WD 01/ 95316 PCT/ US01/17518 METHOD AND APPARATUS FOR CLEANI NG DI SC DRI VE
COVPONENTS FIELD OF THE I NVENTION 5 The present invention relates to disc
drive datwost/ei3age devices. In particular the present i npenMsSam76sl ates to
cl eaning discs and wafers used in making disc drives. BACKGROUND CF THE

I NVENTION I n disc 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 exanple, di scsMEVEOD ANDWAPRAIATBUSHORetic material at a
sliding disc surface an€CLEANING RESGBRIVENGOMRAONENES magneti ¢ and

i nsul ati ng conponents fornmed at a sliding head surface. Wen particles

adhere to the sliding surfaces, 15 the particles can be broken | oose by the
sliding action and damage del iwmw structures on one or
both slidiyng surfa &a{hb; r v eqgl,i vel y
renovi ng Isgrger p§§§l cﬁ% glglirﬁgﬁgkg%?ﬁsr%n?%ﬁe ﬂ 3:951%%% ﬁe‘é@(g)%l ghand
megasoni ¢ cl epartiogath theeprebeme invesidn relaves vier gledningn dishs heddgaferanused éak up
particles into smaller, particles 20 which al so adhere to the sliding ‘
surface. U tr‘ﬁ’ﬁ‘E‘ﬁ‘géhst‘}rdrﬁ’Ebasom c cleaning would have to use unacceptabl e
anobunts of power in order B @EEEROTADTOVAR INVTESEINE 9r adi ents to renove
smal | particles. As areal densities of disc drives fncrease, the critical
di nensi on bet vveen slidi hlgdisgrmbfneswmgd: slevieesy ras el s dtlear tedmdl@m@ﬂgachl ng 5

nanomnet ers icatio th angd appar 25 .are. needed t hat
can cl ean extffl %fiascﬁﬁllcias %?% gﬂ?ﬁe@ﬁarﬁ“ﬁ?es that oo %gurfaces
Wi t hout danBgini@oimBehaRical &B&ﬁh@@h@@} n@atrrtu@tsw&%s iR larAE®i@k tOdamagar the

sliding surfaces during the cleaning process. SUMWARY O: THE | NVENTI ON
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
micromecflanical 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



Di sclosed is a nmethod and an apparatus adapted to cl ean an exposed 30
surface of a mcrostructure device such as a disc or head for a disc drive.
The WO 0WQ@BB81B14CT/ USO1/ 17518 -2 apparatus includes a fPgruse/mstsh a
nounting surface adapted to receive the mcrostructure device. A cleaning
fluid covers the exposed surface. A slider bearing coupled to a resilient
mount flies over the exposed surface. A cleaning line on the exposed
surface adjacent the slider bearing is % subject to a flow of the cl eani ng
fluid. The flow can be generated by relative notion between the

m crostructure devi ce and the slider bearing or generat ed by a nozzle.

Addi t | feat b h f ul
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drive storage device. FIG lusttates fluid fl'ow of a cleaning fluid
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vacuum chuck plate securing nmultiple substrates that “each include an array

of di sc dri venetgabetwegn theGnicrostiucinse dettiessans] the glidat beatiegipmesmeratdd kin

appar at us adaQ;l %éo clean multiple exposed surfaces. DETAI LED DESCRI PTI ON
In the enbodi nents ‘descri bed bel ow, a cl eaning apparatus cleans extrenely
smal | particles fraddgiopalsednses bad ®sndfits Willl BbindCaphatent G¥tC @Scagefah

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  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



25 as disc drive sliders and discs. The mcrostructure devices are secured
to nmounting surfaces in the apparatus and a cleaning fluid covers the
exposed waopf/eses A slider bearing on a resilient nount iBCTOUS@OKSE over

t he exposed WD 01/95316 PCT/US01/17518 -3 surfaces. Cleaning lines are
formed on the exposed surfaces adjacent the slider bearings. The cl eaning
| ines are then subjected to flow of the cleaning fluid. The flow can be
generated by relative notion between the&-m crostructure 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 nent of a disc. drive storage

devi ce 100 i ssuriapess Gleaning lmq§| age fornpegeon the expesed susfages idinceydbg sh9® havi ng
storage surf Hhal that
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di sc. The hedde plider; lgeaflg}s.%aaewaﬁegrmn Anl?%maw BYEL et e1e§B?§egati on

t echni que t
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for data 15 smovhé storage surfaces 106 on the disc pack 126. Read/wite

head assenbly 112 js tuated,tq nove.r I relative ta .the disc pack
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read/ wite head assenbly 112 is prOV| ded by a voice coil notor 118. Voice
coi | 20 not ortypitally deyersiof Iaagmu@rmmil&ltthait angi depositesinusing enit@stragidrean ar m

114 that _actpuat.es. the.read/ e 10
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di sc drive 10(eadd/ WiiRMehehdstibly mtlﬁcludes@neacpwﬁteqfangdwemrstfeaair1i_uveor
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



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 aovoensideh bet ween the sliding surfaces, then therepCTAS@m7stscr eased
risk that one of the sliding surfaces may be damaged during operation. In
nmodem di sc drives WO 01/95316 PCT/US01/17518 -4 a critical dinmension can
approach 5 nanoneters between the head 110 and the storage surface 106.
Particles can cause damage and need to b# renoved from the sliding
surfaces before assenbly of the disc drive 100. Methods and apparatus-for
cleaning the sliding surfaces are described below in connection 5 with
FIGS. 2-7. FIG ustrates a n of a anlng apparatus 138. A

cl eani ng fl ui &CF%&BI ‘ilhfn(ﬁ’%%‘o%tc% r%&’e%p‘@é‘g’ale?ﬁr efween e ada”ﬁiaé’édg?ruct ure
devi ce 144 andiorac0tibtcd16d.] ﬂ%lCﬁ@%ﬁﬁ @&sé‘&i@mqgé @ nBeFtoSHN A VAR GEAH | ON.
Cleaning fluid 140 can be a clean gas such alr or dry nitrogen, or it
can be a |iquitke @ll@aglSmgfawwbclforel(assﬁ‘:tré)amoﬁghéIdJscd dti4e I(K) drMethodsyend t he

m crostructure _device 144 a tivel slo 0o, carry awa
particles 148 Bgar?tﬂésora?;lgm&?%a%%glé ng, SUrfdasp 2F 38“?{?? ﬁir:ﬂﬂ]é)w dl‘éf%’?riecé‘érl‘ ow. The
cl eani ng appargisGe12E. G 2 is used to renove the extrenely small

particles 148 from exposed surface 142 before the mcrostructure device
144 (or a portion d"HGt%elluﬁr@ﬁe@gmpUmnmf@ deaningegppasatinkital A etbanimgdluid s c

d M d h
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surface 142 i srAndswlilecsatii@t 46 ahdigs a a&&ﬁﬂ%byer@ﬁo@ @1%1 fli@ 140ichh sl i de
over anot her surface duri n& operation of the disc drive. The exposed
28

surface 142 i $erasleandgassuchias agsrrdiy mitregenapr iteanitone ligeidnslepnéng Suidh as
| appi ng, %&“t tciédnﬂ%gﬁlr'agmfo;@'dr $38°%he FERRR hLBR de%}%éet ?4%’{ P(g%@g@@}' on or

the |ike. crost rication processes or ng and
storage of thalaw mte)&tcramytauv@ pietwlaseMBéh% theyadtre Idm@eﬁhae efplainedeh ynoseral |
particles 148 dgtcgu e ow ' %hé Ql%ar?lﬁg (;gps)peacrjatlsléJ 1rnf l::jl ICGe 211Asf%med 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 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



The particles 148 adhere strongly to exposed surface 142 and are difficult
to renove. These particles 148 are so snmall that they remain enbedded in a
25 boundav@ oi/espe¢ 150 of the cleaning fluid 140, even whebhCTAeewl7588 f 1 ui d
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 WO 01/95316 PCT/US01/ 17518 -5 surface 142 in spite of
the fact that there may be considerabl e-$1 ow 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

leaning fluid at the . f 42 t th ti 148. 5 As
11 ust rat ed afis, VBB BEAbEE ek b iy Bessoriderily 8Py VRa or  spun
relative to tBershistte BRay ifien WboM&?n@?érrmt UR 8P feRaddHh distuftfCur ed

S

on a fixture 187 that spihs the mcrosfructure device 144. A nounting arm
154 subj ect sthetrelagivelyestatipmery boypndaey laperal 30e sind penvidd bigbevelocyy dipw b€ sl i der

beari ng 146 dqh osed surfac 42. Fl oy i nduced the relative

noti on bet me%@%{lgﬁlglcﬁgﬁﬁgg’fﬂoﬁ%‘fﬂ}r cai#&oerewxegﬁ?@% °$14%er bearing 146
forces thesboundar ws illasteited 501 120 RS FréSMuCHSN deviDR 1 4OW ﬁ?ialyléﬁv&%aﬂeen the
the slider bearing 146 and the exposed surface 142. As illustrated in FIG

3, the pressufRnpelative fethe stidpy braring Jd6. Mirorastruates devirerlddseseayradaa v at

the narrow ga P, . Of n ressur P{dX 15 incr es in a
t ur bul ent wakg f eble%tn}{&?ts lélggﬂéegggg&’?tlnl?{ﬁ%lfgr at od g‘%ﬂéﬁm g agn gg,az}st he
hori zont al axisbjetts dprtidenbsuripgslidbiton resitiag fohe wXREIRE slsdé; gl s under
the slider beari n(g 146. The sqlid vertical axis P represents pressure and

the dashed vEPYArEahe gsposedymprtpre ddp, &donirndused by dherdtivginaetion betwesmer eased
pressure B at ikOnid B8Rt Qbvige 184 IhShe ofi 8 Ralila"145%BHRs #WPpbhdalyf | the

slider bearing 146 a snma I stance away from the“expos surrace “142.
Sli der bearinkydrtb50 & pdsk ehrboghe \nerrbecgapsks6i tietivserr theithd elidel beamingni4sd. The
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 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



boundary | ayer 150 is forced through the narrow gap at 156 resulting in the
desired high flowrates in the cleaning fluid which scrub the particles off
of the ex@posedieurface 142 along a cleaning line 147. TheCctAse/0f18c| eani ng
fluid at 25 156 di sturbs the boundary | ayer 150 and cones extrenely cl ose
to the exposed surface 142. The particles 148 are entrained in the
turbul ent wake 166 behind the slider bearing 146 and carried away by the
slow fl ow of cleaning fluid over WO 01/ 98316 PCT/ US01/17518 -6 the

cl eani ng apparatus. In the case of liquid cleaning fluids, a static
pressure is maintained on the cleaning fluid to reduce or elimnate any

cavitation th xposed sur.face ressuri.zed
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analytlcal sol ution _of Reynol ds equation. For exanple, a plane we

slider beari nglamﬁg%ﬂhe oxpeIed suibecgr]; Ag number of 1 x 104, a bearing Iength of

part i cl e that i o o tresia btilal ¥ iR ORISRl EE" "
di anmeter of 1Gighhpresare |g¢:id$enm Mht ahsgnithie of hhése Hradivbiyheihbd smﬁﬁhu&l to (6

p UL)/(h2 P) where is the viscgosity of the cleaning fluid, Uis the
rel ative vel ocﬁ%a%é?mwltsﬁ]@u@i‘ §ERCW%W}13§P¢ dEPT eamplpga Dleng svedae sl i der

bearing | engt @héé}dodéthg ih 'aﬁ rﬂé%nggh&haaﬁﬁf Pwea Yelfin egha@ﬂﬁaﬁ f he

slider bearing, i ent pressure s 0oTCer i 6 approxi mately
two orders of cnwtgneteudénh}e[l{gﬁn = Dl atdh élrhiar € dsmiidrah, démesntes gdoree ahesl Wit h

Sl der bear ! ng il PRISTEBROR of b D oo ATV, SRErecdn b haREeEasoni o
features in ErGa0e AREN TR 2%’3’?#‘*?%?’?3%%&492? ISR 5 1
FIGS. 4-5 il wss thetdscosity pbthe sleboidi i, Lbis thewedgsjyarvatossty DoBvean dpt disc t o
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



cl ean exposed surfaces 142. Apparatus 200 is arranged to clean nmultiple
exposed surfaces 142 of mcrostructure devices 144. The arrangenent of

appar at uwQ@o0093i3s6 simlar to that of a disc drive. As ill uBCT/ased7sts FlI GS.
4-5, mcrostructure 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 mcrostructure device 144 are secured on
mul tiple surfaces 187 of a fixture 186. -7Fixture 186 is a drive shaft of a
servonotor 188 that is used to spin the drive WO 01/95316 PCT/ US01/ 17518
-7 shaft. The apparatus 200 is inmmersed in a bath of cleaning fluid 188

that is slowy noving as indicated by arro to carry away. di sl odged
particles. Th&hafi-i dbs apparpius Ollaemameésegd@parm%athtfef ¢lpaning fujd L3 thabisht i ngs

154 over t hesﬁ%@}iglgwgir%%fiﬁdi@aﬁedlﬁﬁ mg&gtﬂmw%g&%ggﬁﬁﬁﬁs 144 are spun

by 5 servonotor he m crostructure e as indicated by
arrow 152, gener al The phdgeérdiingd b6 tre dohpled|to der resitiani mgentink§ 1aAdvet eani ng

line 147. Thi,s relative poti prqyi des flow of the cl ing fluid al ong
the dashed CF}@aﬁ?‘P&?e‘}li Wég‘g???qg%' t ee%‘if@%‘ﬂl@ﬁf’fé@’é‘?li‘g{]éﬂ? SPWRtDY he )
sl'ider beasi nggvdMbtor 188 .t M MiloQShdtthet el gYh %?o?re%“in?iﬂbt@d b&fb?ro%{ Fa”' ng

| ines 147 nove over the 10 exposed surfaces 142 along a line generally
per pendi cul ar 12 gemerallly gmnpendichlando thel giider Sebsngnt4bnd/ clebhingflinarldds of

surfaces 142 e s t clean by 'the high.flo at the c]eaning,|]jnes 147.
Tur bul ent waked®1 B’SI Wﬁp?@x%‘pgsarﬁﬁﬁ‘g Ofith%\gﬁ?ﬂ?’g ilHHi ﬁlroé‘gcé?ﬁ‘ilaébe‘gway by
the slow fl OWcIéfiniﬁ% §iaB1129 onl e dxgk8d QuEacek 92 ABRRERIUHS slidel Dearkips\MagN

cleaning is conplete, the slider bearings 146 and the resilient” mountings

154 are novedAsribennziprosirestanei ¢ryiqse didti som, (the clepning tlings 447 imovE| ager 4he  over
B R
attached to a4nuBubstahtiahabll pif uRhs oDsuriRed ki 2ard 8depildlean®yv@BBiph figvgri ven
by a voi ce COIa‘! 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 resiliént
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-



20 notor 180 in a manner simlar to a disc drive. This novenent allows for
convenient installation and renoval of the m crostructure devices 144. FIG
6 illustvader9sme assenbly 300 that includes a vacuum chuckRCpuatiel75302 and
mul ti ple substrates 304 including arrays of disc drive heads. The nmnultiple
substrates 304 are secured to the vacuum chuck plate 302 by 25 application
of a vacuum under the substrates 304. The vacuumis provided from a
central plenumshaft (not illustrated) #a vacuum passageways 306. The
assenbly 300 can be | oaded into an apparatus such as apparatus 200 of FIGS.
4 WD 01/95316 PCT/US01/ 17518 -8 5. Once | oaded into an apparatus 200, a

il tiple subs?r atiss e T8 A8 ER 500 0% el e OB i€ P 624 BB  ar at us
such as appar atousd tHQiate 1302 %6 tlatretheRallOple istbsithfes 364. 5 FIG 7 illustrates a

second enbodi nent of an apparatus 400 adapted to clean exposed surfaces
142 of m cr omechanissamilz\300eeanzdep bedended) inte anhappatatiesushehcasRIDAAGR e 302

as shown in F : hyck plate 302 is nmounted on a shaft 320.
Shaft 320 is g@%ﬁg@%‘%%@?@ﬁ% z rotated during a cleaning process to

move nul tiple cl eaRi@Gg7 illustrates ASscovtl ehbeli@xmosesh sppataces0dadamel toShaf t
320 includes an internal p ssa&eway 322 that provides vacuumto the vacuum
passageways 36620 gxpeseduinriages k4307 . misrorsrhnmical pdayiges i dprespeedstip thy s

mounted on a shafkh, ' a j ' jtion as
illustrated or% can glg%%@a%an% gig%leiflﬁgt%r gt ggpgvﬁ&‘f‘%"zégb‘ggﬁfa 03%?% t
conveni ent | cadhied conal shaft 320 rhatif3201 is mamegddaioi l?mklodey/t@etsd\i}ghgizgmht Pe
chuck plate 302. .15 Shaft 332 includes an ipter )assageway. t ha
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mounting gh at @4@3%aﬁ§ﬁ§eﬁu@é/ar§i%§em£%ﬂhge%valy@%zhheaﬁkgfviaésex%ﬂﬁm%@%&' eani ng

fluid to four nozzles 338 that are arranged beneat our slider bearings
340. For cl ar vVagpumpprssagewsyo3 06 inevafoum 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



arrangenments of slider bearings 340 are illustrated in FIG 7. Flow of the
20 cleaning fluid 140 is generated by the pressurized nozzles 338 di sposed
bet ween waoevsisider beari ngs 340 and the exposed surfacesPauBSOVITSEI G 7,
no high speed relative notion is needed between the slider bearings 340
and the exposed surfaces 142. In sunmary, an apparatus (138, 200, 400) is
adapted to clean an exposed 25 surface (142) of a mcrostructure device
(144, 304). The apparatus (138, 200, 40 i ncludes a fixture (186, 302)
having a nounting surface (187) adapted to secure the microstructure
device (144, 304). A cleaning fluid (140, 188) covers WD 01/95316

f
s i sposed ot ineet sFFREINRE A B8 bl (sc bl PSRy 3_40)

coupl es to thexmisédetirfieal4ny A(rééiﬁent&ﬁamm A54) eadlegtd kieeslides be I's
present on the ex osed surface (142 adj acent the_slider bearin 4% 46

340). The cl e&ngdi(i Aecleaning haea(}”f s30§Mﬁ present on the expagedfsurfaee Cl4dini ng
fluid (140, 1§<§Loen{ {he P?%%gg’ti’fé %%9?%%*2:?& i elﬂlet({i g:{bi{?he ] ec%t

characteristics and various e ven i on
have been setﬂbwmﬁﬂm¢kﬂmmgﬂﬁﬂ«egmnm§)descrlptlon together-with details of
the structure and function of various enbodi nents of the invention, this

disclosure is ill ultideibe upderstood hat eveanhapghs nhmgrase chastaristieronsd | |
especi ally I na i@t géssof)(’aﬁchfs'-é?ﬁwdﬁn@zﬂg of g{er 1?0%{3?1%21\79%69&% ofth g e U he

principles of the present 1nvention extent 1 ndicate y the
broad general fmmmglgemmlba tcgeﬂterlwntlvmdetaﬂs tdfethe aqmplemﬂecindlfancmrﬁbé

expressed. For exa Ie i cul ar. epe ng, on the
particul ar apPfi®4t ?Wg tﬁﬁ (‘:‘?V(E}QP?IE: @%W%és ﬂM }rgtniasoq%{ ﬁ‘gdo\i ni ng
substanti g | YCEdﬂge§§H§y fBé“%dd%ni’A 'de‘falw Eﬁ@&hll?eﬁa%dﬂ%& forosnidige SgpPe and
spirit of the present ‘i nvention. addi tion, although the preferred

enbodi nent des&earigsm@nhef pamts wathiti t}@cprm:tlplgs of theopresant tinventide to dbs fillbr a

di sc extent indicated by the broad general meaning 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.



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

m cr ost r we0 01/25320 devi ces, |ike LCD panels or silicon or pariusum7arsseni de
sem conductor integrated circuit wafers, w thout departing fromthe scope
and spirit of the present invention. WO 01/95316 PCT/US01/17518 -10- VWHAT
IS CLAIMED IS: 1. A nethod of cleaning an exposed surface of a

m crostructure device, conprising: A s¥curing the microstructure device
on a fixture with the exposed surface imersed in a cleaning fluid; B.
mounting a slider bearing on a resilient nounting over the exposed

surface; and (. i g _of the cleaning fluid along a cleaning |ine
on the exposggHggﬁﬁéggggg eent the slider bearing. 2. The nethod of claim

1, further cONDPAIMEASd ofkleiiNg AetitBedhiffa0S bf AFHUL/NMRNE A6viEE! ative to the
slider bearing along a notion line that is generally perpendicular to the
cl eani ng | i necomBrisifipge net hod of claim 1 wherein the exposed surface is a

sliding surface of @ mcraostructure devjce for e in disc drive. 4. The
met hod of claim 3 fhé?%Fﬁgﬁﬁ%HWF%P@%?Pﬁbeﬁwsoaééﬁige8eﬁ§PF§@%“ array ~of
disc drive heads on a suybghdedhfnerfed iMReldmiddhi@f C aim 3 wherein the
resilient nounting is novable froma first position over the exposed

surface to a second- pusintinga shdenpepringen feesilisnpmenrting avernths exposethe net hod
of daim1l wherein the f 9 he cleaning fluid is generated by relative
notion between the slider bearing and the exposed surface.

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.



7. The nethod of Claim1l wherein the flow of the cleaning fluid is
generated by a pressurized nozzle di sposed between the slider bearing and
t he exposedoil/siné ace. 8. The nmethod of Claim 1l wherein thecoisani7ag fl uid
is aliquid subjected to a static pressure during cleaning sufficient to
prevent cavitation. WO 01/95316 PCT/US01/17518 -11 9. An apparatus adapted
to clean an exposed surface of a mcrostructure device, conprising:. a
fixture having a nmounting surface adapt@d-to secure the microstructureé
device; a cleaning fluid covering the exposed surface; a slider bearing

di sposed over the exposed surface; a resilient nount coupled to the slider

beari ng; and eani n he ex rfa e adj cent t he.slider
bearing, the 80‘&‘%&31?4? FP‘%l?é’telﬁietPﬁ aBGBJ 88 8fmlF NS | ui d.
10. The appar giMsriGhg:cl ai m 9 wherein the cleanlng line nnves over the
exposed surface along a line generally perpendicular to the cleaning |line.
11. The appar at us effixGiraihayifg amensiing siréace agaseditosseciizzdhe ingcrastaiciute ng

surface of a microstrugture device for use in a disc drive. 12. The
apparatus of C aim9 whéFBff the nicrostructure device conprises an array

of disc drive headgcRanmgIHRsEdRatiRe thedbxpdid sabRed;at us of Caim 9 wherein
the resilient nountin |s novabl e %roma first p05|t|on over the exposed

surface to a secondsh |hea@mg@ﬂwe¢@mth¢1exme%bw@@e,surface 14. The

apparatus of C aim9 wae clea g fluid is generated
by relative noti onalSS\t{(?\‘?el Ouﬁ{m%‘P ?ﬂbe%lld eaﬁlﬁlé e exposed surface. 15.

The apparatus of ChaidahihigWhelbaitie édposdd wifaod adﬁ@n@ﬂ%&ﬁdé@eﬁhﬂg,dhé S
generat ed cleaning line being subject to flow of the cleaning fluid.
10. The apparatus of claim 9 wherein the cleaning line moves over the exposed
surface along a line generally perpendicular to the cleaning line.
11. The apparatus of Claim 9 wherein the exposed surface is a siiding 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.



by a pressurized nozzl e di sposed between the slider bearing and the exposed
surface. 16. The apparatus of Claim9 wherein the cleaning fluid is a
liquid spertsdeto a static pressure during cleani ng suP€T/UR@rt75180
prevent cavitation. 17. The apparatus of Claim9 wherein the cleaning fluid
is air. WO 01/95316 PCT/US01/17518 -12 18. The apparatus of Claim?9
wherein the mcrostructure device conprises a silicon wafer. 19. The
apparatus of Claim9 wherein the ni crostfucture device conprises a gallium
arseni de wafer. 20. An apparatus adapted to cl ean an exposed surface of a

m crostructure device, conprising: an arrangenent of a fixture nounting
the mcrostru e device with its, expgsed. surface covered by a cleaning
fluid and a sﬁ‘d © ?P@&F%%f?g"\,%élﬁ@é%é”hre{)eﬂgg‘gﬁﬁﬁ‘%s?ﬂg"“ﬁ %\X/’C&c Ofnlﬁ’gg%sl %ani ng
fluid al ong agiGépaRamRy |ine on the exposed surface adjacent the slider
beari ng.

19. The apparatus of Claim 9 wherein the microstructure device comprises a
gallium arsenide wafer. '
20. An apparatus adapted to clean 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;
means for generating flow of the cleaning fluid along a cleaning line on

the exposed surface adjacent the slider bearing.



