 wherein the
m crostructure device conprises a silicon wafer. 19. The apparatus of Caim

9 wher ei Ny bR Gr oSt ructure device conprises a gallium anpggnige1yager. 20.
An apparatus adapted to clean an exposed surface of a mi crostructure

device, conprising: an arrangenment of a fixture nounting the mcrostructure
device with its exposed surface covered by a cleaning fluid and a slider
bearing; neans for generating flow of th&-cleaning fluid along a cleaning
Line on the exposed surface adjacent the slider bearing. .A .Aa.Asy.A
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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.
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C. providing flow of the cleaning fluid along a cleaning line on the
exposed surface adjacent the slider bearing.
2. The method of claim 1, further comprising:
D. moving the microstructure device relative to the slider bearing along
a 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.
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 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.
7. The method of Claim 1 wherein the flow of the cleaning fluid is generated by
a pressurized nozzle disposed between the slider bearing and the exposed
surface.
8. The method of Claim 1 wherein the cleaning fluid is a liquid subjected to a

static pressure during cleaning sufficient to prevent cavitation.
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109%7&' () - 310%8 . (Theldpphdinds)of GHi-awhiidinYiNECexposed surface is a sliding surface of
a microstructure device for use in a disc drive.
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 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.
15. The apparatus of Claim 9 wherein the flow of the cleaning fluid is generated
by a pressurized nozzle disposed between the slider bearing and the exposed
surface,
16. The apparatus of Claim 9 wherein the cleaning fluid is a liquid subjected to
a static pressure during cleaning sufficient to prevent cavitation.

17. The apparatus of Claim 9 wherein the cleaning fluid is air.
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<=>?@BCDEFCH %%‘EEE&%@%&%&B Liean Ql?g)g]%cs%" birflce 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;
means for generating flow of the cleaning fluid along a cleaning line on

the exposed surface adjacent the slider bearing.




