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i nventiorl relates, generally, to an apparatus for cleaning ﬁ/or kpreces, and,

5 nore particularly, to an apparatus for cleaning workpi eces such as
magneti c recordi ng di SOMETHOD AINDI ARPARATUSF OB CLEANIN®Gd sem conduct or

waf er s. . Background Art anWAEERSiAND IRSAQB| ens The
production of discs. used in the magnetic disc drive industry begins with
t he creation of a substrate wth a hard snooth surface that magnetic

mat eri al wsited onto. 10 A hard smooth surface may be fornmed by
coating a relatively soft material such as an al um num disc with a
hard material sudihe®sesptirentiomislatdsagaeratly.do rnapppeatys§or cleasingtworkpieses,and,

surt ace RO e RS 8 of o R 4l o R5RER A of Mot et e

ont 0 t he optisal r&mdmgd:scamdbeememﬂuefoama&tﬁnpl e, el ectrodeposition and
sputtering are two well known nethods. 15 After polishing, the
wor kpi eces are then typically cleaned prior to the surface deposi tion

of magnetB{ekBRhRd %J.taddflé%g,cgpp;@ﬁg t he workpiece is contam nated with
debris from e polishing process or el sewhere, the adherence of the
magnetic materi aIThecprM@n@urorfai@sss abed imcthe magnetisrdigd duiee mdmtrybbﬂgmsmlt}i dt |
and "Dbli NG TR form
of “the. vorelipaofh sl e PARE brSo Rl M aened ot col Be Btfesfipniay o
i ncape®! eA hdrd smemhrsgrfa& maybefoffiéd Byicoating e rélsitlvély doft Matbtiglahcltdsem aluminum
manuf act uri ng, %él‘l s on the surface of the workpie cause voi ds
t

in i nfor F& Bith athardimateriplsugh as piskelu hsﬂmwam@fzr%ﬁml&é%% Hgmoath Finish, andy
attach t Qnagnetic ﬁﬁ?enﬁpirsft CdeBbsifeADntOhK RhR Giaterfaf S ALY of e QLS S@Oer&lrhqetﬁ f ace

of the worKpi ece. These gc ts can cause electrical shorts or
pr obl ens foui deposxtmgmame@p maltmt ordo the discrsurfscgcarsbeosed;Her smamipjs, eleﬁrodeposmon

Accordin ten i,nportant.to clean the workpieces to renove debris
fromt he%%??%ieﬁlgﬁ&f °2‘§elpgrt?r "af@%@ od. Cont act -scrubbi ng

wi th Bponge-|ike metre;sdnahmg,smnﬁo tdaes] areS@en tyhicaF0Mearde Nrict th! B8 surface t e
surface of t he wor kpi ece. yEf r| or art cleaning device used for

cont act SEPeMANRS meAgnetic matomlk ape ofthe weskpieee is gontaminated S¢ithdebrivfromnt
Nunb t.
unmber tﬁé‘ﬁ%l ‘elﬁ frét?éé?gr él?exvhjegp g ?rteﬂce of the tﬁﬁ?{eﬂﬁ malrté}&l R tht b& E tfafcg %E‘a{l

of whi ch I ncor por at e erence. prior
cl eani ng vdnrlapxcca wigl bEllmpexf@hmt‘bltstdrﬂ”wf Riissing magnEuoguatenal widom om thg s'urface
Figure 1

core 14, ERRSAPHTRSE, b6 HRee S HBE: SHPT AoFgpices. hat e gnitble of fiiing?
16 angb 18nfo§aameshmhmm{ Sifticall diskAndntifac AR HebVET the Sirfacd 4f BB WoBGRdce nydyt h
tself cause voids in information storage. In semiconductor wafer manufacturing, debris méy attach to
the surface of the workpiece, causing defects on the surface of the workpiece. These defects can
cause electrical shorts or other problems within the microelectronic structures on the workpiece.
Accordingly, it is often important to clean the workpieceé to remove debris from the corresponding
25 surfaces. .

Contact scrubbing with sponge-like material is one method used to remove debris from
the surface of the workpiece. A typical prior art cleaning device used for contact scrubbing of
workpieces is described in United States Patent Number 5,311,634, issued May 17, 1994 to
Andros. the entire content. of which is hereby incorporated by reference. A typical prior art

30 cleaning device is also schematically shown in Figure 1. Referring to Figure 1, cleaning device

10 includes sponge-like material 12 and a core 14. Cleaning device 10 has two substantially co-

planar surfaces 16 and 18. Sponge-like material 12 is “grown” over core 14 and seals with itself
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PCT/ US98/ 05576 at an outer edge 20 of core 14. Sponge-like materi al
12:-may be made of a variety of resilient material s, including poly

vi nyl al cahelog/asyds ur et hanes. Core 14 has an aperture 22 at ipcynusosbsset O
allow a rotatable shaft 24 to be inserted therein. Core 14 may al so have .
two keyways 26(a) and 26‘gbé formed within aperture 22 and configured-
to recei vat an pusr edged) efgoss hh| Spangsrlike matenied 12 1oy b mpde of A VREPY ofgesilieningd
26(b) enablsferafl AkRBlg poliptihyl ttoRSihnd hFAMARE E6:¢119%8s dPadetuteiodh gs gentér to
single unit. Core 14 1s often made of a substantially
ri gi d nmat elpwla rottable shagt 24 tb be inseited thprsin. £idreri4 may alsg bgvedwotksy waysd(a)26da)

or 26(b), 14 . becane ,def or Il owi. ' ice 0

e on 1 268 Tormie S S 24 o o bk da ROSRNBBIE 0 24 Ky 30

fl exi ble, andkeyavags 26(Epdnid2G(b) nablterstatadie shaft a4 anditléamirigaidvices 10ab adtabhea shatbt
24, the pressure exerted on the workpiece from surfaces 16 and 18
changes f "Bt the center to the edge of rotatable shaft 24, For exanple, for
a rotatable ; | dH N ' o b i davd ; ;

cunul ative di spl a?g?réefnz‘tlggg &g@ggdn(iwr%q glgé%/r{t%gé g rﬂdt?%ﬂi ﬂg%sh%\gdi??%é%%@ rlilteH(By
subst ant i &kY §0 teekexivar R6faport266b) asars 14 nay becanadileforntedf allowingrelgarting device. 10The

changi ng ;. pre r rted cl.eani ng deyi.ce 10 wor kpi eces, nmay
Jrers unprimon PRgRBIL Fal a5, 1F fodiord bARAL S i€ optth 8l nbiile e SfeSigge)
mul ti plte dbkwiedsi I0GreMacheito totatable sEfFDE theQeskitt akeitet @n slakbdrkgidce flol W iHEdes Of
spacers 32 are_often interposed befween adjacent cleaning devices 10 to

ensure subB8eahi§ ghanges from thegenfer tothe edgsat mefatphiewhatht | forexampleigr yeasatabls
10. Unf or {pu3es : 1 : bR I S,: L. me
consumi ng%and féggtgilﬁ{'én?gﬂ gwg St ace ercggg% glglr SO %aggédﬁ? %aﬁygﬁfﬁgaﬁé}%gﬁé&éo
cont am natl@dh the dirssitiog substantialiyparallsjtaheaxisnfrotetable shafiddionay bd€\4"c #he diangifigch

nonuni f orm spacing, bet ween cl eanjn | enents 1Q.na e .

Unpr e ot R BRREH Y Seat BhTvits 10 a the Hofkpteoes may yield WO ceoping,of Wov e
short ctam R@skpiécek.he prior art, cleaning devices 10 are difficult to
correctly align on.rotatable shaft 24. As shown in Figure 1, keyways Zg%a)
and 26(b) enabl e When mpliply ¢leaning devicesd Orase placedomratdiablp shaft 4.2 aiimber o o ¢
24 in foug,g t o fRY; | bi i e
nount ed Wirsl[) hEHei;SI;ﬁ roorﬁ{@l slétre ggee&)%MF %?\&g%%gngmglteﬁﬁt%?/%gaz%b(e%)&?‘#Quﬁ'&&%:on?act
with key 3nticdlspacingdetwesnall cleanidgddvinesnd®.dUnforthnately,attgchirgyspicersB2do nitateble
with key 30:.w,th. rear surface .18 f.or d w eyway, 26(a)_i.n _contact
Wt Koy 3R g iime sonlining, S RS nRar Ry Gracct S8 aSHANR A0 en bs At
cont ac20 Wicbialh@ated) causigy fidtunifBin® k&YW Yetiiéerd ClRunifg dyvitesald. y Seciohentedforh

an attenpt to obtaln consistent spacing between cl| eani hg devices 10 and

consi st enfP3siRgskatyesnyteaningslienenty, K} max Aause sppredigtable i igdiecesleaningt he

associ ated wor kpi 43 i -Nagl ; WToXaLR aTs ple (C\VAMaTCY are
often nounted ont g&?%itl%dtig( f%%gﬁgﬁgg%@gg#%a?m{ rarct)’nétFé surf acg 12 “of (f)fglcglt

cl eani ng devorceeti§ @lignor sotathlle skxft 24 UAS sloevrlia Rigurerlokdypyays Re(ahand26dedenable 10.

Furt her, ' . d 0 e typgi cal.l.y, J t h t hat ' t
ol ban ny aisenmedtrioe 108 B mounied cnts Byl SR 24 100 Bt iysl 36 oA RS
PCT/ US§8/ Qfe'iﬁﬁF device 16(cdhldeBEIm3ntEd with €LRbRGurfide! 16 ForwardCOnitl keya§ XY (Hani ng

device 10 is placed on rotatable shaft 24 incorrectly, several cleaning
devi ces 1GopRgithikey 801 with Bortshraced Stfpryrard with kesyyay 26(b) fn coptiact with key 30 withct

the align ' ' o . ) | St i
tovi ces 100 suficrd s RANRROWENS Ry BBt in conact wich key 30, or fh Rt S8kl APRBIDELG
sponge- | i kethieyeny a6(b)ik contactovieh Hey. 30Cahe rhdltiple keywaycsybtem istgrgiealiyf empibyed/inny |

chloride. Core 14 is, . ) . ) ) )
an attempt to obtain consistent spacing between cleaning devices 10 and consistent pressure

30 exerted between cleaning devices 10 and the associated workpieces. For consistent spacing,
" cleaning devices 10 are often mounted onto rotatable shaft 24 such that front surface 16 of one
cleaning device 10 faces the rear surface 18 of another cleaning device 10. Further, cleaning

devices 10 are typically mounted such that adjacent cleaning devices 10 have alternate keyways
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stanp cut, cleaned, and aligned within the nold. Typically, core 14 is

suspended in a nold by al i gnnent spacers while sponge resin is poured
into tthe gnl surround core 14. The nold cont ai ni ng

resinis ﬁ@%ﬂmé%?ken to reduce the anount of gas entrapped 1n't eggﬁﬁﬁge _
resin. The sponge resin is then baked until it solidifies into a :

sponge- | i Eé(ammtcbzé(a} in codteet wiyh keyr 3. 1§ oﬂé)claarﬂngl@\&:eslrﬂdﬂgbcedmmmmﬂmmm

core. The.s terial i.s the this
process, 851% giy ii:0y erﬁgqF%g‘?vt“‘eeﬁtlraW{ﬁﬁgb? ecté’abevﬁg’ﬁv?%go%f’atﬁb? éﬁé%‘n
|nadvertea{,ngﬂtsﬁgaapggﬂﬁa{omeaﬁﬁrgeie&&emth| n the nmold may result in uneven
and unpredictable of sionge Ilke materjal 12 on core 14.

nore sponge-|ike MRxistpg glpaqng Qﬁ’Y“@ﬁ 0 psed far clegning workpiecgs arg gftgn made lwreawmg

pr essur Q,;,{g,g D
resul t ﬁg%cgndgﬁ?%ree Cr%ag egﬂl F\:gféo t h’e‘hgé}?kpl ecgba?l cﬂSﬁ&?%ﬁjﬁ lrllsg
def ect s esampdus dehned andvahgmd witkinghomekt Typidalipccors pbisguspendss inmtmolddly 12
not seal i ng over outer q 0 of .core 14 1}10 tmaw air b;& bles in
Sponge. | | RAeREw:sParers S Sorras fesin Guepreb it e pold T RmEPRY Port i Tgmdid

i nner coR@irlihPtheQbokd 18sid f5 théPSHRQMET relitR thé ARGUND Of gﬁhﬂkﬁp}ﬂd n@ﬂﬂ sponge
trimmng steps_are time _consun ng and | abor intensive, these steps may

unnecessaf¢sify Thespergegesimis tlmrhakm itsglidiBen intora spongsriike g’aﬁfé‘@-‘p ideallypfprming
Summar y, ofy e éﬂ&\lxg@%ﬂr%ﬁngn the core. The éb‘fiﬁc?fngfeﬂgll lytheh ihmed@ advant age

of the prese AVERtTon {HAL an I npro & eani n enent is provided
t hat over cones t h&Jsingthispricessscaré 14 hay be iradvertently dxsplaced when the mold i5 shaken;

anot her adv e of the ent | ny ntlont at the cleaning elenent, i

oos 55 oy Eenits R b i Hp mel may rebulf i BRVEH afd SpBidictabls
advant age gr&vﬁm&p&nge 1iRE BRERRAI rzrarﬁd&é ) Bt Shgdliké RaRHAGSs 6h 6ARPlndife | S
easy to nount onto a rotatable shaf Anot her advantage is

that the ofears il wicawa rnresslyelveﬂsbesmbe@tbpbreentthﬁ yrekaiere) arcbeleaning devies 10g
instal {ati f
the pr esgle n?yﬁltgr&e'ht %Brea C?ab?ﬁ?&%"?@ft ; g’%fk éecgl Sher tmanUfaﬁ%qwgéfe&g éxg%% Pt qDdloe
to core mweath thiypiduess idchude gspmwlﬁlmhamn;ﬂglz not sealing over outer edge Ridefabrevid, tod

%hg g / 23\7/ ggatn?'ga?rsbu%{ﬂeg gespgrrxgeél rcl.tmal.tgr\l/a? r1] ind 0ot enot gﬁo%(gje-i)ﬂé maferial 12 aft%emmnet

PCT/ US98/ Q& of core 140 MdtedVeE Y dhingthe MBAling, @hd ﬁir&amg @3¢ Kk e6:amikkAdnd
i ncl udes sponge-1ike material i nterposed bet ween two rl‘%l d pl ates.

Such a cl daheringensiventbase steps my@nmcgssmlvhmeaégths manpiseuERg cast eielganing devices
elenen£§ H%at utilize a sponge-like material surrounding an inner core of
rigid natertal. Thus, a cl eaning elenment in accordance wth the
present invention is |l ess susceptible to defornmation where 5 the key of
the shaft contacts_ the cleaning elenent, and it is |less susceptible to

flexure c agy,of the rce appli ed by the workpi ece.
In accordance wit hc\&oidﬂiéﬂ)%{ lsaﬁl%%mgée b@ie PERER HhveniNE thal ammgrbedsae&ergs
separating adj acent~ cl eaning el enents are integral to the cleaning

el enents. €Rment is previdedithat exentomss theolitnisadons of thetpiier at-eani ng el enents and
spacers onto the r tat ce
. 65'[ a’b‘%%’i‘r?g %‘tgeecift the Vegsﬁgt mJIQntton that the cllgamz\}\% L:ﬂ:n%ﬁ??sr fag

with a further as only
25 susceptible to deformation during use.

A further advantage is that the present invention proxrides a cleaning element that is
easy to mount onto a rotatable shaft.
Another advantage is that the cleaning element is less susceptible to misalignment
during installation on the rotatable shaft.
30 Another advantage of the present invention is that the eleaning element is not
susceptible to core misalignment during manufacturing.

The above and other advantages of the present invention are carried out in one form

a
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enpl oyed by the cleaning elenment. Thus, the cleaning elenment is |ess

suscepti ble to m salignnent during inmstallation. I n
accordance with still a further aspect of the present invention, the -
cl eani ng sv@psaEs3 are | ess prone to manufacturing def epCHUsSesiassse t he

manuf acturi ng process does not rely on 15 centering a core within a nol d,
a center ore eed not be _present durln the, fabprication,.of t
cl oani g SVeheleane et T are P T 1o ROk AP AR A ifegposed

present i rvmv&mczmhaga plates. iSu6h @@fafing R1dnenlis todetigid) thadlissrhé Flauxtax@ BleBting
sponge-li ke material _across a surface_of the cleaning enment and t he

sponge- | i Iéemaisthagytilize a gpopge-like material syrrounding sn dpner F@e efﬁl@d materal. 5 hust 2
Descripti e n
W hor e e g e RARREL O o precent inventon s fosy REARANE RAERm B hLl
figuress whekeiof the Mefimontactitis d@anmg@lémm, aaddtie hess suseepdible to flexure caused by
Figure 1 |t§ n ex L{\%g dmpers ective view of- a prior-art cleaning device;
Figure 2 i TELRFP §y %%‘ of a cleaning apparatus used to cl ean

wor kpi eces; 25 In accordance withiaQufter dspeet of the &Jﬁd@ﬁﬁtﬂl\*&ﬁtlﬁﬂ e sphcetd Stpardtin
cl eani ng assenbl y and wor kpi eces; gure 4 is an explo%ed

per spect i \Rdiagen egning elements prs antegrakiethe ﬁ‘lﬁm}i%@?fﬂ%%emstthe time required oy loaént
i nventi on; a rotatable shaft
with cl earﬁleil(éleae n%relﬁrtngmgtan%@ﬁ&%%ﬁo%érata%b?égﬁﬁ\gl%wﬁF igure 6 is a plan
vi ew of0 a cl eani ndneakeordarnce adthoa firthgr aspectnofahe graserit én@htiemivalyi ormkewaaytxkle

Eniod mentibipored B the clening b, Yope e BtadfeRn 151 St e Bt

t echni quesduh%u{gwﬂaﬁg] and using
4 98/ 43753

PCT/ US98/ 05576  In agooedapgserwjthetil adnther aspsetof therpr@FrémewgDWP Riseringelemuyts | e

a cl eani ng, -Tolo! [ V. sed

to clean a Tear gg%lgrtpet y g%cméedggéggs%ecﬁuse tﬁ@{n% e%ﬁ%c%%iﬁ B B8 reRﬁOH

enbodi hentcsnwrisg aseoeriwithingi molded atrgertcord hmdcioe bej pncgpntb Hurirgnthe fabdiicatioar of the

waf er s, ma netlc di scs tﬁ dl?j‘ﬁt lcal discs. It wl Rg under.st ood,
SCRYA

however , 18 demERRn g g plamentyin acordangs; W PresARF IBYENEIoR has,

wor kpi ec eSncreﬁe& Ghiforndify if W diﬁhbuﬁblﬂiﬁsp@x%eclﬁ& Bfterddl YerasORORISd of tHE Bldatifg
connection wth a vari ety of possible workpiece confi ﬁ'&%r ations.

Wth ref ety Fiiegﬁppegezhkedngem@mneﬁmsfse%lab@ﬁ edgpswbeSP®ees i ncl udes

using a cl eani ng apparatus 200 that suitably includes a cl eaning
assenbly 210. Cleanlng assenbly 210 is typically configured to clean a
plural2Qy ; g Figamsi conduct or wafers, 10 nagnetic

ol udes ' °C3 15@%5?r§%£vﬁét?q%v§b@ AR AR AR R ik Y
attached td@amtzqigaﬁlsewﬁéaaﬁhké’-aﬁ}neralsden&hmeenaﬁxea@sanabl y 210 may include any

nunber of cleanln el ements 230 configured to clean surfaces of
wor kpi eces 240. ClFéguredqs en exnlerded pepediive visa efadprios-aptsleaniag Bgviest at abl e
shaft 220.

Figure 2 is a cut-away side view of a cleaning apparatus used to clean workpieces;
25 ' Figure 3 is a perspective view showing a cleaning assembly and workpieces; -
Figure 4 is an exploded perspective view of a cleaning element in accordance with
the present invention;
Figure 5 is a side view of a rotatable shaft with cleaning elements attached; and
Figure 6 is a plan view of a cleaning element accc;rding to an alternate

30 embodiment of the present invention.

Detailed Description of Preferred Exemplary Embodiments

The present invention relates to improved techniques for making and using
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Rot at abl e shaft 220 is typically driven by a belt 260 which in turnis

driven by a notor 280. 15 Wth reference to Figures 2 and 3,
cl eani ng weesaPisy 210, suitably including a -plurality pdr/esdeaissmsti al |y
paral l el cleaning elenments 230, cleans workpieces 240 as respective .

cleaning el enents 230 contact and nove relative to the surfaces of
wor kpi eceeleaning elpmenth gseful in clearing workpieges o Whileratclsaningslemang ih dcpordanpgveth3,

cl eani ng [Nt [ ' w B

or kpi et P tavebitoh B9 sk isddho Min URBE Yy of supSOOUR ibbeBld By
free to reahbddiments diveusded karéineelaeito e disaning afseicongymtaravdfars, mapnkic diess 240
are interposed, . bet n t cl egni ng el enent,s 230, . all gw,ng bot h, sides
of wor kpi %E@?tlfﬁ‘dhﬁcﬁ'_ g‘é"’vﬁﬁ’gé‘l‘? ‘EFSt°°S’%°é‘f » thah, (s Jeyeptionyis nof B%PHF‘ﬂE? SR RY
210 robkat gy pdoei ke v%rkﬁféekﬂﬁtheﬂ@ﬁ%f&?ﬁw&ﬂfbnt&ﬂ@eE@va!ﬁ&geo%sllcy wed yen in the

opposite di'rection by cleaning el ements 230. For exanpl e, cl eani ng
assenbl y connectipnovigloa variety ofpassibleoverkpliececanfiguwatipes, t hen wor kpi eces 240

rotate in a countgfacl - W 25 I rect.d an. . . . 1 cl eani ng
occurs as cl eani ngfl Tkt %geﬁf g\qfﬁgﬁ{'ﬁ%g’@ gfeél?ofavog C%Smg%?%ﬁ%% fne‘:lguge%%“gaﬁd
debri s oncledringappheatss 200 tha Sk Rluddda Bleaing asstbly(10. 'Olleaﬂin@%%mb!}r 210
cleaning elenent 23Q and is removed fromthe surface of workpiece 240.

To ni ni mi $évRieallyicoRnged o glenn asplpralibeel Wirkpisreelces» saicondugtor walke ng

of t en jpak i ] : kLlHing a kO3 ter.
G cani'ng S gste reBkBRE R, b pRaPEERARg s, Olclbing Siskibh?2| kel Eifhdi

cl eani ng @ratateble shafB2R0with sayvetep cleanisg 2létents 280 altanbpd togrotatable shafi220.ng

| t 0. in the liquid. The |i.quid id bri cat dur i
The o ° ignine Aeremplc2Debdlinelui oty mimfer of Plsbind GRS Ral APMEE B R Blee 30
and wor kpsiefaees’dfQvorkpieces 240. Cleaning elehi¥at 2308 Eausel/ @tbiat by rotati®iCshb R 090,

herein in_the context of an exemplary cleaning. . Lo
5 Rotatapjg shaft 23¢ is3ypically driven by a belt 260 which in turn is driven by a motor 280.

PCT/ U398/ 05576 : ' 2 ks o
pur po? gs only. | twsnf%lgh{ééﬁgéeti% ‘r"é%?g%@dﬂ ;é F)egtﬁmg ageg{bg'uirgés%ﬁa%@bgaﬁgg gme‘ant
to |limt plmlitypof substatintiyperallckaeanixigesieménta 23D, pleatewetkpisess 240ak kaxpéotive

f | eani,ng .el t . ) ' | t i -
e or apl Sioshie SaRs 63 hentics prbmans elatiysgo s SR T HOIPIRERSALD: J 49 anar
surfaces &hary emblditfent MBstEAERRN FiguR 3 FRBhiRg aSRHMY 210 1btagdd (L the direétfon

substantially perpendicular to the [ongitudinal axis of rotatable shaft
220. O eashowp & arawnB. Workpiegs 244 aresplacadianra mjseber of wilgrs@5P such theptheyoarat abl e

shaft 4,420 {hro . I I, : 23! erture
420 ma%;.i iﬁ%?ttﬁ)grgage ‘&‘2@%‘2&3& Hé’ga}oor rre}ggrf?%fércgilﬁ%gurafgg’c%%k 1§§4rs236 {a;c? laépp‘méradgcei ve
a key 440bdrorertvodieantigpdiahénes 230 htloRing;botnsidesqd evorkpieces R4t tegledhedhrent 230
rotates 1Q with rotatable shaft 0 . . .. Wth reference to

Fi gures 4SFpfancouslyedysic 9mg|a§ssm%a_§ag2bq OHlsR g opagiresiopppmieess 24 {ETALS: wo
pl at es 45@radtin #0oipostteddiRBANIBy blekindBleREen8 38,7 Por ZaMpRSifREnAR dsstRBlyTRY
be made of any rigid or sem-rigid material. In a preferred enbodi nent
of the i n¥throtases inglclackswise directing, theriwadpissee240yotateiina oRntenFlogk-Wiss- nol ded
pl ast ig, oy Lhal iy i ti.cal . or ease
of mar%f ag?%;rt lllgﬁgda ﬁgq%géé@gén@%&lx%#&tg % ds? C(:gaénsl{[(lzl i%%%ﬁ?%%%%&é‘? f’%ktfg refers
to a subst»aﬂ?iiale Dﬁo aﬁds&!éb'riermr theeguefacabf hfa:vkpig:epn%bmtneptmgml&dﬁﬁ £ portion olt‘
appropriate for the particuylar applicatiop. For e e, material 470
may be porgiawaslremap%ﬁépg ISAaeff’é’P’ﬁ%ffP\’?éﬁ?ﬁ“fﬁ’&FQ rarkpippe 290,

To minimize scratching of the surfaces of workpieces 240, the cleaning often takes

place in the presence of a liquid such as deionized water. Cleaning eleingllt 230 may be kept
30 moist by spraying the liquid over cleaning elements 230 and workpieces 240 or by keeping

cleaning elements 230 immersed in the liquid. The liquid provides lubrication during the

cleaning process and aids in the cleaning of cleaning element 230 and workpiece 240.

The present invention is described herein in the context of an exemplary cleaning
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may include any suitable conposition known to those skilled in the art.

In a preferred enbodi nent of the present imvention, plates 450 and 460 are
20. mechanically coupl ed together with sponge-like nmaterial 470 |ocated
bet ween phvgs sa34a0 and 460. Sponge-like material 470 rexyr/bs9ssisspsed or
sized in any suitable manner. In a preferred enbodi ment of the -

I nvention, portions of sponge-like material 470, protrusions 480, -
prot r ude @llqmugziioaamﬂrmgerw@r-ﬁ atsdor ilingmative puimpses |°ﬁ1}’|= 3&'{%’@’&4 breippreginted &0 and
460. Protgusion C e 240
by trappi b"ud'g%i Tare i mean?tﬁql Ethteggi)&?sssg ecl?iu\f\:/argi/Jl ror%ﬂ‘? 1gessuréelé Q{éalglg le

wor kpi ecef&-‘kﬁhamngelementZJO Protrusions 480 are preferably nol ded as an

i ntegral part of ge-like materi a| ref.erred epbodi nent
of the invention, ngaﬂ’cnrg&&‘?ﬂéﬁ% 25 p eréhlﬁ'fa&Eé‘ Sﬁfbméﬁ‘%’lg 0'such that,
P g; ruglo E‘%pé’iﬁﬂm grhnmufrﬁr;é 40 And UEdof mekrea,heg Ele R Mowh S BiZube ABYe bE

rotatabl e shaft in the Same direction usrngasrngle
keyway 43&:bsmnalﬂmerpmdmm ta)ﬂietldrrcgmpdmbms tS'GOtatahlPéh@ﬁ 820. Clsaningelempmtans

t hat prot ons 4 Q_on e 400 '
b ot o1 ofd0 HEUF et apRaRe A G AR o BB RR p20 M Bt eoklth i nier of leaning
and 410 esR#{eas230. Aperﬁlmoaﬂiy ﬁlbﬂuﬁe & kepiai430tfompredherein ahét:mfgnredab kpi eces

240 and cl eani ng el enents 23 rotrusi gns 480 we % of fset on
surfaces 90IvaRcey f40 formed qn “kté‘?b}ﬁﬁh%%%? cpRseRusRly ydepning clement 230 rotates

6

PCT/ U898/ wéglfgéQQb%%éﬁrrég?nt ain subst antially consi st ent pressure between

wor kpi eces 240 an®ith efarencg teFizuweest 421888, exemplary ctllmmﬁelmﬂgsaﬁomumblusr ons

480 enabl es,use of sjnal 430 ecause en I srn

coyey 430N pides sbdnd abTHBTY pongs-ulF PRl 700 PaurLasing B0 Bl < 200
when, asse'ﬂ’ﬁidb Y any rigid ok E@mcﬂigi@ﬂiaf&ilaﬁsﬁnehfﬁihﬁérrad-&nbocﬁment of the mventmn pRaéserring
to Fi gure 4, plates 450 and 460 of cleaning el enent 230 nay

mechani catf§ a@bﬁﬁé@? Sermed figmyinjactiey-mofdegplatic, iagd gxay&eﬁe?%a’émm%m of
th 4
e | MeeNLL Qlsther to or ect 5T %Sﬂﬂﬁﬁ ﬂpthélébxtrt@;& c?f tﬁl@ﬁésUﬂﬁucgrO"%bBPEJ L8 refers

respect Ive energy rectors 5 ow pl ates 450
and 460 t ¢o deubstantially msillient rhaieial iherdng phmahpmptrtaps dppropiriatefonihe particular

fr e o dedPPREBOROFSTAATBE. FHEPATO Rty S p Er 4 R AGE B R0 e

inVentiOnma'i'1ﬂblﬁ§€£ny%1t£&65¢rﬂﬁbsﬁﬁfnknownt&&b§eﬂﬁmédxﬁlﬂmlm can be used to
join plates 450 and 46Q of cl eanle@g el enment 230. ihl S ternative

enbodi ment, the | & rpreferesdrembadimend of the pmseér%r!ﬁ?féa gisds0 grdfeliargso ang
460, rr?éeh%ﬂ%g%hﬁlﬂg ﬁ)gllel e itf sﬁtﬁ@e—tlﬁe Atial PEFLERE between plates 450 and

d eani ng el enent SO0 sultably errp oy a spacer 510 connected to at
| east 15 460e Spb@edrké&ﬁhtma“%ﬁxay Bp sltaped oSSlﬁedanen}' spitableamannen Ihelppefemesur e

t hat substanti,al | Lmlar,. pressur a

el enent 2358 81“9611% é@Ff‘ﬁ’fﬁmﬁ’f’ P%%@HS&@W @ée‘g ﬁ%@‘i §a&0trﬁ;lg%w§§'sur e, in
turn, hel rpsotar&uﬁxeugm@hmﬁs&*afswri@ésmgofmm&smﬁk@ple&e42@1&1d/\460l Pétrusions
simlarl y cleaned. In a preferred enbodi ment of the inventi pacers

510 are i #88gidin tbemp«rhan@sl desgingraf workpiecerid0 by SrappiRg Appris ang yapiag thedsbhing
pl at 652515.?.%“82(}0%?9143 fm;lgsﬁe&e Ypi ng the same injection 20 nolding
u

pr ocess. may advant ageo I'm hate the need to |ater manually
attach s pac er S Prothisthns Spmalerpsei‘sthalynaglded ssanlintegual moﬁmpwgeahker materggli al

KN 430! Do Sl S Sancon G 2D o hEAFL B0 L B 250
from protrusions 480 on surface 410 such that the cleaning elements may be attached to the
rotatable shaft in the same direction using a single keyway 430. For the purpose of the present

30 invention, “offset” means that protrusions 480 on surface 400 are substantially between
protrusions 480 of surface 410. Offsetting the protrusions on surfaces 400 and 410 ensures
substantially consistent pressure between workpieces 240 and cleaning elements 230. If

protrusions 480 were not offset on surfaces 400 and 410, a dual keyway would be required to

6



el ements 230 wi thout integral spacers 510 because nore rigid material is
avail able to receive the force from key. 440 of the rotatable shaft
220" 25 ° - I n anot her enbodi nent of the present j '

pl at es 459 B3 %80 have a nunber of conduits 520 for rrei) %%%@%76&1(1
are configured to allow solution to flow fromthe inner di anet er of

cl eani ng nedipmbndub@ntidlly dohsistont! pRéssokiedaBiezh wvkrksiba2a D0 gndedl QAR clembhts B30,

al | owi g, gﬁ(s)l ution.to fgéow from tlf"le Jinner di ametgr to the outer

di amet er UESAGHREPrasisions#8d prpbles use of a singlekaywa® il Proquseihere is orly asingle on
at the i napwagis0ithére ¥ leds! Bt Tor BilsaliBithert 3Pcledtlify Q8RS 290 Wﬁ%l %gérl'@ﬁn%g
build up may ensure nore uniform cleaning across workpi ece 240. Preferably,
condui t s tepeleaning assemblyad10t 0 pl ate 450 and 460 and are adj acent to

sponger | i ke materd gl A7 . | at s .450 and .460 pr.ovi de
exoskél et on suppolirq,erflggg%ggﬁﬁee‘-"lpll%gs?‘?aotaé\di“gﬁoi?%?nmgeemﬁ'l“az’r’ §“£’5‘6’ and 460
gay prov imkehﬂﬁi&agglsmdf?)?%téd infaariptyl cifways.t [itd Hraferied eHUdiGRAt SREGHYENtIIACY

T/ Usos PRSES7E30 and 4303wirahl insluse mgmirerofiresnestive snetax directerscf Rgeray erent
230 i'S MARctbhOAd AW DILBEAR 4 460 | | Sk | ik logrent
230 is Iessc_susceptigﬁa to deforr?gtt{)gﬁmggwg;’lgg%%gxmgﬁmSihglg%@gf?mc
appl i ed fwebdingein ap@ferredrentbadiaiEng ofthe frivef@éh, energy dimevitorg 580 aamdlda3dtcand

l%me)z)ng‘et-l P kaéé"s’%%ﬁgﬁgﬁ%oi Oa‘aélgér%ﬁt%ggi"??g‘iﬁg{seﬂg%qh?%ggglq?‘n% nupber L lockingfar nt o a
nol d, tat3{akd Shewa) catl Bendtd 18Goin'Rat8PASD 4rd 460]oE SRenif@SleReM36S In iR baki ng
t he spon%e resin to forma .ol ded piece of sponge-like material 470.
Sponge- | PRermarYesmagdimeny, th locking <er tahs may bs incormsyated into plates 458 ank46on.
Sponge- | i | ' f frommany materials such as

ur et haneghgﬁ{j@tgft§§%?(ﬁ%ﬂ@¥%E‘%pst.gé%qﬁé;a preferred enbodi nent of the

i nvention, spongé-leanieg deément2f@ magylalséitatsly Employc shacens fbtoanedted/to alleashol .
21T vl 2 SBEPITEIP et SERe D Grcihpcreln nste SRANATROUENY Brdees
450 and $eddsirEiigapplied By €achicieahingleidnichit RYG 1@ BRERE oPEcH WworliER10, Slifilar
sponge i s not "grown over a core, as in the prior art, the problens

wi t h var PERSPURsIDIRM; helpsenswsithas cachuslareof eaeh weotkpiece 240 willibs simdlady t he core
and the L& 1 | ' €zl ' f co

U faco §Eandl 8 hOchod ERBRRRCAY of diFinDBRINAT ok 16 S TTME el th BRLGEH apg
under st 0460+ Fat exahpld, spasgo$ ifandedates 450i and 468 nofy befefredrdaring tenspmaijjection
enbodjyrent s..0f the invention,and that the invention is not limted to the
epeci 30 c Ml e phokism HAF g forBfeataiily Firima i Mo o RammatbBeoweSy be
made in she. § emmﬁaﬁmmhne&wﬁhtaumggml key®hy 836 "RThiS eAbSSGHRALSE the
herein, as well as the steps of making and using the invention w thout

depar t i ndPveREaR-ciraningsirnest 230is less suseeptiie tesdefrpration and slippegedharpeieaning

clai ms.  elements 230 without integral spacers 510 because more rigid material is available to receive
the force from key.440 of the rotatable shaft 220. _
25 In another embodiment of the present invention, plates 450 and 460 have a number

of conduits 520 formed therein and are configured to allow solution to flow from the inner
diameter of cleaning element 230 to the outer diameter of cleaning element 230. By allowing
soli.ltion to flow from the inner diameter to the outer diameter, conduits 520 may aid in
preventing build-up of the solution at the inner diamter of cleaning eleﬁent 230. Prevention of
30  solution build up may ensure more uniform cleaning across workpiece 240. Preferably,
conduits 520 are integral to plate 450 and 460 and are adjacent to sponge-like material 470.
Plates 450 and 460 provide exoskeleton support for sponge-like material 470.

Plates 450 and 460 may provide more support than priof—art cleaning devices because they
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8 CLAI Ms: 1. An apparatus for inproved

cl eanl ng of workpi eces conprising a totatable shaft wth at |east one
cl eani-ng el enent nmounted thereto, said at | east one cl eaning el ement

havi ng a wendsei7ssperture through which.said shaft passes anBCFUBIASFT6
conprising: 5 a first substantially rigid plate having at -

| east one second aperture forped ,th(irei n; gmd . . a
subst ant | &FP¥ide Bwrs rigidmatenal Bergusrgeaning clement Al & moresigid thap the priopart o
second cleanfitg dedfces %ﬂﬂn#ﬂ@ 'eﬁ%eﬁﬂi‘ﬁﬁ@ Mss 5@cspibik ldefotmarich d\lipgagatwieaast

one protrusion protr udi ng hrough sai d at | east one second aperture.
10 force is appligd frpmekey A48 roatretgtabte shafh 229 to qleaningesleragit 239 and petween east
one conduit forne first plate and extending from an

i nner di antt P‘eﬁeﬂ% %‘rﬁ[%?amsngir%o&bﬁ%?goto an outer di anet er portion of
said plste, said apdngédike marriglotvdus kuxtablyrfgrmcﬂﬁy gjamawlsnomgatelsmmw@l meldon
to flow fromsaid i nner di arreter %(grtl on H) sal ?I di ametser Jsof)rt on.

3. shaking op fbmting th melddp felaase ges RubhlesAng Palipg FIe FPPIEY T551P EL 10 e

cl eani ng 'J,ﬁoldF&TPv&,@é bPé oﬁ@mé Reridl 479, Sbé%e-lﬁde%’aﬁ&ﬁal 470 is then cleaned to remové-

An appar at us | mpr dved cleaning of worKpi eces. comprising
a first sulostaarinatidn ﬁmn@-hkqjhamalt‘ldo imy betfomeagfrorp W&E@Fﬁf@}sé“fﬂbﬁred

haavi ng & {1 enss P ol i eeotalf i Bl Brbba bRl of G En iR Rk | <

sai d plat ematel&r40ms eorled frohi oty GihypdledhiolisTinshape ef spongeelikeomatfial 476 aiay be
first and second surfaces, and said, prqtrusi s fornggz)qc;n sai fir t i
surface ar® asyfcgufiguration thataliaws apertion of sRRNEST °§§¥e8 g ates

surface, ajgh Al 4603FiguPh®-8 breSHidrallOL LTI Bhly). Because the sponge is not “grown”
over a core, as in the prior art, the problems with variations of the amount of material across a
surface of the core and the variation in thickness of the sponge-like material from core surface

15 to core surface are eliminated.

It will be understood that the foregoing de’scri;ition is of preferred exemplary
embodiments of the invention and that 'the invention is not limited to the specific forms shown
or described herein. Various fnodiﬁcgtions may be made in the dgsign, arrangement, and type
of elements disclosed herein, as well as the steps of making and using the invention without

20 departing from the scope of the invention as expressed in the appended claims.



protrudes through said at |east ane aperture. An
apparatus for inproved cleaning of vvorkpl eces conpri sing:

her ein; YD1V 11014 PR Uﬂ!llﬂlﬂllﬂlllUﬂfﬁﬂllt?ec?ESH‘:5%’.%?‘4‘?9?2‘?

having a first surface and a second” durfact and bei ng adjacent to
sai d pl at epadyshavi ng at | east one protrusion protruding t hr ough
said at |east one aperture; and a second substantially

rigid plate adjacdnat to S%HGPR?F%fOﬁg‘“P&V@? rlganing, gf WSU‘iPFPQes comprising; | east
one aperture, saig ﬁ\ls? sl %ﬁgﬁéxh?l%tpﬂ%h atalEa&%ﬁé% Pfife Rkl '&ﬁegéiﬂ* and

protrudi ng 30 throug one perture orned I'n sard second

pl at e. a substantxallsv resilient cleaihxg nmmai ehhmg affirstl sarfaccandesecomd sai d
first bstanti al | | at e econd tantiaglly rigid
p: ats e c-% 3 ng | l{eezg T@eﬁ‘dgi’ aterangd | havmg at easst one protrsu%g% promlzda th Ig%l

The appar %?ﬁsat(?éasﬂ)ﬁé el‘-':mygﬂerel n at |east one of said first and second
substantially rigid plfates conprise nechani cal connectors adapted to

mechani cal |y fastéh sai d The apparhtusof chuird Iswlmeveid asphrstityofi mbtln)smnsgzrdfthmdes

t th Th t d
rechani ¢alonCBIhEE BRLsseaRb FIises.end Bap YRR P I it et St o it o™
9. proRusictRForthets o kaig ko Sudhi@r ei n sai d nechani cal connectors are

nmol ded as an integral part of at |east one of said first and second
substalially rigiXd pl at éEhe apparatus of claim 1 furtherjgpmprising at fegst g}sl@an@nm of
claim5 f he I oIt S ta

Lo o L BREBP e SRS Al Ao e o oo ¥ ¢,
appar at us figw.cl ai m 10 wherein sai d spacer conprises a keyway

configured to receive a key associated with a rotatable shaft,

e

12. A et hod-f or meldiedgPaAtg ehalaim { yherwsinsaidvrbsiantially sesilient glepninget hod
conprisin f provi ding a
r ot at abl egrsxibﬁl;%%@%m% poly vinyl alcohol. providing a

substab¥ial ly resid.i ent é]‘l'éauppangmsmfetahmll ﬂuahérr@mprising aset:MdSSubstantiadﬂge a

second surface, a c¢center aperture.trave, S|n sald f|r
surfaces, Tl{plate agja%f:pt 9% s@ﬁ@nﬁl{* ﬁaggs ab‘%@“(?f‘e sai d

first and apefeRd “ﬂiéfcfiﬁfzﬁé cleamn% material has at least one protrusxon protrudmg thfotch sgial ng
sai d substanti al | y resilient cleaning material such t hat sai

rot at abl e %MtOWQWmaymwsbw%Pb& aperture; 20 _
providing a first subst a“léh' 3 'Xra&' g%dlaf)mg el LPnRE sdoSBREa1 Meid plate and

second aperture fornmed there PR

positi phi rsgxdssabﬁadaémkﬁnmlyatgemplataoﬁmrﬁe &ymxbmmoldﬂdl plastiesi | i ent
cleaning material such that said at |east qne trusio gl rud S through
said at | east one 7 S'Q@@ﬁaara%,ofal,agns eremat eastone of's d% tan secong

met hod of Ghahifalig ﬁ%{%ﬁ% 3819?%& BednicRG oh &b hdab R Hﬁcﬁ&%’iﬁlly fasten sai(d' rst

plate frominjectron
met hod of ﬁrlsmndlsworfdﬂubﬂamaﬂymmdplangtdgeﬁlest ep of form ng sai d

8. The apparatus of claim 7 wherein said mechanical connectors comprise
25 ultrasonic energy directors.
9. - The apparatus of claim 7 wherein said mechanical connectors are
molded as an integral part of at least one of said first and second substantially rigid plates.
10. The apparatus of claim 5 further comprising a spacer attached to a least
one of said first and second substantially rigid plates.
30 1. The apparatus of claim 10 wherein said spacer comprises a keyway
configured to receive a key associated with a rotatable shaft.

12. A method for making an apparatus to clean workpieces, said method

comprising the steps of:
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15. The nethod of claim12 f jﬂm lﬂ!ﬂcl "I the steps of: 30
providing a second plate forned of |d mat eri al ; v

posi ti oni.wg ssaBTs3second pl at e adj acent said subst antially PCTIUS98/(B£!EI i ent
cleaning material opposite said first plate; and

substantially resilient cleaning rraterlal fromﬁ"m vi nyl al cohol .

mechani cally joining said first and second plate 16. -
The method of claim 15 MRYi¢BE adisshpiatefonged ﬂ%a §{bé‘§n¥ﬂ‘llyjrtﬁl4ﬂnﬁ§“§b| d first
and second plates by ul ?@ﬁ&lﬂ b § s¥Rhd! ﬂ\ge formed of substantially ngld rilthenal The
met hod of claim 15 furt rising the step of forning a spacer on

at | east one of said fi rfsmmag]el swwndlmamw cleaning matenal havmgaﬁrst didde and
The nmet hod of claim 1
AP ¥ s Soo SRR & Rl Wi oBls chlall toRd pltes:

mechani cal fastedér o

19. . 5 The nethod of pldchigrsaiisubstartiaty restifdnt tlednigs mikerisltepveeh sdigfidtng a
keyway in said sp é saj d keyway being configured to receive a key froma-
rotatable shaft. 6e°°“dplates’ arid 20. The method of claim 15

further conprising the %e@g gv%nmnnﬂaﬂtﬁrkI%?ﬁrsecondglatégne third aperture .

within said second plate an Pt of ing said secon l'ate such that at

| east one |dpot r us mhn mﬂhcxianf(tlam d3tfantiter abmprimgihle isteptof joliming said) first
material otrﬁg}s? h sai d‘%éx | east one third aperture.

21. FReCORAPIRLT by, IRgsanic Welding,  her comprising the step of forning

sai d 16 first 1and secmedxdﬂ{oata%lairhquumeeebmmﬁ@ihdeﬁplarﬁﬁﬁairfgaspacer

22. The nmethod of claim 15 further conprising the step of formng

sai d °“at£el§¥}§(“5|‘?tf§%{1if'§7stﬁ%$qcP%P ap-eani ng material from poly vinyl

al cohol . tf(l;;lt]‘f'e? n| ng at

| east one of a magnetlc }Igg%?}?donlalm 12 gbﬂglﬂpﬁ%g&pf?g@éﬂ a}ag di sc and

a seni c omekebanical zstener osati lclastbmﬁsa@ f&lsteamdrsecondmnasa ng 20 cl eani ng
recerial support s by 2 sy Ral et s R b RS o ELA
pl ural3 t ¥n &did 6RcES dai keymetﬁigsconﬁgured iGFRLIVE S k¥ frbth A ro@talleanif t Ur €s.
17. The method of claim 12 further comprising the step of forming a
plurality of protrusions on said substantiaily resilient cleaning material.
18. The method of clalm 12 further comprising the step of forming said first
and second plates from mjectlon-molded plastlc .
20 19. The method of claim 12 further comprising the step of forming said
substantially resilient cleaning material from poly viny!l alcohol.
20. A cleaning element comprising cleaning material supported by a
substantially rigid exoskeleton having a plurality of apertures formed therein, said cleaning

material having a plurality of raised protrusions received within said apertures.
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