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[ 0001] Many processes for sem conductor and di sk manufacturing require
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processing may eventually cause defects in the workpi ece. Wen the

wor kpi eces are disks to be processed, such particul ates or contam nates nay

be hydrophobic or I Cy; Hisl €. 9., thin oxide
surface | ayers; su%ﬂ%@ﬁﬁt?@ﬂam@ Eiﬁangp‘ﬁdul es, and ridges
that may be induced by a prior polishing operation; materials adhered to
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cleaning a workpiece is provided. The brush '
difficult to remove before the processing. Cleaning, then, is a process intended to remove
substantially all of such particulates or contaminates from workpieces before processing, such
as processing of magnetic media or semiconductor workpieces. A clean workpiece is thus a
workpiece from which substantially all of such particulates or contaminates have been
removed before processing.
[0002] Therefore, there is a need for improving techniques for cleaning workpieces,
such as those workpieces that present problems and require removal of substantially all of
such particulates or contaminates from the workpieces before processing. Moreover, these
improved techniques must allow cleaning of a workpiece to be done quickly so as to reduce

the cost of capital equipment for the cleaning.

[0003] It is within this context that embodiments of the invention arise.

SUMMARY OF THE INVENTION

[0004] Broadly speaking, embodiments of the present invention fill these needs by
providing methods of and apparatus configured to efficiently clean workpieces, especially
substrates for the disk drive manufacturing process.

[0005] In one embodiment, a brush for cleaning a workpiece is provided. The brush

includes a rigid core having first and second portions affixed to each other. The rigid core has



includes a rigid core having first and second portions affixed to each
other. The rigid core has WO 2011/ 093960PCT/ US2010/ 061314 2 an aperture
defi ned avound/msvsaxi s of rotation of the rigid core. APChuaisdoiohersne!l is
defi ned between opposing surfaces of 2he first and second portions. The
fluid channel extends radially froma surface defining the aperture. First
and second nenbranes are affixed to outer surfaces of the first and second
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openln%s. Jhe i nner tube is surrounded by a brush material. In one
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by a fluid introduced fromthe fluid plenum In either enbodi ment, a gap
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di agr amydphibrbhd # A dpBekdair SR RN HneF tubk 8RN iHRTlexible membrane expands and contracts
according to the pressure provided by a fluid introduced from the fluid plenum. In either
embodiment, a gap between the brushes is adjusted by the expansion and contraction
capabilities.
[0007] Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention, together with further advantages thereof, may best be
understood by reference to the following description taken in conjunction with the
accompanying drawings.

[0009] Figure 1 is a simplified schematic diagram illustrating a system for cleaning
workpieces in accordance with one embodiment of the invention.

[0010] Figure 2A is an exemplary illustration of a support structure in accordance

with one embodiment of the present invention.



wor kpi eces in accordance with one enbodi nent of the invention. [0010]Fi gure
2A is an exenplary illustration of a support structure in accordance with
one enbodwvoentl/Bsbhe present invention. WO 2011/ 093960PUNSUBA041061314 3
[0011]Figure 2B is a sinplified schemdtic diagramillustrating a cl eaning
apparatus with a plurality of variable brushes/pads in accordance with one
enbodi nent of the invention. [0012]Figure 3Ais a sinplified schematic

di agr amoo11]ust r atHifige aBvas sialpligiep ketmsntie difoush ipadatine aceaiidangarais h one
enbodi ment of the invention. [0013]Figure 3B is a sinplified schematic
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brush\pad in accordance with one embodiment of the invention.

[0013] Figure 3B is a simplified schematic diagram illustrating a variable pressure
brush having an outer layer removed in accordance with one embodiment of the invention.
[0014] Figure 3C is a simplified schematic diagram illustrating removal of a brush
portion and an underlying flexible membrane in order to illustrate a rigid core of the brush in
accordance with one embodiment of the invention.

[0015] Figure 4 is a simplified schematic diagram illustrating a cross sectional view of
the rigid core in accordance with one embodiment of the invention.

[0016] Figure 5A is a simplified schematic diagram illustrating an alternative rigid
core for the variable pressure brush\pad in accordance with one embodiment of the invention.
[0017] Figure 5B is a simplified schematic diagram illustrating a cross-sectional view
of the rigid core of Figure SA.

[0018] Figure 6A is a simplified schematic diagram illustrating a cleaning system for a
single disc in accordance with one embodiment of the invention.

[0019] Figure 6B is a simplified schematic diagram illustrating a side view of the
cleaning system for a single disc of Figure 6A.

[0020] Figure 7A is a simplified schematic diagram illustrating an alternative
embodiment for a variable pressure brush\pad cleaning system.

[0021] Figure 7B is a cross-sectional illustration of the variable pressure brush\pad
cleaning system of Figure 7A.

[0022] Figure § is a simplified schematic diagram illustrating a cylindrical core with
the brushes being removed in accordance with one embodiment of the invention.

[0023] Figure 9A is a simplified schematic diagram illustrating and expandable brush
in accordance with one embodiment of the invention.

[0024] Figure 9B is a simplified schematic diagram illustrating a cross-sectional view

of the brush of Figure 9A.



portion and an underlying flexible menbrane in order to illustrate arigid
core of the brush in accordance with one enbodi nent of the invention.

[ 0015] Fi gwoeot/i9396a si nplified schematic di agram il | ust PaTIUSY1@/061306S
sectional view of the rigid core in a¢cordance with one enbodi ment of the

I nvention. [0016] Figure 5A is a sinplified schematic diagramillustrating
an alternative rigid core for the variable pressure brush\pad in accordance
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schematic diagramillustrating a cross-sectional view of the rigid core of

Fi gur e [6025][ 0018]Theguibedienitssdecishadbel dw athts ehanmipactdi fagelaming hustrati ng a
cleaning systemfor a single disc in accordance wth one enbodi nent of the
i nvent iYHkPiEeso 19 ps gPedigBNt. $heAPPRIRHISINAYERE Weh Enelednemagnsdie dinks thatistereat i ng a

si de vi I ' t - ' ' I -
0oy ALl BRI SLETLO R B o) o B
al t er nalidkv eineideany semitofducton citadit @dlic, Paemsulr dspliy ohbedsubseaninity ey St em
[0021] Figure 7B is a cross-sectional illustration of the variable(fressure
br ush\ Fgg@pngeé EC q{@an@ggslqyetﬁf: émbpqhg@pgs deacribed herein. The term workpiece as use

herein may refer to any substrate being processed. In addition, the terms disk and disc are
used interchangeably, and may also reference any such substrate or workpiece.

[0026] The embodiments provide a brush/pad for cleaning a workpiece. The
brush/pad includes a flexible membrane that can expand and retract to modify the amount of
pressure exerted by the brush/pad surface against the workpiece surface. In addition, different
size workpieces may be cleaned contemporaneously through the embodiments described
below. The terms brush and pad are used interchangeably and the embodiments are not meant
to be limited to either a brush or a pad. In addition, the embodiments may be employed with
semiconductor processes for cleaning semiconductor substrates, which include magnetic
discs.

[0027] Figure 1 is a simplified schematic diagram illustrating a system for cleaning
workpieces in accordance with one embodiment of the invention. System 80 includes support
structure 100 for supporting a plurality of disks 106. Support structure 100 is capable of
vertically translating along posts 82a and 82b. Support structure 100 is driven by air cylinder
92 disposed thereunder. Support structure 100 may support discs 106. In one embodiment,
support structure 100 is configured to remove and return discs 106 from nest 90. As will be
explained in more detail below the variable pressure pads 130 provide for the efficient
cleaning of disks 106. Variable pressure pads 130 are disposed around shaft 120 and driven
by shaft 120 in accordance with one embodiment. It should be appreciated that system 80 is
an exemplary system and not meant to be limiting as the variable pressure brushes and pads
may be utilized with any suitable system in which a workpiece is to be cleaned.

[0028] Figure 2A is an exemplary illustration of a support structure 100 in accordance
with one embodiment of the present invention. Support structure 100 includes frame 104a
and frame 104b along with roller assemblies 102a, 102b, and 102¢ disposed between
opposing surfaces of frames 104a and 104b. Removable fasteners can be used to secure the

roller assemblies 102a, 102b and 103c between the opposing surfaces of frame 104a and



[0022] Figure 8 is a sinplified schematic diagramillustrating a cylindrical
core with the brushes being renoved in accordance with one enbodi nent of

t he i nverwDan11/(o8823] Figure 9A is a sinplified schenati eCliusgrians1314
illustrating and expandabl e brush in &ccordance with one enbodi nent of the
i nvention. [0024]Figure 9B is a sinplified schematic diagramillustrating a
cross-sectional view of the brush of Figure 9A. WO
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wor kpi 66291 The  While illustrated with a disc 106, the roller assemblies are configured to
accommodate multiple discs that are placed into the support structure 100 by an automated
carrier moving between roller assembly 102a and roller assembly 102b. The distance between
roller assembly 102a and roller assembly 102b defines the width of a support nest of Figure 1.
Features of the roller assembly 102a and 102b enable support nests that can accommodate
large diameter discs while in other configurations enabling accommodation of smaller
diameter discs. Note that the relative size of the support structure 100 shown in Figure 1B is
not intended to be limiting. The support structure 100 can be modified in order to
accommodate more or fewer discs. Further details of the support structure may be found in
U.S. Patent Application No. 12/359,173, the contents of which are incorporated herein by
reference.
[0030] Figure 2B is a simplified schematic diagram illustrating a cleaning apparatus
with a plurality of variable pressure brushes/pads in accordance with one embodiment of the
invention. The support structure of Figure 2A may be used in conjunction with the cleaning
apparatus of Figure 2B in one embodiment. In one embodiment, the apparatus of Figure 2B is
a spiral scrubber that conditions the surface of the discs by removing residual particulate
matter. In another embodiment, brushes/pads 130 are individual brushes/pads that are
disposed over shaft 120 and the gap between adjacent brushes/pads is adjustable according to
the fluid pressure delivered to each of the brushes/pads through the shaft. It should be
appreciated that the end supports illustrated in Figure 6A may be included so as to contain the
brushes/pads within a fixed area on the shaft. As described below, brushes/pads 130 may
have a rigid core over which a flexible membrane and brush material are disposed. This
flexible membrane can be made to expand from the core and contract to the core based on the
pressure created through the introduction of fluid between the core surface and a surface of
the flexible membrane. For an alternative embodiment, regarding the use of the variable
pressure brushes/pads 130 described herein, with the spiral scrubber, see U.S. Patent

Application No. 11/862,170 for further details on the structure of the spiral scrubber and the



brush/ pad includes a flexible nmenbrane that can expand and retract to
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t hrough the introduction of fluid between the core surface and a surface of
the flexible menbrane. For an alternative enbodi nent, regarding the use of
the variable pressure brushes/pads 130 described herein, with the spiral
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WD 2011/ 093960PCT/ US2010/ 061314 6 shaft for delivering the fluid to the
vari abl e pressure brushes/pads. The contents of U S. Patent Application No.
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138. Fleeweginentahihe dnentian TRatdpRppises lraqlger?étﬂéer P%Tlo%éb’éﬁﬁtédﬁ? Figgts#hidi ng and
Con”ag@l%g 8G9 19&&%&;9[%&5&? '6}8 O[Q%ﬁh fhe Rbmble ﬂd%f)e ug@?@@f&g' osed by

the fl rane eX| Ie ne rane ter I NC S rub
pol yvi ralysfmmlnahe cataPMD)ion of Hyildeos: moﬂlhlemﬁardieﬁgnﬁﬂ‘di)@d)éfﬁfed(oﬁl%w and

hi gh- density pol yet hyl ene ( HDPE
portion of rigid core 138 and enable delivery of a fluid into the compartments defined within
the rigid core. The fluid can then equalize the pressure on the flexible membrane through
openings 152. In the illustration of Figure 4 six compartments are defined between extensions
154, inner rim 155, and outer rim 156, however, this is not meant to be limiting. In addition,
even though six compartments are defined, there need not be a one to one correspondence

between the compartments and the compartments for the brush/pad segment. That is, there

may be a number of compartments formed on the rigid core 138, but the flexible membrane



[0034] Figure 3Cis a sinplified schematic diagramillustrating renoval of a
brush portion and an underlying flexible nmenbrane in order to illustrate a
ri gid corwoabiideedebr ush i n accordance with one enbodi nerCTafS2¢1l006i3myent i on.
Brush 130 includes rigid core 138. Ri§id core 138 has rai sed extensions 154
extending radially outward toward outer rim 156 of rigid core 138. Wthin
rigid core 138 are a plurality of openings 152. Fluid channels 132 deliver
fluid thiayebegimp cogfinudas pleet,weesmt behef t@iidatfionemitheatandading cstphdaentof rigid
core 138 when two rigid cores 138 are assenbl ed back-to-back. Openings 152
provi déomgidingwit fisd1gig &Plicon of pressure on opposing sides of assenbl ed
rigid 138. 4 . i t i >0r 8.1 WQ _pOrtions
whtoh SR o” et R STRR TR oS SRSty B AR tReld bt eq

fur t hercokaloafigurhién MRtthdGrtabRYrERiredrudhliRdtinacdeeddnc© Wsth @@k eRdodinendot hannel
132, in one enbodinent. That is, a portion of the fluid channel is defined
i n eachhofveninpdtigd cper 1380 somprisddgif dwe ppaiongghidhougBlaridgogasher ing g
sinplified schematic diagramjllustratin rpss. sectional, vi,ew of the
Sord cofe e RS TR RN Bhc R R SRR SRR TR o cor e
138 i s defihaisdd @i RdedsirfafeoMaE tin@turdefifing aperfife 184, €Hx fefsiantotAmdRAt 1 on i N
accordance wi th one enbodi nent of the invention. That is, a mrror inmage of
t he porinl o0 ialangswittamaer iim 15D gafieing cpmpaftmpxte do9.olnt this embodinerindxpgde t i on

in order to define the conplete rigid cor.e. erture 134 .i.s defi.ned, i.n the
conty aiosie dpoce G ABE o R f et i o RE! S 455 P RRIARO D ach
por t i oRn@butel Bl IO TEordSBo@nl osN@eh @omBhitvientyl 60f Chefskiled it fHeQurt Wil

conpartnments defined within the rigid core. The fluid can then equalize the
pr essurgpigaiaterthatfthepickiuge fosrirhareenahmsuyeondodad hy theligoducton hetliid| ust rati on

of Figuyre i 0 r nts are defined bet extensions 154, inner rim
55, anouh B FEs L rBnever et e BeeoRGoMSE Rt o Theh Hirel rhgvhen

addi t i ¢Rural®y @R fuRCUGR S Iihes VBRI PR A1 Bf Bncdgfid BSAmuhiefiéh WRED not be a one
to one corréspondence between the conpartnents and the conpartnents for the

br ush/ padespegdivpicompiraneits throwgr respeaiveruid chamiséy 1331 thegapansiamemds f or ned on
t he rigid care .138, byt the flexjhle nenbrage WO 1
2011/ 059BEHEEFUSIEN BY RIS B B ARIREFEYi ece, or sone ot her

conf i QFOG’.’; on, r @Iiéh% sghan silﬂﬁ)\ﬁiffé_g SRR R R ilﬁf&ir@ﬁﬁgj&ﬂ%ﬂ)dﬁi&ﬁofttﬂé rigid
core. [0036]Figure 5A is a sinplified schematic diagramillustrating an

al t er ndbclv® back cdnfeamraionarfthegugid coemffogure h4. videipaltican gfrzsdoore 160 ush\ pad i n
accordance w th_one odi ment_of the invention, Rigid core 138 is .

conpr i SEHUBFEdIREISST %gbb%%orﬁg%%w% ] HHEPEH“%’G@’@FW@HO%HI“QF%% rigld 4 K

confi gypakin@Bdiffd:. hﬁiﬁi@de@i‘%@&%ﬁhn&?ﬁfﬂf&t&ﬁ%&@é &hlle T341ckaGhR0 rl‘?d:)% Z 132 are

defined on an 1 nner surface"of the structure I ning aperture

Ext ensidefisedltidweandexoerts@ns f b4n obks rinall Dhgndainhér rimréfs. Thns, SHudefi ni ng
compartments 160. In this_enbodiment a flexihle penbrane is di sposed over
rigid e%tr%iui%mém@leﬁawls%frﬁlaﬁﬁ%d%a@nﬁ% éf- the ﬁf&l@% raspiidas yiHs exmadind out er
riml15 i ] i Anthe art
e T e I R R A R

i nt r odupparatns.oft showld de tapprocigled fthatitle ridid noiel dsch32d mreneirbmay beleqepabedof y
controlled. That is, through a shaft having a plurality of fluid delivery
li nes WRBFgdgRRRriYeompatilewidethe élum%ﬁﬂmgco&@r%lﬁnvﬁusﬁ ag BlRPtES pRRA SR
conpargggﬁggf%hﬁgugh respective fluid channels 132, the expansi on and
contracti on *o’r each of conmpartnments 160 may be varied i ndependently.

[ 0037] Fo@p8]1e 5B iBgure 8ANPh isinheidied chigsmadticalichirag ildustiatih g s tleatih f gystsre f@ar t i on
of the back to back configuration of the rigid core of Figure 5A. The
por t i oriingfe ¢ipgingeeydancesgih pne pgnboginaentiof thejigvgnsiongDiss sripinsededri t h a ni nor

channeleed ol fef BTRET 0" eh) ool fod By SRIREL AR Lo all ikl cen "

ext ensie@pssibadf bawshey 130amnd 380 ntohtied. 100 skifed i tHesart Wl dpprdcehtd that
introduced into the cavities fromfluid channels 132, the exi bl e menbr ane

wi || expaneppogs d 60 Ee0bangagncrerPiserp aufiscelirushen s Healopaipsa teagihrab¢isheltt he
varl ab'ﬁg%ﬁfo%%gl%o‘; ?60‘5 Q & aﬁcl:heoarlgd t%gthglgpeasreacttigfg ] osI'Eio Sshlg%lrcger?oe seaepertﬁg I at ed that
the rigid core discussed herern nmay be orrpoé)ed of any tigi d materi al
conpat ivatighlWbiedstr& Brushds 6hd 20 akail BaBLNGrOPEIatibBf thelglkhas Plastics, netal s
or conposites, etc. [0038]Figure 6Ais a sinplified schematic di agram
illustrating a cleaning systemfor a



single disc in accordance wth one enbodi nent of the invention. Disc 106 is
i nserted between brushes 130a and 130b. End supports 160a and 160b are
provi ded WO 20t1aM346he expansi on of brushes 130a and 130bPC3/usembastsed. One
skilled in the art will appreciate that end supports 160a 160b nmay
enconpass a plurality of brushes 130 along to a length of a shaft. End
supports 160a 160b are anchored to their respective positions in order to
secur e eidvedin@dnit, aldhshep | BESAnE 30b B8 FRSIread A haafladible iventhriasali oexip@nsi on of

t he brushes. In one WD 2011/093960PCT/ US2010/ 061314 9 enbodi nent, brushes
130a aﬁH%¥89®3@hh¢ﬁ§9@%W6NgHHV§e$IeX|bIe menbranes di sposed on a si ngl e

si de of resp I i d
schemat[| (H?ﬁl agr a%%qr%{ﬁ%tlér 9tS 191}%)??%82? (fL“O a\g/)ll%gi\}l/\"/lgr tﬂlﬁuesgg “l‘e%%?iﬁévg% (%ffedrlngf or a

si ngl e cthafing@fstéth goir £sifile dEslad)f FURPO6A S EhB Qappbd@ll 600 Ne@ donkiiki5ALKes30a and
130b di sposed on shaft 120. Disc 106 is inserted between brushes 130a and
130b. Thé éé@hdnsmseé ﬁbéhﬁfrrrb%ﬁ sDka@é% isgateree beiween brushesdl 30arpdddded into the

ri gl d r?u(%%fthfp él’H rsner]ft:é esc I1i§r9:191 z;[ u18”19t? (gha({ fntolgl(f): I‘lC a&‘l SE%% OP {)rlill%ﬁ'es 130a
and 13 expand 1 n o provide variable pressu eanlng agalnst

the surifiegesd piobdhsu n%ﬂ-@lﬁaft mmabhss;lr@dhew&)atan@n 30b td b§ahll BRGIIBGGRPAEAL US.
Thus, through the empodi nents described herein different disc shapes or

si zes wayatﬂeptﬂswﬁeléamomgﬂm%md S}arﬁmsmfrdlsa 1§6m@¢@htsms|p081rlﬁn atiherciegninga set
of the sange se

| 1
ool § P e T Ao paE e R R B e A s e Rh S s | bed

herein miﬁ%@&aﬁh@%&uﬁ&ﬂlﬁwﬁh&la@ﬁ 1€ iR BChiarmRinl & éiloiiﬁ{easﬁiﬂe|sl:tuc§1di@fsl ng an
alternative enbodi nent for a variable pressure brush\pad cl eani ng system

d eani mepydravs h@t@a@&\/ emuIVEQ@@ Ipraysves apppied padifteyend prassurshasalesierssthonngh 204
ext endin fro gﬁiﬁ core 202a and 202b, respectively. D scs 106a
and 106% Einy ?? @ffeen brushes 200a and 200b. Brush extensions

204 ar go@fo}i xed tF@%]lfr§$RQ§5'sﬂl?plfﬁéh'sBl‘ign'laQﬁld1£%£rﬁ$ll@s%ﬁn$ﬁga1@&9we-rhe
a

nbranes or bru ext ensi ons 204 are capable of contracting and expandi ng
throughnwhéﬁmnmﬂudu@madnpUBMMB@ndhuhd@hgmmgyymﬂurKbamnwﬁneﬂwiaQ%aamw 202b

and su nt | to h ext ensi ns 204. he rotati.on for.hrushes 200a
and zo%@&aﬁ T cr e g ns B e g oGt S e 203 dh oy anpl o,
brush @fﬂﬂc@&@;b PRYs P(%afhnﬁ%éﬁ 8rel iludratdd Wk B N © 860 Lhdi Jbppne
enbodlnent [0041]Figure 7B is a cross-sectional illustration of the

var i ablBruglr edesioas B%sﬁ\qﬁﬁxbddbeeapeagfewhn@mabtorﬁs YdaendRO2Ey Therdr i cal cores
202a and 202b are illustrated with a allty of openi n xtend

t hr ougAYHRIARSS fer byt %Xte“PF@SgBéﬁfer@Qa f)‘?“é@éﬂn%?‘lﬁﬁ@‘ %‘ﬁ%ﬂ . In one
enbodi %%ducﬁ&‘?opfmﬁa'tﬁlgﬁ% ﬁ%ﬁhﬂ@al%&%‘%zi Hd idz"d'aﬂd'sﬁ'ﬁs%qﬁéﬁ%?%nt%%@ush‘m' ch
extend t hrough the openi Tubes 210 provide a pasSageway into the

b r ushesx@@dioex2@ndr hegofanomfcbrﬁeusdlyt RO@hr and#00b aragDe if OPRjtEidgaetens or thea

sinplified schematic dia millustrating a yllndrlcal core wi.th the
br US he SYE AR LGSR T LR aE‘é%%OWYI PheOoBiUB RO FIFE R ed i n
accor dangg. &hﬁ&%ﬁ@ﬁ:e”bOd'”ent of the invention. Cylindrical core 202a is
e

illustrated wt brushes being renoved for purposes of clarity. A
pl ur al i[00410f hoIéﬁgﬁe7Bpembngsy%ﬁanaﬁﬂu@@ﬁbmeﬂm@w@ﬁgﬂapkﬁmgéhnﬁﬁ@md
cylindrical core 202a. In this illustration the Elurall y of  openings 212
are defcicipppg system of Figure 7A. Cylindrical cores 202a and 202b are illustrated with a plurality
of openings extending through the core walls. The openings are placed along parallel rows.
In one embodiment, the openings provide access for fluid into tubes 210, which extend
through the openings. Tubes 210 provide a fluid passageway into the brushes 204 extending
from the cylindrical cores.
[0042] Figure 8 is a simplified schematic diagram illustrating a cylindrical core with
the brushes attached and a cylindrical core with the brushes being removed in accordance with
one embodiment of the invention. Cylindrical core 202a is illustrated with the brushes being

removed for purposes of clarity. A plurality of holes or openings 212 are defined along a

length of cylindrical core 202a. In this illustration the plurality of openings 212 are defined



WO 2011/ 093960PCT/ US2010/ 061314 10 al ong spaced apart rows that are
substantially parallel. This configuration is exenplary and not neant to be
limting,we0nome3skilled in the art will appreciate thaPCars26i06Ed e

pl acenent of the holes may be providel® with the enbodi nents defined herein.
Brush 200b is illustrated having brushes 204 extending fromthe cylindrical
core. As illustrated in Figure 8, tubes 210 extend through the wall of the

cyl i ndraidnglspatapho racchssart hebstantially paiiladc @hBfcohfiguratibi Rekemplarcaide. Thus,
fluid delivered to the inner core area of the cylindrical cores will be
passed TPhMEtRJIC PebEx!ing s per vkaligsdatthe at pillapresciatyiat gpesuiaple pidgmes! Ae of

fluid 1qum5;ﬁbé’(;][>§er ?%%h%“r %%o&hl%h?sta%ﬁhé‘ﬂ%gﬁu Ul (@@H?ﬁﬁf e f the

brush ne ers | 0 con di'scs a or resi de
in. [ 0G4dhEibeishes 204 dxsendiril figh ithd @dmaﬁm aiel Asdllagraad inlHigigt Batubeg2 l@nd
expandabl e brush in accordance with one enbodi nent of the invention. Brush
204 hasxtendrough bg aHdif tley alioagead cpisrigacest the heneh pygise obhe @hadidfal t ube 210

S | nsSokeanlu 0t fud e OLER Gl e SYLLRGE LGV E0NE AS.LLLHBI paLed 10, Figure

Brush Muﬂﬁbﬁbbﬁ2ﬂﬂﬁb r8dpet ik tﬁuﬂfemsmhapﬁegsmrahndﬁdlhma effihiarfisligan naskmgnet i ¢
di sks, sem conductor substrates, etc. G oove 216 is defined along the

| engt h 26 will distiato the ampushel expBBYPMEfihe brysh anemizT6inenddlte sopElrigePés to be
removed .t ove as the disc or workpiece is being cleaned. In
one e &H&néﬁ%mtghgoggg%mgfi 8}' oove 216 is a V-shape, however, the shape is
not |inmé4y to ariuee QQ\'i@a@ﬁn;ﬁﬂtéd&@l@e@ﬁﬁi%dh&ﬁr&ﬁ%s‘ﬁahhgQﬁiédplaﬁ&%heebﬁlgl{ the
enbodi ment s descrl%)ed herein. [0044]Figure 9B is a sinplified schematic

di agr anm a¢doa§m¢%1mth gnacwbodimestefi the nszlenmrevBmﬁh d0phassthbé Al hexdarddzance wit h

S04 “TAETR Pl Bt I peids e s MR SRR g e Rty e s kaL e e
t hr oughotchg lnwﬁ%teaah hﬁ%@é 8SWhilehe birl haitdis ksl s PRgRLRGRYAh24Dgs 210. In

one enbodi nent tube 210 is conposed of a flexible nmenbrane. In another
enbodi rewsh 21¢bBresh® [Mgnay be agiyduiteltle bivah mawat etilizeddopdlGaning magmeg;ucdhsks

mat eri al sh 214 may include fl.e I nmby anpe th contract and
o pand uigpiy s g bl AT b B hrihiatd BB aer od
from t upfodibnt ! m&%me@ﬁ&m&%ﬁm@& th®elrBRofddakidRbR EIHERNR Hl sROsed

bet ween the brush nmaterial 21 an outer surface of tube 210. Thus, the

expans |vm1lkplécet ik beﬂng €lcaldce Imemb eabediment theabse dffpeodve?dh it @ Veshppnd.

0045] Al t hou e fore 0|n i nventi on has been describ in.s det ai |
Loy ol e AR e Beherit BGSRG fam L Bhge b by wogiied SeveRHEb Rt et ti

change%nﬁ,lggm@l@g ddscatdaanseiey be practiced within the scope of the appended
clainms. Accordingly, the present enbodinents are to be considered as

i |l ust{@44fe and Fptre PBS$ a sioiplified schrthaticelidgnme nfusontinga ooks-taetioVDview

2011/ 09%9%%:;%-[{1 g(?C%?cila%ég \E)Sv}t ]6?16 %r}lbodlment of the invention. Tube 210 extends along the
length of brush 204. The walls of tube 210 define a plurality of openings 220 that extend
through the tube wall. Brush material 214 is disposed around tube 210. In one embodiment
tube 210 is composed of a flexible membrane. In another embodiment tube 210 is a rigid
material. Where tube 210 is a rigid material, brush 214 may include a flexible membrane that
will contract and expand according to an amount of pressure from the fluid being delivered
from tube 210, through openings 220 to the flexible membrane disposed between the brush
material 214 and an outer surface of tube 210. Thus, the expansion of the flexible membrane
will cause the brush to expand.
[0045] Although the foregoing invention has been described in some detail for
purposes of clarity of understanding, it will be apparent that certain changes and modifications

may be practiced within the scope of the appended claims. Accordingly, the present

embodiments are to be considered as illustrative and not restrictive, and the invention is not to



be limted to the details given herein, but may be nodified within the
scope and equivalents of the appended clains. What is clainmed is: WO
2011/ 093960RCTI/098010/ 061314 12 CLAIMS 1. A brush for eCsarszeg/oai3i4

wor kpi ece, conmprising: a rigid core filrst and second menbranes affixed to
outer surfaces of the rigid core; and brushes affixed to outer
surfaces of the nmenbranes , wherein novenment of the first and second

menbr ame $imigddo HRvdERgivah Heldn, v 512 He nicliftanwitiohltedsdope amtdyuiviflénpdloict | on
of a fluid between the nembranes. 2. The brush of claim1l1, wherein the
first dpfRrpeedndciddbr anes are porous and the fluid contacts the workpiece
during 3. The brush of claim1l, wherein the first and second
nenbrag@2$ﬁ§#§%%dq%d material affixed thereto. 4. The brush of claim1l,
wherein the rigid core consists of first and second portions affixed to
each other, the rigid core having an aperture defined around an axis of
rotation of the rigid core, a fluid channel defined between opposing
surfaces of the first and second portions, the fluid channel extending
radially froma surface defining the aperture.



5. The brush of claim4, wherein the first and second portions include a
plurality of extensions extending froma surface defining the aperture to a
peri pher avoromwmsrseentric with the aperture. 6. The bresh/ustooloaism 5,
wherein cavities are defined between Bach of the plurality of the
extensions, the peripheral rimand a surface defining the aperture. 7. The
brush of claim6, wherein fluid delivery to each of the cavities is

i ndependently controllable. 8. The brush of claim4, wherein the aperture
of the rigid core is disposed over a shaft, the shaft delivering the fluid
to the fluid channel. 9. An appardﬂggﬂﬂﬁr cl eani ng a wor kpi ece,

conpri si ng: a plurality of spaced apart cleaning el enents di sposed

al ong q,!enggbn@ﬁﬂﬁC&Qﬁ&%@ﬂp&@p@&gkah?ﬁmng; spaced apart cleaning elenents
each having a rigid core with an aperture accommobdating the shaft, the

rigid core<¥¥ég¢&g a fluid channel extending fromthe aperture, WO
2011/ 093960P }U82010/061314 13 the rigid core having a flexible nenbrane

ehannol | anndraang fedoBa AR o big, el SOhEriel Sl Are to oxpand
and contract. _10. The apparatus of claim9, wherei.n the shaft includes a
fluid deli vi?wh%%fﬁ‘ﬁ%“f tanw&sfawﬂﬁ thefaenprangs SRR movenent @ffIHBe Hpbar at us
of cl ai .S g i

s peot i ecohicita AR oviiont bf B bR ROQRAAFRN B HitddiRhord O

el enentflmidbbdtwegerdihs pes@dailmst ween the first and second anchors, each of the
first and the second anchors having the rigid core with the flexible

menbrane ext@Bdirig F¢RIima, $ihB@iEths fide a8l s¢ddfd Me@itdar®@hes porous and the fluid

contacts the workpiece during the cleaning.

3. The brush of claim 1, wherein the first and second membranes have a pad material

affixed thereto.

4. The brush of claim 1, wherein the rigid core consists of first and second portions affixed
to each other, the rigid core having an aperture defined around an axis of rotation of the rigid
core, a fluid channel defined between opposing surfaces of the first and second portions, the

fluid channel extending radially from a surface defining the aperture.

5. The brush of claim 4, wherein the first and second portions include a plurality of
extensions extending from a surface defining the aperture to a peripheral rim concentric with

the aperture.

6. The brush of claim 5, wherein cavities are defined between each of the plurality of the

extensions, the peripheral rim and a surface defining the aperture.

7. The brush of claim 6, wherein fluid delivery to each of the cavities is independently
controllable.
8. The brush of claim 4, wherein the aperture of the rigid core is disposed over a shaft,

the shaft delivering the fluid to the fluid channel.
0. An apparatus for cleaning a workpiece, comprising:

a plurality of spaced apart cleaning elements disposed along a length of a shaft, the
plurality of spaced apart cleaning elements each having a rigid core with an aperture

accommodating the shaft, the rigid core defining a fluid channel extending from the aperture,



12. The apparatus of claim9, wherein the flexible nenbrane is porous and
wherein the fluid contacts the workpiece to clean the workpiece. 13. The
appar at uswof2ocl@sewn 9, wherein the flexi bl e nenbrane haspraT/isg@w/o6Bmposed of
pol yvi nyl al cohol disposed thereover.13 14. The apparatus of claim?9,
wherein the rigid core is conpartnentalized by a plurality of extensions
radially extending froma surface defining the aperture to an outer rim of
the ri ghdigiacoreandingefl&ditle hieenbrhexdxdndingaabinAn e a perihétexadhé Agid iy, f ace of
each of the extensions and the outer rim 15. The apparatus of claim9,
wher ei vhefran fhediud gkpnach enablss persep figy 2 Alufd toausgrihe ﬂe@g empiape &y expang

wher ei Qn&@éi IaIC}Fi d channel is partially forned in the first and second
menber s. Ig he apparatus of claim 14, wherein expansion and contraction

vor ki 886 AAPRE appGT arag, » RO PETRE G ash SRV ieaf Pefretaitaediayi ng o

sur f acgyiw b riRiddHdpali ty of openings, the rigid cylindrical core rotatable
about an axis, wherein a fluid plenumis defined within inner walls of the

cyli ndrji;cal ﬁlgra§i>ag?tﬂgOpélgﬁlbg’%ftﬁ?‘%?ﬁﬁg{é and extendi ng outward from each

of the pluralit openi ngs, having a flexible inner tube in
fluid co i cati,on wth.correspondin peni ngs he, fl exi ple ipner tube
ur 1 our R ByCa T AOTH TR 1 RREVLTI CR et BF Byie P e Bepands. wo
2011/ O%fe%ﬁﬁg%rﬂé%?@ée@ﬁgo& 44 b4wRaBH tHe AR A LS AAGAEKH N GadiPofahé it dnd
introduced fromthe fluid plenum thereby adjusting a gap between the
br usheghe set8nd atrbomdrakipi eerigid earei wigh thedxateimenbrane gk randing owbier ghglet he
flexible i grher .t.Hbe is curved in a direction opposing a direction of
rot ati KPS HEI PG d cylindrical core and wherein the flexible inner tube
extends through the cylindrical core into the fluid plenum )

1 The apparatus of claim 9, wherein the flexible membrane is porous and wherein the

fluid contacts the workpiece to clean the workpiece.

13. The apparatus of claim 9, wherein the flexible membrane has a layer composed of

polyvinyl alcohol disposed thereover.

14. The apparatus of claim 9, wherein the rigid core is compartmentalized by a plurality of
extensions radially extending from a surface defining the aperture to an outer rim of the rigid
core and wherein the flexible membrane is affixed to a surface of each of the extensions and

the outer rim.

15. The apparatus of claim 9, wherein the rigid core is defined by a first and a second

member, and wherein the fluid channel is partially formed in the first and second members.

16. The apparatus of claim 14, wherein expansion and contraction of each
compartmentalized section independently controllable.

17. A workpiece cleaning apparatus, comprising:

a rigid cylindrical core having a surface with a plurality of openings, the rigid cylindrical core
rotatable about an axis, wherein a fluid plenum is defined within inner walls of the cylindrical

core; and

brushes spaced apart and extending outward from each of the plurality of openings, the
brushes having a flexible inner tube in fluid communication with corresponding openings, the

flexible inner tube surrounded by a brush material, wherein the flexible inner tube expands



19. The wor kpi ece cleaning apparatus of claim17, wherein the flexible
i nner tube is porous. 20. The workpi ece cl eani ng apparatus of claim 17,
wher ei n amocotig93wor f ace of the brush material has a gr @cvasdabionssads
t hereon, the groove extending along a4l ength of the brush material. 21.
The wor kpi ece cl eani ng apparatus of claim 17, wherein the apparatus is
i ncluded with a second workpi ece cl eani ng apparatus proximately | ocated
t her ewiahd corth tssec@tthgwo i Klui @ ierodh@drfiong tifad pledsm( thefdbly Agjustingn ggPposi t e
direction to the workpi ece cl eani ng apparatus, and wherein workpi eces of
var yi ngesyeeashesprasheseaned cont enpor aneously when inserted into gaps between
the brushes of the workpi ece cl eani ng apparat uses.

18. The workpiece cleaning apparatus of claim 17, wherein the flexible inner tube is

curved in a direction opposing a direction of rotation for the rigid cylindrical core and wherein

the flexible inner tube extends through the cylindrical core into the fluid plenum.

19. The workpiece cleaning apparatus of claim 17, wherein the flexible inner tube is
porous.
20. The workpiece cleaning apparatus of claim 17, wherein an outer surface of the brush

material has a groove defined thereon, the groove extending along a length of the brush

material.

21. The workpiece cleaning apparatus of claim 17, wherein the apparatus is included with
a second workpiece cleaning apparatus proximately located therewith, the second workpiece
cleaning apparatus rotating in an opposite direction to the workpiece cleaning apparatus, and
wherein workpieces of varying sizes are cleaned contemporaneously when inserted into gaps

between the brushes of the workpiece cleaning apparatuses.



