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A MOLDED ROTATABLE BASE FOR A POROUS PAD Thi s
application clains the benefit of u.s. Provisiona
application no.: 60/742,641 filed decenber 6, 2005, and
u.s. Provisional application no.: 60/819,605 filed july
10, 2006, the <contents of these applications

i ncorporated by reference in their entirety into the
present 5 application. Uniformfluid distribution across
a substrate during cleaning, coating, or etching
processes can inprove particle renoval fromthe
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coating operation, or inprove the uniformty of film
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rot at abl e '‘base for a porous pad, and especially ere
appligdienbase has a high ratio of open surface area per area

of base supporting the pad, exposure of the base to high
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finishing oper ere is a need for.in nsi ve,

brush gvgHYRE U atab@? h@éﬁ 8f ngr FFe s e i %ﬁ%v@%@ﬁ@% Asybstrate.
t hat support a porous pad, the pad being interl ocked
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exhi bits dinmensional stability during use to clea
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dlmeg%%}%i}ygﬁﬁﬂcrgggag@qo%g g%‘lfsgﬂart Q(;)ggq,p }lgﬁe}%)gsrp% Ct!hg gi%,]g&%ng interlocked with
one o? WR3E L RUEirSHE %%%@E@@@B@e'&ﬁbltg @fndnbiohARGSility B&ing use to clean
substrate can be a sem conductor wafer, a disk, flat

substprdgselich ay waligys %tfhépawyiﬁiwl@fs wor k pi ece that will benefit
from a rotatable base that can deliver uniform

E?rf%%ﬁﬁr?én £t tﬁé'ﬂ\l‘}&{tﬁmqml&de% Igtattﬁﬂ@b’ﬁg ot H)@at?tﬁé‘ﬁﬁsﬁr@&@ %&1@5 method

al ong Ion or an ent ength of the rotatab

for making .theTﬂmatarhM bisall bruslasee that bmulymscé methhaoverlying 5ponge brush or
other foam material in substrate scrubbing, cleaning, or coating operations. The substrate can be
any substrate that may need to undergo such an operation to complete a cleaning operation,
coating, etching operation, or other substrate surface preparation. For instance, the substrate can
be a semiconductor wafer, a disk, flat panel, or any other type of work piece that will benefit from

a rotatable base that can deliver uniform controlled amounts of fluid through the brush material

along a portion or an entire length of the rotatable base. The rotatable base or brush core has a
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center bore or conduit having a length that extends
between a first end and a second end. The first end has
an opening into the bore, the bore is defined by an

i nner surface of the rotataple base which extends al ong
an inner length of the bore. The openings fluidly
connect the inner and outer surfaces of the rotatable
base and the openings can have an axis that is

cente ppredx coruit| havise adenatp Srtenterals bytwsar a s end and peecprdienst The first
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outerég ia]crecﬁ) tg@éme g%tgggfj)a@%gf | gg‘g%g Iaglg ﬁzh @%ﬁx%ecﬂétqg e?pptrgxntnately or
substiptist, pataiial th ¥hddaamat ée%brah@n bRE oZth8Xiobd tegsl) ehdd kAR A A penings,
divides the rotatable base into tw half cylindrica

the raglipd [s¢pgragion guistol Wolﬂméatwsamélaﬂlﬁ bisgete thepmeld pitat Insaake
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apprdxdhitelyydr ismghtantially pahiddllto ﬂxarﬁaxﬁszcnhe plhﬂm thaisdividhs the r@tatable base
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base BObASh Qre.ONBH bg@ﬁngsﬂn @Rl d bashedn bdtfrfé‘ﬁtd&%lcfﬂglbn@ hhlf@Windrical
conmuni cati on between the i nner surface or bore of

t he

shell pgition £ he besrswhikn@iseeandpivertits o rokseap e pHented doag ﬁmsgcond half
cyhn@ﬁcca? sh gJO!FtIibIIS e J@@.O@B?E&E§opgpeﬁlﬂ S fn%‘é@tpﬁél?ghelltﬁfﬁvlde fluid flow

openings Int rot at abl e base or Brush core can be
comipari¢dtiah bytween d@nprheartseﬂfgcefqr bbeechf Wiet atatableotzase end spowtgresurface of the
rotat hh% por ous material that can conprise or formthe

%’%‘ﬁ ‘overlying the rotatable base or brush core. In

some enbodi nents the porous material forns a channel or

Iicame: sshtiddimerithef theireveafion, fe: dpehiagsainl the hnaseble baderad $huish 0o can be

.$ at dis rlbgggi E 3UId along ﬁpe | engt h of %%e .
partizlgta cgppEt Pith A4 QbFROnEY BRRATRYS fé?fﬁ%lﬂ (RS CqrpRg1se or
form l@tﬁé&hs}?&egzﬁglmé ﬁ%t&ﬂ?@b&é@%?bh@ﬁ 86k OGKsonW¥ drfbddit@ents the porous

r ot at abl e base nmechani cal bondi ng, adhesi on, chenica
matetig e chernd py cQ,rg othia thie baregst t]@ehr@gaéablq Ppss @ﬁbrush core that distributes

llqulcfmgrg{hﬁéﬁggl Eaf‘} e [SthabiaBh& &%ﬁ%h% lyﬁﬁef%ﬁodlﬁleﬁtg EHEBo‘i’—ush
ro ed non-porous thernn I'c materi al
overlgingstb&:ibasehiterkickwwﬁh thee, roTRttadla bﬁsabﬁ bieehdmasubbmdntg laé}lrﬁscmr chemical
bonda" have a _ﬁenlng area per area in contact with
on FﬁemHW§§ﬂ“@Fm'°$P ®¥atio of open void volune to vol ume
of 25 rotatabl e base. In sone enbodi nents, a bl ow ng
hagend erficavih eles tHeir@tiadlibIeYan@OIfﬂrgsfh oond @ fM@iaalrﬂa)rb aseldaindhgiorous
vi.des a ondln surface f porous pad. or_ foamc
thernigigfag %ﬂ@teale El0Zeit e Bacigre. THoro gt patIoE DB GO eHR fave 2 bigh

openﬁlﬁﬁ%y ﬂé? E‘Fea af ankh%t iY@ Hi0h b g AtiBb2Bp& RAS Solufe t&volume of
por ous d where the rotatable base
rotatable base. In some embodiments, a blowing agent provides rigidity to high void volume base

and/or provides a bonding surface for a porous pad or foam cast onto one or more surfaces of the

rotatable base.

One embodiment of the invention is a rotatable base for a porous pad where the rotatable base

has one or more openings for fluid to flow from the inside of the rotatable base through a porous
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has one or nore openings for fluid to flow fromthe

i nside of the rotatable base through a porous 3 pad on
the outside of the rotatable base. The openi ngs between
the inner and outer surfaces of the rotatable base can
be divided into one or nore groups of openings, each
group of openings lie wthin an arc described by the

outer base surface and the rotational axis of the base
pad opfike peAe pighe rataallp basgr Bhponraines ArVEE thedpngr apd outer surfaces of the
rotata?%%jocﬁ%sﬁg&dg@odl%d&gﬁx%ég@oogg&gr@ gjdné:ﬂgof hmgé %@91& érohg Of 8bnings lie
w1thin ob atcabbmbbd\bg theramtdr dbeseasuufacd mdnhdrosattromhilmmmf thdé ba‘slsuTh;b opemngs

in theogrmtl;h aVB&Pég%%orsu?;ﬁtgnt&igr Ot ﬁ@B' elglgi\?ﬁ? Rthsgcttf Hﬂetaﬁ%l’m S group.
The dn@lbodtdbd 6RRSE ifthe Yotekeblad besy ﬁr@%ﬂé g uSilfrhbDaib b0t s1f1di@Wom the
pressure drop of fluid fromthe rotatable base to the

interigy@isthefeotaieble hese o hewuiside! thmoreiseniing e PRe eBow APeRiags in the
rotata%%ee%apgafo%ﬁta%k am@ éﬁs bcﬁl‘ﬁgn W@ﬁlqu %g esthrl Ehg)? o\fq’h?d ﬁ%l‘m@ro?e{table

S per vo rotatab ase materia
base toghababide obihs @ofD@s p@.rb nlegspeoiags pnrtbw putfaca Oﬁthghot‘ambht base can
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openipgslcdnirevil©g kigh Woidwdlitte pat6/olimd S tRse BPRARINGSh b Redub&l or
base. The base_can praqvide fl ow equalizati on and
minirgized PIepiEs GRP o $9Me Grhiodip i hihg Roroys Bt BEFTI6 LY thspme or more

openifBs £ th@bass UEhe Qa?Se %alp&l&(/}ﬂerﬁdw afgliskior Qﬁﬁjﬁls@bﬂgomf e?ﬁdpﬁ«ll through

I nterl ocked wth the base. |In sone enbodi nents,
a corgsoparons oaramatertad suchlasiapohotyhnéctd lcbpprising matf:mbmtwophed with the

base. hﬂ%ﬁ%aséglbo&éne%\/%n ggg’ﬁ‘g?%@ %Haplglt i ?&egﬁangcoallg q%tgrlg%hg gwth the base.

or ous resen
Advaﬁslgantslyadubgtratd@eo BaffEated]@fﬂl a:l&l pom&qan bethd st he p‘ras&ﬁted)fimth the

t. ubstrate ardle f 05| al on e length
essenapl?x fhe SHBf s &3 FRSPIIE] fife ﬁélersﬁﬁ?%rﬂe %%rﬁ‘ga%?fmo ogflong
the 1chB® PR3 01RPMA BF blkﬁ%l'&‘ 8hthe ARRERRT pSIRRAD RN 0104 Sda®r brush

invention is a nolded rotatable %ase for a porous pad

that provides flow equalization and distribution of a

Appigy gmbostingers gpSerateatipp ixpempldedFaigfable Rassdapa perous pad that

provﬁm Qgﬁhﬁtfog Gnd@ SQ%UB 595 ﬁ?l.:lqlg t(ﬁé@t sfr&@ k&ﬂ@ﬁeﬁeﬁ%%ﬁe

porous pad that interl oc openings in
emboldasentsithd nopdedoptatable Hata@malupigsr owslded perous packthaelnterlocks with the

enbodi nent s, . the | ded base is ormed fr
ovenifgy i RN S b TR BERTR G P b e ol e M B € bacc s
formebhord aafvb pieaé gioeSarmr@nin@teumpeﬁlagmﬂlhrah&md@&ﬂaﬁ@mmeﬁ | Wheldraft

or liguid fIc%Ythr he por, HS pad over the ar

of
angleg ROV esirgtH homifordy owfhrppgh the PTays aﬁi Vet thyparea of
the bis@ %nﬁ@icﬁﬁgeﬁ%%vallcﬁ tmdﬁﬂmgﬁﬁ&ﬁ M Smatded BseMh SorhdéhbdEments

used to formthe rotatable base can conprise two or nore
the mpldetbeisis usad tofdrarthe eatiiobli aswt @nph@pnm twotdranorg piegeedh other

embodﬁnéﬂt§ 1!%@ n{o% %taﬁg lugeé)t%%gng %@%&é{aﬁle Yase COHSIS\% o\f%§o hglvgso o' Form the

openings in rotatable base. The molded base can include openings that span across or through the

outer surface of the base to the inner surface of the base, the openings may include draft angles to
facilitate removal of the molded base from the mold. A molded rotatable base can be
manufactured less expensively than a machined components of a rotatable base. Molding permits

manufacturing costs of a rotatable base to be lowered without sacrificing other attributes of the
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openi ngs in rotatable base. The nol ded base can incl ude
openi ngs that span across or through the outer surface
of the base to the inner surface of the base, the

openi ngs may include draft angles to facilitate renoval
of the nol ded base fromthe nold. A nolded rotatable
base can be 30 manufactured | ess expensively than a

chi ned conponents of a rotat.abl e base ' - Mt S
base st PG BESES P B A ApPEon ey S oR b fion
across\Whd fd@MibISeski ficing other attributes of the 4 base such

as strength, pressure drop, flow equalization or

essentially uniformf|ow distribution acgﬁas thﬁgb 1
Onesrtodisnent bhde INCHEOR REIRAPSRA GASLORE § YK FYATPYS P4se With one
or mox%%'io%féli?lgpﬁldthg Bk 1R ‘iri?;th eer@géfg I%ngh%_to%gﬁiﬁ DRESiW thB r@Eble base

openings In ase include draft angles,
with thichigglo peidivobsneppepwiid eoluhe afcheabaabl @phedlyshemnatsrialef the base, its

. void volu er i.t. volunme of the base,. j

dimeniiguaieaes el el Jutaery SFeg et o GRS et B oL v e, or

numb&f opéihih &R eifSrotatdbEBasd cANBE EfosertolRovide ameateble bhsrewitlo sufficient
vol ume, or nunber of openings in the rqtatable base can

mechasical ropeict BT BroiSanag 08 PR MATARISE BEGEOVILE RSERAY AMAES How

i i : j or coating process

torou g0 R 6 s RERREL b i B R, L hrough The pad

with a reduced or mnimzed pressure drop. 10 In part,

In petierthersppets featuses; benefits adrdvantages 98 thecrehed s ofthe Rresent
. enbodi nents of the pr i [ i
imven G R Eibprfb RGPS oy bRUEM Gt rBRuAgRgReBhd
accomPhAyiig dandngsackaapanyi ng drawi ngs where: BRI EF
DESCRI PTI ON OF THE DRAWNGS 15 FIG 1 is a perspective
view of a rotatable base in an enbodi nent of the
invention. FIG 2 is a perspective cross section al ong
the length of a rotatable base in an enbodi nent of the
i nvention. Fl GREEFDESQRIPIPENION EHEf DRAGYIDESS sect i on of
a base in an enbodi nrent of the invention illustrating
FIGNE iXa BeiBpeafi@e @Reh of arrofaaibieinat irsat amlafdimbre of dsentdngion.
lies along the y-axis. 20 FIG 4 is a cross section view
of _an enbodi.ment of a raqtatable base. FI s a .
Flfe 2 dpR BEPRASIXT HOSS 6ERY droeie Aa‘ggh%fe i "eoﬁad%le By g in embodiment of
the in6&RRdi ment of the invention illustrating a porous pad
that interlocks with a rotatable base. FIG 6 is a cross

section taken perpendicular_to the Iengﬂp of rot at abl e
Flgndds apergp%wﬁpf %prgppgsechon of a base in an embodiment of the mvention

illustrating the x-z plane and a rotational axis of the base that lies along the y-axis.
FIG. 4 is a cross section view of an embodiment of a rotatable base.

FIG. 5 is a perspective cross section along the length of an embodiment of the invention

illustrating a porous pad that interlocks with a rotatable base.

FIG. 6 is a cross section taken perpendicular to the length of a rotatable base at a point along
the length of the rotatable base that illustrates a porous pad cast into openings of a rotatable base;

the rotatable base may be made from a two plate mold.
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the length of the rotatable base that illustrates a
porous pad cast into openings of a rotatable base; 25
the rotatable base nay be nade froma two plate nold.
FIG 7A-Billustrate a cross section taken perpendicul ar
to the length of a rotatable base in an enbodi nent of
the invention (a porous pad cast onto a rotatable base) ;
kgese figures further illustrates aspects of aSﬁ i
dé-Pribtratea mossisattion idiea perppetionas tothslerglh @éa Kyiptable base in an
embo@%@bf‘iﬁ@ Eny@htid& éioﬁ}{l@ ?Ed QEB Yibh erQ%erbaE%{ t%es%lf%&u?es I ther
base havi ng no wall angl é, the slot can
ﬂhwmm?Sﬁﬁwﬁh@fshaﬁsnmﬁfﬁmn@b&@p@kﬁn@ﬂher sui t abl e shape.

FIG._9 illustrates an enbodinent of the i nvention
R bR LB SN R LLRORSH hElg S Podblothin

little &4l 8. wdlDariglld, tist sl@itoas bain thﬂ’smﬂe pEan tectaﬁlglehxﬁhdr suieabtd shape.
nmol ded with an open fluid inlet end to which various

t fi b ded...10 FIG 11 .
iG-S emiciooraes: 30 PR WP Ghe & tposp dngp Panees tat
are offi@s froid thd)didvd avd fingé endmkelfluihialeeflddpes.nol d pi ns each
include an axis that is substantially parallel to the

- aXi. f a plane,that . would be ifiogned bet n
FIG HaBPiored R smpedine at ahony snuion AR v i o e s e
whichredrbQsl Surifigled 88fGs B8the Yohddds t 0 be understood that this
invention is not limted to the particul ar nol ecul es,

conmposi tions, nethodol ogies_or protocols 15 descrlbed
FIGE 1l flbasirateayn ¢rapssectiqn th%maldélzg A 19Eiabikase PEG A tvRIate meld
wheré ﬁae w@bﬁag xa&ﬁﬁ@iua@aﬁ & t@l@ﬁg SdRELRALY SarfIR 1o 8z RS RPS Blane that
describing the particular versions or enbodi nents
Wmﬂ@h¢yﬁﬂam§db@“@ﬁ@ﬂﬂmWWEﬁ@édVﬁb limt the scope of the
present invention which will be limted only by the
BBl 20 ppalins TS bncllo P ol el B8, i bOSAINRED thae this
inventietl js noP Omitad tq thamahtlculhﬂ'ho]lemdbs,l dernpésnmca:is metheddoges arpratssols
text clea

desoriigd 5 NS Koy SEERIL Y a0 1455 ERisotr B el Blogt Biein e

descr@hoﬂ'ﬂiﬁr DROUPIYS o Bdedcritdhtd t\ha:‘p@rfﬁﬁ:ﬁlaf bekiend or dﬁmmndn@ i sad is
killed in the art, and so forth Unless defin

not ingarHied 4 lizpit thy soopeediht Rratenhinyentiog el Milkbe Bpiig Qﬂhéby the

apperiRli €lanlave the sanme neanings as commonly understood by
one of ordinary skill in the art. Various nethods and
materials simlar or equivalent to those described

Itmesbilpe banotodthabas usediberpintapd itpthg @ppepdedelainss thie sipgplpr forms

"an", QH(P ché qﬁ%}hg ?lfuratl p&el@ﬁ@&ﬁﬁ%s {hré\{zgﬂ%kﬁ ear dlctQth$ﬂ1&%§ Tﬁus for
‘ment1 oned herein are incorporate ference

exampler eifarenics t¢ an bepeomg? tsrauefirense wnowdmnma openings and equlvalents thereof

T H

known to those skilled in the art, and so forth. Unless defined otherwise, all technical and
scientific terms used herein have the same meanings as commonly understood by one of ordinary
skill in the art. Various methods and materials similar or equivalent to those described herein can
be used in the practice or testing of embodiments of the present invention. All publications
mentioned herein are incorporated by reference. Nothing herein is to be construed as an admission

that the invention is not entitled to antedate such disclosure by virtue of prior invention.
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that the invention is not entitled to antedate such

di scl osure by virtue of prior invention. 6 "QOptional"
or "optionally" neans that the subsequently described
event or circunstance may o nay not occur, and that the
description includes instances where the event occurs
and instances where it does not. Enbodi nents of the

|nven§|on can conprise or include an elongated rotatable
"Gpiasal 95 oniegally) Themy igbthe suirop e RGP HRC D eeat onicr Eiance may
or maAHdt YOBF, @nll Bt fH&tc@E&Q'n@n lﬂ%ﬁfﬁegﬁ‘l@taﬁ’&s Wh‘éféjtﬁg eVdnt BcRReanAlinstances
more portions of a cylin whi ch can be the sane or
wherelitidpesrnont . For exanple, the rotatable base may be
described by a first half cylinder and a second hal f

Eﬁ\/\%h{hﬁgg{es o\ff\gﬂreﬁg}/j&gign gﬁ% a%%%{sgtgg ﬁjlﬁglﬁggn Qﬁgﬁ&ﬁed I%ltla(f&l@ﬁase that has an
innersexfarcdntat buteasurhray end \hhaers dreeonatablediabd emd:mtdladechmgemremr more

.of enings or,other feature fl anges t.i ngs
portis of EPUBREREB R B P GRS PRIIBE DY i) S BRoghe P ge DAke may be
descrital 84 afﬁritlhlal'f@ﬂmcﬁ* énd NERbnSHIf agedef Wﬁlblecafrpdeaieﬁeﬁbt%d BRsQlane

orns a bore in the rotatable base,

fo
such axyewth el &gmsg by AP mivsp mold: Rt SPWJ@E&C% heveghe FigieeT
L S T e e L
fluid sletf &roesend lon ﬂsmlnaleefrmea; néhe mntemrf@p@@ﬁ thg sotefalpie bese forms a bore in

ribed.,by an axis that . :
e i iRET Aol ap Py arivacfly &% pRRPAFELERA ok s mgpe gpenives
betwérnlte phétpdbhet swked) SEE dpenih8s ﬂﬁutﬂ'}ﬁ:oiﬁﬁedﬁ perihig and blliter base
radi al separation axis of the nold gte essentla

surfaggiss Ja same FEOAHMIN}Itht enngs GAHE oo HS O FR AES (4t approximately
or subRERhAYpd188e1881a %lléﬁ séﬂ?&?attloh%xﬁ PRk %ld'rﬁltaﬁel tMat%as used to form the
substan?lally par al | to the z-axis pl ane t hat
openigdigy itltberg dipheeparation atis ef thaswld plets essm)tlﬁbi lflse@ysl thmxoidcldhte In other
embo%hm%{ltss {agcrh ogo%{nt\ll\llé %08 aiencaex1sg tth{ ig QSPIPQI%HQ'EED%P%J]\% ta%llﬁ&al allel to the z-axis
of theelﬂ’@xmjﬂhﬁfﬁﬁhﬁes the ﬁotﬂﬁblmhﬁﬁ inop@n ihakf s ylindrichlesheldt @atmibdienshs plane
are at .| east art|aII filled wt foan1o on
can g hich SERSRET it D% HEMBEH HOL: TP ARo e Beae g more
openinB@in hOAM M e SRRNGLNBLLFrBdIly Bl1AIvSIth £ 85k QRbOndehatOM 84t into
surface of the rotatable base. In still other
the opgiyedi inspms embpéinfeaisihas foap ehtpengavnaterial is plse 6¢9t gajegdhe outer
b r
suctafd S1nd AL BhD PP el B, RR B (afp o RRAR Mlertooks
with (eeotetbisdiaseiotfond a thre of thespongsror ifsanamatgppbwahinghe brae of the
tt%ﬂ cl udes or conprises a rotatable base 25 of
rotatgbie A8l astic material that has a closed cel | structure.
The rotatable base has a drive end, a fluid inlet end,

OaB embbdimeatisftAC mvamibnan aw B{i}ﬁfatmhitaﬁcﬂudd’s loe compréges anetatable base
outeﬁssurfacﬁs of the base

re
of thermoplastic material that has a close Cell structure. The rotatable base has a drive end, a
fluid inlet end, an inner surface and an outer surface. the inner and outer surfaces of the base are
interconnected by one or more openings that distribute a liquid from the inner surface of the base

to the outer surface of the base. The openings and base can be formed in the thermoplastic

material by two or more mold plates. The mold plates have one or more mold pins to form the
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i nterconnected by one or nore openings that distribute a
liquid fromthe inner surface of the base to the outer
surface of the base. The openi ngs and base can be forned
in the thernoplastic materizal by two or nore nold

pl ates. The nold plates have one or nore nold pins to
forn1the 7 openings in the base and the nold pins have

an.a nti aral lel. t r atd [ .
openirga EhFFSF AR a6 B e ottt Br Ap RO Hafe et mis of
eachnchggta@gol e base for a porous pad or brush. The rotatable

base has a high ratio of open surface area per area of

base that supports .the porous The 5 por,ou

Onerraeresot of D J¥rR00p e gty bk e ige 2 hpRh 16 Rtatabt

base hESP H%g fi gf of oglalg 8 lahsea Hareh g? Bisk @ﬁ%\lﬁ §u13£40¥'t5 tH(RrORgRuNdse

or C e por US pad can also forma passage
porougpadoman éntexMdkiwith ﬂlh epbesgs of thebiserin sprae iembedingayis the gorous pad

BT BB Rt P o LRSI 3 0ty o

withind88 Base T M8e Righhati P f @rfate wf@%em atca@f Bﬁ@&tdvﬁxﬁagmndg allows a
of base advanta eouséy {} %g'%d or %rlcte
uniforgy Estrippian Grilud fora sdgirde alopg thegbas G féﬂ%g f%.f 38° QPGS area
td ¥iStrbuBYh Of f1d@id or liquid t
pet ar%ag(? at gifd;ﬁ@ggégﬂ%g ﬁlbﬁs ghedéﬁg%gfﬁn{g%f tlh él |lnvent i on. orameios
substrdth @longdheabaabbed pralse can i nclude a drive end 120, a fluid
inlet end 110, an inner surface (not shown) and an
FI%Z%% 3 Set'l’%%ge aS eg\g &gll?gtajra Téeoraa(? Wd G5 Abdafwebr ﬁz%rnﬁx%ﬁﬁon The

are I'nterconnect ed one
rotatalfle bagy @n Givdutieel driverend P20 anfsid smleihendsl 10,26, indgGpriage (ngmshown) and

that distribute a 15 1i d fro r. su
an ovieriais % 001t Bmena Bt 7S Surt e 55 G pE4a0E% B
inter ca-rt}l%cteﬁ Bl 3ha bl SoRATENABY off dpchings sddﬁ(als ugs; 180] vel 3andatfdianpee a
4 and’inlet flange 102 that support and ®505|t|on t he

hquldrfmm; ipieed syuise of Foirape 600 ohthetea & S 435 B e base KO- The
rotatagle b%see r%g}(fj ?u T%Qr 5G9 HH %rrcf {l‘rﬁlge 9k ghihlee ﬂgﬂgéﬁl 320thé s% cy@and

process can rotate the rotata
positirage pbOfis pIdnenolt sl g onlthlet etse 100 asavelilze acloivaend ¢80 tq-pnmnect the
source of |iquid fromthe ess too In L
rotata Bt e = gPriED A RGO RE] A TR A DERA Gpasedg0: The liuid

inlet 10tak 3bLéntRase tBYo b MOl ferias thdprapes tdx) nﬁmdmd)ﬁnlknﬂlﬂﬂents of
ends, for exanple the base is nolded without a dyiv

the ineerdion20: dnetend of the rpiatabipbasomay e MAldHATEnQRET prifuit o both ends,
for ex1amP[1egcﬁe 192+ € i 1%8@08 Al Yol d %r?\geéﬁg bt Wlt‘ﬂg b r?%’é 19[1]' (ﬁtwnhout an inlet

T wn, may sequent |y
flangd heer. r&lpanafeuhver&nd \ﬁaprgra,ndad e st ftEng, arot stokag ntaef@hbﬁequ@glytb@ bonded

the ends of the rotatab rovi.de. a driy
by thepmigl, {is . ¢ pReRGEN T2 SR Heﬁggﬁnlﬂﬁ‘egﬁ% te g Stife %“%‘aglregf’gg ©
providda 8B dQ 120~athAlaBE @24 and inlet flange 102. This approach to maklng a rotatable

base can be used to configure rotatable bases for a variety of process tools having different drive

ends or inlets while using a basic mold to make the portion of the base without fittings, flanges, or

offsets.

FIG. 2 is a perspective cross section along the length of a rotatable base in an embodiment of

the invention illustrating one half shell portion 200 of the rotatable base of FIG. 1 along a plane
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25 base can be used to configure rotatable bases for a
variety of process tools having different drive ends or
inlets while using a basic nold to nmake the portion of
the base without fittings, §langes, or offsets. FIG 2
is a perspective cross section along the length of a
rotatabl e base in an enbodi nent of the invention
i strating one half shell portion 200 of éhe r.ot able
that laqg(iesahe fP‘Il@f rotagpy pktha rfptable base. (Fhsilang dnQt§R™R %) is
pos1ti%§ecf 9 t@%éxpﬁsoq{ah}:e@ 8f & RiAhiaR d-ﬁ%lﬁ ARE may BE uE’édqe Sndia Qﬁe 1%&% base or
for clarit osi t1oned between two hal ves of
1otatq®ﬂealnraslmzﬂrd A altusmayd ttlee hurg Eshetl porrimk @00 hétheaotatahbl @Sﬁbmbdes

openlB&?4 ?L}Cﬁ %ano%]h tﬁg lt']or %fergﬁlgagg (gég%ﬁtd a { torf)cee)nﬁlgl |2f30§1neludes draft
angl eS),J 6h2@45(1ﬁ)cﬂﬁde@ @tafl dnlek pHlat Qe AREEHNGbAR ﬁqe(ﬁlfsﬁ dy@nﬂmﬁhﬂ Hﬁlf shell

e),. opening 230 (includes draft 5 a
portiqy 299 ddluidly aft@w%mﬁpfééﬁ oytgnbasg i fage %%5%131 Beimer Pﬁé Srface 214,

Othel.]C écﬁﬁﬁmé“t%lnb Hf%ﬂt &ﬂllgs hal £y shé‘-ﬁ!fiierenp?{Jl %és%a&z‘t?é)us@@ daf lﬂﬂsqgﬁéd in FIG. 2,

i nt'er connect 't he out er ase sur t he 1 nner
the inpeseiriae £ hdcféesgtihbs a hafmertlcmmfbubnm 118rd thof rotatabitd bags thas allows liquid

flow g?na thE mléjtl %& with %hfa (g) %12%5 é(l)'l %heeddl aﬁ‘send Whlﬁ%%n[l%hlg ﬂlusl[}atlon

I nner eScCr
optloﬂeﬂl}alnblﬂd@ a2cib86 pih htda&n [‘ZQB Eﬂaﬁh@b Q24bafcbdrtd&&hd an) OT\B’olhblilslhéfll portions

low fromthe nlet end 210 with optional fla to
such %%OOdﬁoglpalrm@Heievmﬁec R iSAmE gPdodimen st g laﬁenilen 3%1?' %ﬁﬁﬁmons such

as 200 @9& Hé’%%aﬁte@?&%ld@& Bnd @9@&1% Aifet by%s"i’(?iﬂ@on%@% ﬁeﬁ b@lﬁdl1i~i§ or by other
20. Two hal f Tions’ such as 200

Sulta‘?l@te&halﬁU@ thdeyen a Whols} ortetablethesti HSrrsshown thEG. Ay Enh? intmr surface 214
of thch@%SE c d‘h? %seg gﬂ{ %]eggtgtsag%gg{% Ig?%\elzgg g&%ﬂsegﬁ}%ﬁgig?éaﬁg#?a process tool

and deivtifiudd oxdtqulixywattl’menlet 210 ﬁoabd: eort eLhporquepadt (non‘ shbmn;ior in some
nner

ol e rotat abl e bas S wn FIG
embodi P o b ot e Wd@ e R g g epitogdl cofepia J0eRor 222 can
be us@d fd MevideaskRlin tRpoil at&edhd ﬂﬁae&!ﬁﬁﬁo@ﬁﬁeﬁﬁ OMePbaRRE OE8Slude a
15 and deliver fluid or liquid via the inlet 210 to

dnveteﬁ@ 230 wathgp ogtigys Q@geﬂg& hadtive prshgppnests the bagsnith the tool spindle.
The bglgépgeﬁll' gﬁﬂ&éa hf?ldteﬁ ﬁ@ufﬁ{ch%% %1@8 Shchite é'lg fpﬁoﬂa?hgﬁefebisOg 4 to

ona core pin [ocator can
provide a core in the porous nmaterial in sone _
Fsvoidiarpsrspectivleéa basesechon meﬂ@reﬂaa to theilengtleaite R20abig base 300 in
f1l ange , e h
an em%%dﬁrg?rﬁ 3@?18 Cﬁw an 911 gftﬁ% ﬂmrtﬂen égir: gllndﬁ Ig g getZB 1#) efhg %aseqhas an
inner2iffacsidldfand an oﬂﬂeﬁbase safacd GZ&IfhaD fdrine adord 3 mr@ehe&@?atabl@base 300.
i IG 3.is a perspective of a s._section perpendic
The C{ %W‘Pﬁé”‘l‘sérﬁtfﬁ ﬁtOBFQ%FSrgB"E Sé&ﬁéngégéa Bairan be fopped sy gins or by
mach@fing "B domeaRitoaastdthamfdpiistlc eRfphdi egslom% @gaﬁt Jahwednachmed
and

inlet 310, The base has an i nner” surf ace
to forgus ertatpile bassyMaziees gegingh atithfdselfangessoele a33X) anfl 38 Heand one or

more rogglﬂhgsb\k/ﬁhmﬁfaftsa%gles such 326 are illustrated. Embodiments of the invention
include openings having at least one draft angle. These openings can be made using a two piece
mold or a two plate mold or by machining. FIG. 3 illustrates an xyz coordinate system with a
plane that includes 358 essentially dividing the rotatable base into a first half and second half.

The plane can be positioned in the x-y plane as shown, the axis of rotation of the rotatable base
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The drawing illustrates stop edges such as 316 and 316a
that can be fornmed fromnold pins or by mnmachining. In
some enbodi ments a thernoplastic conprising a bl ow ng
agent can be machined 25 to9form a rotatable base.
Various openings with draft angles such as 330 and 334,
and one or nore openi ngs w thout draft angles such 326
are illustrated. Enbodi nents of the inven in kﬁdet. .
lies algpepihe Hgaé“ ihE RE XreRiste- okl Xdf BFRS SoTitRs ¢ RS § "RigHon axis
pmJec@satﬂmte@h TR0 - A4H4is PobURIAIHAE maTRy glafk. 3 Lo pl ate nol d
machi ni'ng. [ustrates an xyz coordlnate
systen1MAth a plane that includes 358 essenti al
FIGi. ¢iich prgss teetionovigwanbier crhedinient of darofaiable basg o ik g plane
| f I [
of F I(.tr1 % as v?&t#}?org ek %]1 é:}?x(rr)l tlgct%to?%ﬁa % g ﬂlreoﬁllé& g'g?t)én a’gié@l%%t?ﬁe base
400 1s| ﬂIﬁﬁrasddd’ragmtgfmG)aye axil g5ametl 4 Buidrent flenge 402p haoeter Blsesucfage 428 and

pl ane c th lape that_the raotatio
an mnﬁx: Bpseer aqe 6uf&ht f%flﬁ%a Qrg 4&? n&@fﬁ‘éﬁﬁﬁéﬁﬁ%&ﬁhi?“@"*% Hig bore
and has dnds@ffee d:pkﬁingﬁsdcﬁ a4 80088 ®BRdck BopenBIW D vﬁfh draft angles relative
enbodi nent of a rotatable base 400 taken in an x-
to the piteFpugfacg 438 of thevhasr 4000 n@pwg:fb}%ﬂlmtrﬁt%c?cla?lérst@rf&gf g!zé @ther

openlngﬁ%ﬁivtv%egs}é%ﬂlﬁgé suﬁﬂge 4]&%d ol ﬂt@r%é gfap@?;ﬁi aé?ﬁQQbﬁt%re not limited to
those éxhcﬁxnag @28 @\athoarﬂraﬂtaﬁglesb #swe sushfaadd4 h28ng A ft saagles ambepprad avall
r 414 t hat f.ornms ner ba e
434a'sﬁ?ef (3 447%43 SRy Ibé‘@’glqgﬁge Bré’FSeseCé%O% gg rcft% bel &t f ace
openi ngs such as 430a that connect to openlng 430 with

FIdy. afi§ a gétglb@slvé eloas decton dlong the I@igtiest mumftadendR 81 efotsthlde base
base 4

Openi ng 430 i Iustrates Id sto
with agporeys Pag R higrabag RBRTIPH S TGP R Mo AR cking with
a rota%meetfasec‘ 5454 afiRe ﬁ@&ls‘ }ﬁ@lchﬁgﬁmﬁﬂg offef sitPced 549 irﬁ%rétﬂlsﬂ&ls or nodules
hose such as 426 w thout draft angles, those such

548, zrﬁarcnawbln @a@rfeﬁﬂtcaahg‘ra%hlahmmﬂa’phm@dwﬁhﬁ lhighgmation qfﬁ)@e outer base

ot 5 B TP P O 008 BAA.00 ks g v

a coreﬂ$ 1C2rtﬁ ﬁohﬁls lped gt foaaf m&tﬁnﬁﬁbd&lhmbf thé baserS(SﬂatF hb b&ek@als be molded
orous pad 500 |IIustrat|ng}a non 1 %t v th

from @%%]a@ rgeldithat fwsdﬁyg Op HHPTHRFIIEE 4t Bavyg cH@Ilt aRglps; Optionally the

moldélopk A 6258358 i Rfle 2 B BRI 91Pardathnga 524 RECkHIUEs @ﬂﬁl&ﬁnlet 510. The
surfaces 546 and protrusions or_ nodules 15 548.

he
rotatablst tasaplogidss s irBmaveshdistribytEono T with frowi the {uidymist thhmalgh the core
518 ancll glto 810 rf%ér%%r 80r0‘i1£1 %a&%*agsot@é & enﬁgs 612 g%l rﬁ%@a%leo&:gé‘ pie diQ’thmd
can bb Idisuﬂmmltte Gﬂleﬂd)tﬂlﬂg:)a\ﬂ/lstlﬂfaceéMﬁ enépBi@siohs P4t where pias distributsdranto a

mat eri al %ithe bor e gf t he base 554. The base can be
substial Qfedher PHEHICH0 PRGeHF%t e nol d that forms one or nore

openi ngs that have draft angles; optionally the nolded
FI®t6ik akt®s basieon 0@ theirbataudbage wrilGe 1 and fiE2 foiangdofd tndegth

524 as well as a fluid inlet 510. The
illustrating a porous pad 650 with optional protrusions 6438 cast onto an embodiment of a rotatable
base 654. The illustration shows that the porous pad molded to the base 654 forms a core 612 of
the porous pad or foam material. The porous pad is shown in one or more through channels or

openings like 626 in the base 654; the base can be molded from a two plate mold.
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20 rotat abl e base provides an inproved distribution of
fluid fromthe fluid inlet 510 through the core 518 and
into the foam or porous material 550 via openings in the
rotatabl e base 554. The liquid can be distributed to
the outer pad surface 546 and protrusi ons 548 where it
S distributed onto a substrate or other surface to be

treate Cross sec n of e tat bl e bas
PG R gl 2 45569 PioB Gt N TSR BHS TR kod i o0 sccond B
along gl I MR 8 hDBast. P Qshs BadioR Afishicha Gtk @ﬂ@drow ﬁdﬁﬂﬁbxﬁtﬂ g50 with
cast onto an enbodi nent of a rotatable base

one orFhere rptdtustomaﬂﬂ& Aillitzows or mere eRFaiNEs Serisas g nwdnalé%ﬁ tP 8 26 gad 730
that 11%&?0(%1}16:3#11(3 oilﬁcer ae gﬁ)rface gég 4 1nﬁ£:ﬂ?ast9 %Irgalrt]% 72?@}@?%1]‘1? 'rﬂiglljegbase wall
754 oﬂﬁth@ﬁig@h W’f) 30%@?@% Iﬂgaspdrbd@q)aﬁ 2atarial Z hie fdyans @ co6f4] 12t hengihs ener

can be nol de roma two ) 0, FIG 7A-
base sprisdk AaCCAMER S0 Sott B T3P WHeC! BURE I HALET ek B O

that ca?ﬁqﬁe%ﬁﬂedal'h the B&RE gfgjshB%%laébéthgmfeg‘Tl hQ9S fAn@dnt td e BagLsurface of

cross section Illustrates a oan1or por ous pad
the basedreilingl PY,50, adth pavile! tora wialk ef the eponiagsoAdorp4Beciiiqallyrige non-

limltm;ga%ag flﬂ%fo 53 cr'ﬁn%e nde c%soe rc%:l 1V%Sco ?Hgs o&ndll1 I%d 7E‘g%§@&%@g

erCO nec e ou ase ur ace
imagihd}) 8lanO ASS (R divaRe thelbtadblobigh imotwed adf poiase thﬂbﬁenﬁg? B30 and

of thickness W. ally the er | a
726 ediee 3 808 BIORES T30 MG LHICHAGYD B0 LA aDy paglel 8 z-axis
75%a @?g%'d%ﬁr toc'ﬂfé?)laﬁx% 7586 Tﬂ@ GEMSWBD hndl 906 BxAPIHEpY &id WalBslopes

angl es at can be forned in the base
descriaedatwomnaxie it w\ssbstmuaﬂlm earaifal ta ey Foial sangeHipn e¥esy which lies along

758a, 8%\% ﬁngrcf 1%1% %g(nooft c&xb % t?%%gula %g .uLéd’]t%Sf thep emﬁgéj Eﬁe z-axis 758a

€ openi ngs. re ecifically,
would &€enfti@y bisk et thel’}goldrpaitcts. angl e B can be descr| bed
relative tolines Ti and P2. FIG 7B illustrates an 10

|nag nary pla 58 i.des ..t he .r ot at
plesap erbndinih ¢ L le e Sl Blofe ARy fbftnes of
dlffer@fﬁ sBJeSn SACBhs@Bavi %hﬁl’éd)r hoZallasReath ¥t nbhihitedto 826 or 826a.

substantlall% parallel to a z-axis 758a Erpenqécula
The stog ot prenjsizznas bragtheshapeoarpeienely sheniabls shaps such aspadrby 2

comb%l%glo%'\@% n}tom%%l%{}% Q]%]Sc%ﬁlﬁﬁéir EQ&U tA180i1R%irSted BRlonk 91 more openings

e radi al separatlon axes,
830, 8@k cdr 31 s tt&I coutegy suiFE@eR28ff thetmserdd Ahapling @Wal(l angle sfhevatie opening

| d be us to.f t he openin
i in he S P SclBals Sy st Qe et e aica gt ag of Sy tffand
curvilihdab Bhdsaties eaibobitiad bNEIY. 8806statestaltiid mlﬁr&l Doinleppddouppasl flange
or nore slots or openings of different

ha e.in @E% 200 i
o Greehavingohs fn ' O di1en gD e LG FDag CbtE PG Pase 800 i
FIG. % ;l]l Etg tﬁ@cl?gegpref(mﬁ it logeﬂ_ H%s sr@benfd &Eﬁﬂb% o€ 8perdysiif the base as

pe o rect er SUIta | e shape such as
descrited @etein. a

FIG. 9 illustrates an embodiment of the invention 900 having a surface 928 that may be
provided with one or more optional inner pad or sponge flanges 924a and 902a that are offset
from the drive end flange 924 and base fluid inlet flange 902 respectively. The inner flanges 902a
and 924a can be used to confine the porous pad material that interlocks with the one or more

openings in the base 900 to select areas of the base between the inner flanges. The position of the
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conbi nation of joined straight and curvilinear |ines.
Also illustrated are one or nore openings 20 830, 830a,
or 834 in the outer surface 828 of the base 800 having a
wal | angle where the opening is in the shape of a
rectangl e other suitable shape such as a conbi nati on of
joined straight and curvilinear lines. The enbodi nment
of FIG 8 illustrates a fluid inlet 810, inlet porous

inner Slageds|cah B ohogerpbasgd py Breetranisg s Geatisg dequitgrgits @B ihe subdrate to be

treatet, ﬂ(h;\é §1§§ IBF 18 <Ghstrkdel tfu@fool %éo?ﬁe | afg ofh& 18ASR %QQ ahd904b of the

Pustrare § proxi mty of openings
base imey mptmnaﬂxd]a@c@medmwhqurbumdnnmwl,l the offgset mesa]s noQﬁnclude

opentp R io e P EiRe 0B hia oy TretPaRLTEabRer i i afa vitoone o

moreRI0BVordREninkd I26URS264 in'ME Base @Ixﬂfwé@m kHanedn 1@ ligle cﬁ]@@m@m angle
flan es 924a and 902a that are offset. fromthe

that agqi the shapeoioprectangle 846 er piher italie eirviingH gharpd26a; arléo illustrated are
one ot ﬁt%?@&ﬁe'n}ﬁ%g %ﬁ thya%h B whit QR%@ §aPR %@the%ﬂ&i}e%%%Qe&%{% %(Osor other

used to c e porous d material that int
suitablg tirvilinearchepedi3 Om@pelﬁ@gmxﬂna ngsblna'tlomhé‘ dseglkoadtapered sides 934

B R e e

the cleaning or coating requirenents of the substrate to
Fhe 10tis aaﬂkastrattoh@f s z@bodimcheofShibmv eraioe hawng ovdiehimedlopenings

eo The, of f set g s 904a and 904b of th ase
1030 B oty pSCovr el e SUEoP Gt A wpehine TR 000.
The d@%ﬁlﬁgst, 103@%%&0&&13&05%& nedLLe illveRaed Mt%ﬁalt}f&u@ﬂ%n@(ﬁ in other
the rotatable base. The enbodi nent of Fi

embodimepd tha PRANTHGSCAN B BIeGRMS oRBifkerest frdgmt m% pe&r 1&@6@ dghg oggnings of
FIG. ?@Fﬁ% gﬁr %Hﬁt@ﬁ@% SMLE RS sﬁx%&e LRALLFERTRBPR bdst fﬂa‘?w@ﬁld%@ located
wa gle t 92

at are In the shape of a rectangle
undepedtk r potsius abd maeurhir othee écvansmamaamdymg ftisoouitdr] sugbgealt02g of the

rotatat%;]eZtEasv](a) @)%fl ?}5’& %g(vgh gg@ryos;]z% aan%;i 8lap§ EISF ming g}tﬁz oglemgg%aé}cf dlﬁa&e%etween
the opamﬁﬁgabbeo €dhi¥dtingNBabors (ke eh&aO>nd Gmeﬂmme \M)ztabalang W1th the reduced
nbi nati gn of wall angle and tapered Ssi

es ar
thlck%ﬁsg 8t thr Mgdeitesn thetpae antiatisrarece of te kase 911%@%5 the I}ffrcsa to form
surfaéen(!hgﬁne?sl\gltﬁﬂge@&trh&’cﬁﬁlchéj{ﬂe}é%vﬁf‘l%l%?lg thel@rhllor tﬁ@rdt@tab’i@ base to

lustration of an enbodi ment of the invention aV|ng

dlstnblvaﬂlq@lﬁé{@@uth@ ceusite ghs bagn 3Gk [ Qiildisiratepihneenbadipmeieobibe évention

o G A0 G5 S GBS

with a holtet dait e endafittiagt Dzmmdl eyﬂlhé iinigr eablilQiedA separat fleid 1nlet fitting 1002
od| can be t sanme or d| fer

sy S oo B SR Sribro R HGRS . oRPEED g gening like

1008 3P Midmicebnd Rl tﬁd'lﬁtateﬂbls%a@ W ir86i8e Bi@Ralkive BB 1024 and fluid
rot at abl e base that would be | ocated 15 underneath a

inlet Benresd§0Pabhipaprepackl cap be geadep cofzgw mptasatilabasey & pyprigly o arocess
tools ﬂwiﬁé ARG ORA8 2 off 6d inlets while using a single mold to make the portion

of the base without drive end fittings, flanges, or offsets.

FIG. 11 illustrates the cross section of a rotatable base or rotatable brush core 1154 with mold
pins 1164, 1170, and 1176, mold halves 1180 and 1184, and center mandrel 1190 that can be used

to form openings or open areas such as but not limited to 1126 or 1130 in the rotatable brush core
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rot at abl e base (pad not shown). The size and shape
defining the openings and di stance between the openings
1030 connecting the bore (not shown) and outer surface
1028 along with the reduced2 thickness of the wal

bet ween the bore and outer surface of the base
elininates the need to form surface channels with hol es

matrix channels with holes in the surface of _the
1 154r H%{ Hpis an Jlsgation of@ typ Pigce bue 8v9 Plgisiteeld vend ingebeeimentspof the
1nven|ttlﬁ§ écgﬁléE% a Fc’é%%bl%gm'sﬁ ué’éy ﬁlbcg)%nﬁlgéf’lgr (?d@g g@;ﬂ?ﬁgﬁl&@g?&/g@tween the
bore aml sirfate of thegptatibie Biugh cd@. tSwenea qicaingbtan Hoas e mald fsuop ae dlustrated

tt 1024 a f
oy 1l TRB R AR aRa E B R Tt PReRg oty el
lllllstﬁwalagqm%alpg (foLe ﬂ?ﬂ’@ﬁlgﬂb’DM&%d&ﬁ'Ps aﬁdfsg &hot ¥gil ko 9O°)11nes

esive, or snap i nto_openin e 1008 at

t he
paralki tﬂ the pide stellepicPrenings Brmed by pasdd g‘b?@ Yagespeetiystpvaglustrated,
each Jgfgﬁioeﬁﬁaz!nrdg%g eeg% g%elngrl?é’ %ng‘o&é%%‘ h gg% 1 e6'3f% gltlgb% g)?g?%éaotg;t 1S
substéigially paaiﬁlelet)yu seffar epy_rom(aassthattbwbis tﬂfmwongoldl ipfatesr émFIGIr i Ivke mold
plate ﬁ?ﬁ%gatfoﬁ%xgsrlﬁ a:.l%k;qh%g-la%(ﬁ‘; %g%%te tw: %%B%} PS@?H} gw CA3F ofd molg plate 1184
the sdphiatibn gﬁls lik slogeline OI760f fASETSstratddGeach nold ping hicElh@Se £4¥8 opening,

Cross ction of a rotatabl e base or_ rotatable brush
has ap gxis sy LiP4an L hiflagor ]p1|7ﬁ§ thed s pubsfantiglly gallel fo ghe axgfligl separation

axis thaJth%%‘?ol&- %ﬁ%sqngio AkBr842 i REREN 1 TRRALE! 2 Wﬂa@ehﬁ&ld%@ﬁng mold

be used form openi ngs or open areas S ch as
pins Widl axerswub%ajltnaby nar2léel oo the 130d pheta depamitradxab lembbdinsntsoditiee

an illustration of a two piece or
lnven%gltlcgﬁ?%t‘%awarﬁp atg i n enbodi nents of the invention
to rrake a rotatable brush core with openings or open
Embedisnchoroffthaindertibo varbetl viethn ptdbéem bbinereasins Bqrid doe thfough porous
tab br ush core

h
pad o aplB i, SE P I e £ R IGO0 P TR bases

with @edlobRAGEpRAE Al cHMA Beldng hstoRinalt@p ¢ BaRerSet BriMAe bite flow at 5 psi
illustrated by P4 and P5 (for exanple angle D between P5

feed prptrune eBodipEnte ghite PrEeYoyvanting san ¢rdivey abent B ditertrer Giie Water
with é(‘@lphsfeég E{t@&%ﬂ:‘ %ﬁh&o Exﬁﬁ&hmég@ o ﬁle]iﬁ%litl Qddl‘gsg the n%rohlem related to

respectively. As ilfustrate eac pi N,
the udfein fdpeg Dfu@tatﬂné@baaﬂ opaxiisgssuitthfoam ok perbas padd ®emjingomatedaé during

tial t
e g A0S B PR e PR B B0, B i
viscopd pireusgdataehianataxals dintiy @lkimgoftgdeos pak bsfokdbpr8auredr t he
[ case of mpld plate 1184 10 the

pl.ane 1158; in .
come%}B%‘i’sa‘ﬂllbﬁ‘eéﬁt??{’{] %é? cé‘lnd??él tp |1?P€H1Pie?%ﬁa Ryetage pR ppigioagof the base

d HRJG éntdle hak
w35 iy i D AR BPERL T SgBBnB or o

rotatabb‘: hah@ ﬂ@psna stsrells ped famang oaterighgjcan faore m&rblynﬁﬂvdbpthzmxeﬁle inner and
outer k%%gs ﬁ%%is#é %f?gf)t%u‘o ebhak é%mb]o:!ilrhtlanlté'l SEhé }n%g’nt%nt av(ﬁreoss ﬁle problem of

providing high ratio of open surface area to a rotatable base while providing sufficient stiffness to
the rotatable base so that cleaning or coating uniformity is maintained while reducing costs by
using molding technology. One would expect that as the openings in the rotatable base were
made larger that the dimensional stability of the base would be compromised. Embodiments of

the invention provide a molded rotatable base with sufficient dimensional tolerance and stability
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pins with axes substantially parallel to the nold plate
separation axis, enbodinents of the 1invention can have
two or nore plates. 15 Enbodi ments of the invention can
solve the problemof incregsing liquid flow through
porous pad on a rotatable base. For exanple under
simlar feed pressure conditions, prior rotatable bases
with interl ocked porous pad coul d del i ver appr oxi rrat ely
for coptigg py fléq:nnp%@f Walerst omaressions efhe gqtatgblﬁgpse grepgde from a
[
them%@ﬁ?@%i;o%g %gzt?[ﬂ% bli%l tlﬁelg % tmr%?ir‘%ﬁﬁqe 1désné’ %@B 'SL%CG @féa of openings;
the bdseean pe medaibpusikgir twrepigceandldd Fnﬂhﬁrsb)onismg]eebllowvwﬂgﬁmina textured
address .th mrelaedto 20 .t he [ il ling of
sufa 38 SR S PR RS ATRELE S5 BTorDy HeopAPhighad or
foam fmfhethb Bhse, tﬂxugdﬂi@emmw&ﬁ@ ttheau pareienEd feh&ofenlrgh B4h 1aRe aGiall
tting of the rotatab base oFenl ngs and surfaces w.th

thwkw@&@w I tepmth gy wall %%l@léwofﬁlmr@ iablasbagerr Py stgeipres greyde a high
Q GRa
vio S8 PR 10O REGHE S ERTRAL 0B kA o e
base.portions of the base and may requires scrapping of the
rotatabl e base. By providi ng | arge openings in the wall
[0t e

BB o B B A I Y LR Btk Mo oPcpings can e

moldeditweh thra sie epenihgceswedn thheutenduafedbirel thasmer funfacclofitbabase can be

.of the invention address, .the probl em,of rov
positidhed § g b S PavsoR Lo ismt 2 P PhaL i Phedin Where
the will Wbﬁieé@oﬁl«ﬂoﬁ“ﬂl&i &the SfohfnfgNERSs then tHehBickkab Bt &a0astheS6tatable
t hat cleanln? or coatlng uniformty is maintained while
u§

base. rlanggrmpleas diustraygd iECng, s verlhigickiaesn i pgying epeb Weyewsurface
330b gg@ ?[5 H?ﬁt:e 383 h&s %ﬁ %@tﬂ&kﬁ&s Epﬁ"ﬁe [r&ﬁﬁ%l%bb!a& \QQFWTVE%fv@een inner
made 1Tty of the

ar ger tha e di nensi onal stabi
surfatradled andwiuttr beface AP8.0AG stedvn iBAIG S, opetisgoiih the $vefacnefthe raatable

ba
* vase G RERE P o oY Rt AR AR Ly SPGB g s

than Bk @aMli thigk@dss vethe F&atatsio E@seygfcﬁlopaﬁnngcah eovide AllighkeidBakitne of
are. made fraoma_ thernoplastic forned with a bl owi n
openiggeiftihe ase- itk Aalso b‘?‘ﬁ?ﬁfﬂ%ﬁlahthﬁ PRt Vel region bgivegn gpenings such as

326 aﬁ@@@ﬂ &Qﬁtlﬁeé NP aseref@N RS 2MRACHOMIHRE At e ttmqﬁkse(ﬁﬁhe wall Wr,
Further’, by using a blow ng agent, a textured

in sowg pmé@@mestsﬁhﬁ wegnean bhlesy bamdAhlead bussena \rﬁa‘tlonw@?/e@slé@ of the
wall t?ﬁ#ﬁcn%ag ér?c[i ﬁ&l 19‘11‘[11‘&t &5 llnﬁl%kthte I?l%cla}%% o(%ftﬁh]lg ?Q% n one egt is

N SONE “enb ons o
about0p2 ninnglsileaAdIrdtaatee a/amlbknetdms abkneds dnnait is Lmeb(pmedttham molded

rotata{urse E it O FEURRS I RGP b B Aes GFeraert BT e
emboldfiferttd SMWHO Pred@e Mveh@dPSith SurBkiom d@ehdidhatiol atare dnd bthsiN L or
coatlrt1g(r) ort crl]eeanln%aosfevvafers. It is unexpected that a molded rotatable base having increased
surface bonding area from a blowing agent could be formed into a rotatable base with a void
volume or surface area openings of between about 6% and 40% that had sufficient dimensional

tolerance and stability for coating or cleaning wafers.

Another attribute of the openings in embodiments of the invention are shown by the non-

limiting illustration of FIG. 8. In FIG. 8 the openings in the surface of the brush core or rotatable
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Enbodi ments of the rotatable base with a high void
vol unme or surface area of openings can be 10 nol ded
such that the openi ngs between the outer surface and the
i nner surface of the base qan be positioned to have a
separation between adj acent opening and or portions of
t he opening where the wall thickness of a portion of
the opening is |less than the thickness of the wall of
base ifpethe @rapé%eéota@%eebasmw@ﬁ%w@gwomg theslergih efithe gotpdpble base
wal ' ' : .
wherGs BB tonh BhEIAPRS S5 AP0 B ol S Sl Uf KAE By g ow o
strip dfivdosed tatzabB28 Has eanitel 1bss\iantibd wektin of thia emall&st spenfreom (Bd durface of

and .outer _surfac 28. As shown in FIG eni ngs i.n
the IS P LR BETPYe TGIPARB @ FOBABE APl e pPRERE T ©
by naevl srig Sflosd Gurfdvle TN lie@d16hOihe AP ES) thed hh£LLWRITE 13N thedvidth of
hi ckness | ess han the wall thickness of the rotatable

t t t t
smallpy deature §eh Dipularinghe epening GupHdo)arn eparajst fom drehipdesdp row (e) by
! . _ . ot
BB ORI S kiR S pbaL .
The diae ptaximigyobypenings nlphe thenoetablerbas@fagilitaen cdseng fiseove potduapad or

t he thickne of, the wall W, 2Q in _so enbodi ts t
foam RGP ORI A eF U R e i O SRR S P BB gy ot Row of
liquid 868 tIf inhdiDord\ell the bdve ¢Kihe S8ter butfade@Mhe porbld p@. exanpl e,

the thickness of this region in one enbodinent is about

0.2. cmwhile the rotatable Il thickness _is about 0.

Seificiept dlﬁ@nﬁa@i b@erewa bRt R oo B £l e PBaS e i

base B rh @I BRI WntHd MR MQhiReron Sidtdr@ el BERMDIOPRB bNESat@ie brush

detailed in enbodinents of the present invention with
core thgffdan bF eombinedinitianearused e awanaipdal snd Bie paytinegitids can be used
) r p A . .
o BERALIR s SL BRI BT 868 i3 ARIRETAE S8l 8 o
casesgra@er filiaard8&s idrossi anvgafaigeinfcecadier d pbeod off tirre whith cammrange from about

rot at ahl e se with a voi.d.  volune or surface are
10 sl GR TS b U Bt ARt oS roA6oh ARRC B PF pieg: BRpval
thickfsERRABUANGA bloWwRb A& e amtbnSibabdfthé yotdtele 6L foash @kponge

cl eani ng waf ers. other attribute of the openings.in . )
mategghRydithes frasures ok the rqi#alla brss soud e apsiindieierecef do thipspecification.

l[imting illustration of FIG S. In PIG 8 the openings

ThOHi i8S WrHRGStfb1d iRe RAH S $27 SnPhay AbSnakb6n AdteriRBS8d to make
into the bore of the rotatabl e base provi des openi ngs

the base eyl Hiuid Agw hatef and jpsetal {eaethinféhrpsmablohesee [t $pane embodiments,
ni 0 o) [ e i
e vRRUSE, ST RS AL BRCRIA oD 105 OPHPLISAD
sometditbdimamtdieis| fess abdan. 18 he awiud 0 .86 ddchbhehi daredasebipoo leninatgrial used
face of abl e ?ase" For

on_the syr he 1ot xaympl e, the
to SRS e E et o8 e el Sup LR B PP BT RGRo R B e
suffidiénk serdyh AR ti@MWest ot e Bbtatablo b8k, TUEhaeRbIchAte dan®s nRldoRgth a

the line (b) that has a width | ess than the w dfh of
predetermined number of openings so that the combination of porous pad and base can be used to
provide fluid flow under set feed pressure to a substrate that is sufficient for its intended use and
application uniformity (cleaning uniformity across a substrate, etching uniformity across a
substrate, coating uniformity across a substrate). These requirements may vary for different

substrates and processes, the material for the base can be chosen accordingly. The base may be
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smal |l est feature 826. Simlarly, the opening of row (c)
are separated fromthe holes in row (e) by a narrow
strip of closed surface (d) having a width | ess than the
wi dth of snmallest feature §26. The close proximty of
openi ngs along the rotatable base facilitate casting
vi scous porous pad or foamreagents onto t he base
during manufacturing and alsofac I1t s the

madedfragp pRpehemeshliy Aeert pAymenc materiplgicd WF‘é GORAkMeEY, pd other

mate%il? P&?ul@ﬁ"@ﬁ/ﬂt Qedhe aFc%EessaHHft}QQﬁé Of the porous pad.

I clent di nensio tolerance, twisting stability,
linearity or other aspects of a rotatable base or brush
Chemisallyingripolimreisneaterfal ngeduliin (3R ¢lesningproressesocan be used for the

rotatab? atsggll dl%uﬁk (ho?e o’fhl unsftngglge gart%{o#lg glr%nﬁngélgsrt%c%% yg?}egﬂtrﬁéemals. In

somef eﬁﬂj@ﬂhmmg;, ﬂfetthei‘lneplaaﬂib @ besgdlyoladine IPelu‘yra)letfmS’efeVHb Gahg palytherized
' fficienc reater t

d | |
ol ascifan Ph PEbircbryir e e A BEEF. AN O U B e & G, In

some%ﬁfkfoaﬁﬁen@sfﬁo%lairﬂ%h 8d waf ainBEIMETH, ﬁ@lpetnﬁagae(m Qith as high-
about 10 seconds to about 10 mi nut es. Changes in

t he
dens1§up¢1mﬂevl%neéélllﬁE)o®e¢wmg§%n@W rdhectivaee; 10%66%1/ polyethylene (LDPE);

i AR PR o A b T O

(Eth}ﬂmtRm}eﬂermectpb@mmtoaPAb;I elnagieyl potdng (BMPljrmdnéyl@mhe (PK);

poly RS e BHSe: (T S PPy Tyt pames i bolyolefn

is poRBtopKlead oﬂiﬁ&%rbﬁthﬂﬁkl@ludgﬁol?ﬁlﬁ Hase @inpieltes, oﬂthéiﬂlbﬁlaﬁtidlﬂlatenals
rate, and overall |ength ﬁe r ot at abl e base.

sonme

containipg llfre ek, s celEGRATHCIEHPTCRFROSIDeREAD 8IS0 bR sHdE emeanimsats of

thergtérgﬁb@?s%%tfﬂ%lﬁvén% es to about 0.5 inches thick In sone
enmbod

ments it is fromabout 0.13 to about 0.26 inches
thick. Based upon the material used to formthe base,
Ty $pang ¢mlesidivesss pélymiss uged for ﬁmoﬁaw@eéqaé%nm@? inspulgithngs ing jegiion

mold?l?] ﬁ}@ﬁé&g%{t %H{)f 1nc§r§>ora§e 10&/!in 1’T‘ttt{5 ?&g‘faggggg:ﬁﬁ% Lflcftﬁ}g%’?the

theranld‘spapaﬁmprr ddebmb mnbe&nmurmm therfmdppaesnc myhldsr(g t’nh hloxmﬂ@agent may

C i hatio ol 0US bas use
bearﬁﬁ%? i Floe“F et @Pﬂ‘f aélam&fﬁ E’ﬁ?%OWIBg gecnt s
polyrtPaéidea enikfiads that isdihde golypidpylede. i ts i ntended use and

application uniformty (cleaning uniformty across a

substrate, etching uniformty acros substrate

RITROE AT B e RiETepk aventop 5t JokTiayted fngiigpattioular type. The

blowiRAEA SR BbBddiEor¥a ik £ah ogblfofi@éeeaﬂtadvég@é‘ﬁ‘&@tfglseﬁﬂﬁle increase
proCesses, the material for the base can be chosen

particle slpdding g»r 9 1Hpr¢@sq3139@n1p{ﬁ)ytrq§§able§, onthel éesfnr obramgles of useful blowing

agen{ét}%ﬂn%fﬁd!a }6111! eﬂg 56’[ lﬁﬁl’té’cﬂg rnllocf%r : a? sSESﬁJsug {'&Jﬁﬁ&i@g}(ﬁ? ﬁ'&%n argon,
neonmebmﬁaﬁdmxmd ankie)rganh«egas&wnh asactlﬂgroﬂm&btarbmiswmxmres of these
The l;fgt S{I;ghggntg gr%t/{'ge a clos%elf structure tgér: 881?%%? R regig leebd for fc’n%%ng the
rotatable base. Foamed polymeric materials can be produced by introducing a physical blowing
agent into a molten polymeric stream, mixing the blowing agent with the polymer, and injection

molding the mixture into a mold such as the mold illustrated in cross section in FIG. 11.

Nucleating agents may be used to control cell size and uniformity in the thermoplastic.
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rotatabl e base or brush core. This can include various
t hernopl astic polyneric materials. In 5 sone
enbodi ments, the thernoplastic can be a pol yol efin.
Pol yol efin refers to any pqkynerized olefin, which can
be |inear, branched, cyclic, aliphatic, aromatic,
substituted, or unsubstituted. In sonme enbodi nents
pol yol efi ns can be, but are not limted to, _polyethylene
II{ odimemtpobige mvsﬁtlond g}nglq\ymg @g%pzﬁypr@wge gq.r@pE)roughness or textured
surfa{@%étégg Q@ﬂl%'sﬁﬁfaog by @E pc}f%t%@)g badd g@sﬂ%bﬁe&ha@%hﬁl ﬁk%ék@fh@ surface
pol ycar onat e ypropyl ene (PP);
area foobyptimpaddenterl cdy tycrbrusl(x Bifawa W[db Ithﬂa’piatafw@rbamor brush core. These

motal AL SRS S 15008 YL 0 FAL DL YRR 501 50 o

structuf¥s By rmdaGith 0@ V@ﬂlb eniedotiable Yake. SIHEQSlz%ﬂi’ﬁ@ §1hz@3€ R et Meface
Iyolefln i s pol ypropyl ene_ or n1xture i.ncl ude
fea““‘ﬁé FipbopglEae by eamai?ﬁ ik CITi e HALRS tée ﬁlé%% agegtand or
artlcles or carbon
nude% &gge%se H{csg% L]Eat nglzmﬁlg e t?‘?]mgﬁ kgg})%gﬁt s of the rotatable
base of the invention. 15 In sone enbodi nents pol yners
Inspees qrafroditents. dhedlausing apiens camrbg/2 polid roided with dke poyiaen fagxample

polyp?%!;?&%l %h rglgﬁ)r %%%Fi{ 44 i u%‘?‘ugd nrh%%ﬁ)%ﬁ%f%c%l %cﬁl%%"/ag@c%out 5%

ormc ose rein t’her nopl ast
by wgghty anet in sbme smbedierhs diomestiont 1 Yietot dventrBdfpl veist t'hc pohymlendndithe

t he ent be a, pol.yol efin, in..other .
mixty e TR SR GRS P St ot by roBicEus g thgbe ltle o
nob&ﬁow@gg%ﬂ%@pylene or m xtures that include

pol ypr opy 20 Blomﬁng agents for use in the present

i nvention_are not d to any particylar type,
Injo8R6 FePosigashts (e Flmowtof 3@%# ithsraeided Wéatﬁﬂé%ﬁfﬁeaﬁn B¢ éﬁ@@éned by

p1a01 h@@k{&r & Btk &Cfencd Qb8 MM Sished B8 36viatRANih idfdkhce between base
ding or an increase in ionic extractables, on the

surfaqreeamdrthe Blamplessifok ameftid lebgtbwil Hy basgdniseme ambpdisicntséhe
dev1ap Hltl 09%21 5 qgghteg Q@ ) &9) Jf% bagé) fsqgsg 'tl%rr{%]%&%% oit%gﬂle§§0 Gf%[‘rB of 1l some

embodrrgamg the @aﬁelSonSlsl s Fhﬂn ahd»um 100)‘1 lincites a0A5ams). dn seomx tmbenhmaﬁts

wherg (i hie o5 REE AT HAR St BT 0BG g TRaler i - ) ofa bse

is les§ MaAbBALt© (2a8@es FOREMY 1P UETBNHbAIiMBiS fHede$iaG@isNEss than about 0.01
produced by introducing a physical blow ng agent into a

1ndwﬁﬁ?9%%mﬁblynerlc stream m xing the bl owing agent with
the polyner, and injection nolding the mxture into a

E%B@n'?éﬁ@srbf Qﬁe SrB&nimbchioh lprsitidad ﬁ)@atélﬂe G035+ 38Rk 10kl Iiborous pad
I't. Nucleating agents nay be used to control cel

or brteﬂhz}eat Angla hxghfr@tmftsyrfm apheing keepepiras e hase argl thagis stable at
tempgrgn@e% ENES 1y ee&tﬂ)% rhﬂ gipr@c%s (grqﬁ 894’[ gnchﬂgg ﬁﬁgﬂﬂ’lm%%]ocesses In

rovi e sur roug
some embodlments the porous pad or brush is mechanically interlocked with the base through the

openings, mechanically interlocked through the core, or mechanically interlocked to the rotatable
base by any combination of these. Embodiments of the invention resist loss of dimensional
tolerances, loss of linearity or dimensional stability of the base during or following molding of the
base. Embodiments of the invention exhibit improved linearity as well as torsional or twisting

stability during and following molding and or post molding finishing operations. Embodiments of
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surface features to the surfaces of the rotatable base
or brush core that can increase the surface area for
bondi ng and interl ocking the brush material with the
rot at abl e base or brush corne. These nol ded surface
features can be irregular in shape and have a size on
the order of the closed cell 5 structures formed within

the walls of the rotatable base. The size and_ shape 8 )
the invgatiog fap Re @1ade less hexrensiply Haanfarphined §rush CeﬁﬁtFﬁks‘ih% RgOPdments

are h%u gn{ QAftFerdR8My Mlé’%t&%’cﬁ B‘l@ls‘é‘?ﬂaﬂgthaﬁégﬂhoﬁg ofdlus ad interlocked

ating agents are utilized in no ero atable B
with brm mdrm vsxdm @nfoamtl whend the baW@xbibaMm@r,ag)emnaé antvheting stability

durmg 8F?&c&w}n§r§g stnflheg sBcih a\hsgﬁucgg%%?or waaﬁmgg ﬁ?’[ )Pétrdel dlsplaﬁ/s
anount of from about 0.25%to about 5% to by weight,
Wathtkefetierve iR FERN2aHE baral$s fiioom ia blmﬂroés%&tmnqiampbctwoof vatathble base

the nmer and the m xture, nol . The a of
or brysp er?ggy gisH to 2Ry ﬁraleﬁwwafeleag i gﬁﬁ?&%llyh%%ends
betwée‘ntat firSt @ 21090 ROWoRY 81d 120 wih&RGhAY: bel dpeRQTG: EIEBOMHF rﬂ%"ﬂcﬁ?ﬁtable base
he anpunt of bow of the nol ded rotatable base can

and lsjéftfmembﬁ@@ ipyer be$wrfﬁ@e 3e Apapptiadly iBustiated in Ef@rle rﬁfét end 210 can
be a {418 Erﬁ&eﬂ,gpgpuggﬁﬁ&{he% {5 98 n%&'b By hﬂlepgﬁmg B4 Qﬁhgﬁmable

ace an ere eren e surface a ong t
Mmehhm@khumﬂsﬂbmghﬂ&ﬂm&hﬂﬁﬁ@h&ebmbddBMEﬁmsmmhéembwhahw@mbeacme

er ba e ess..t han, abo
pin 1G3¥G1 RAEHUS (oLt DoF i SR G BHPRNERHTHE AGEH L 1 been
partidll§ or @8@iplefdn fiBEDHth BrulH ot Mﬁ%mﬁt@nﬁl&5 f&# a cdr8 aSDNBtrated by feature

enbodi mrents where the base 1s forned using a bl ow ng
512 naa&%tS Anependng iathotagabds baps of breffecore sders i ﬁfeaa\fe $1h 45 gpenings

226, 35 LESHL tthQ@ﬂ‘Lu g/qgt%rc.gm%éts tﬂéﬁﬁ% &gaéle B of tl'lenroﬁ%[ﬁ‘?e base bmth the

embodi nent s t viation 1s [ess than about
Ollterlsntﬂit@SZZ@ @f @RS otumple anb Y. Nesbme ombodheleptse>§ dmmvermvemtqumngs ma

o Y P LG 3R b R BN RS 4P

than :ﬂﬁ)ﬁlt %0‘9 B sobr%gmbatihdntabrehtdr Shabbat ars"t expe s@hele@Bodiments
in an ipjection_nolding proces post nol di ng

great?fébm FhowpL/pP otesigumicrgnoe g r%tﬁf%la%ﬁ%@et e PeRines pRyide

1oweﬂ5re§%ﬁf§ct}0¢] sndReRaRH G&lkvitioh 'b?ﬁhlﬁQ @ ch Wk Ehretih ﬁl@%&@ surface of the
hrough the 25 openings, nechanically interl ocked

brush; hinowegte anhwdinemss, theropreinaerndabe y tapaied shanskeay mgfremdhe outer
surfaE% tto%%glgmgr sup$§e ofb[Me ﬁ)?&f%b(i? E@sl n 153@3’[191}6 1st ﬂ%& ateflgp (ﬁg 'sﬂ?&l}teaﬂa for

nventron resrs 0SS’ 0 nensi ona | erances,
opening<84 of FIG. meamd isylsoflhdiraeddy opaling? ﬁanHIGy3 oVatids cbmbi:-nations of

dur | or I | o nol di of the i ments
et 4 Fhe e B BT e A e RGBT Ly TRl gy eneon. The
taperb®bsen@ipalike 834 ¥ S A proviab ithproYedibb g fxikk folnl @WhiRE material
nmol di ng and or post nol ding finishing operations.
comparadde ppEafidedywalled waffle structure slot matrix, or channels that run from one end of

the brush core to the other end.

In embodiments of the invention , the openings in the rotatable base or brush core are filled
with porous brush material or foam. The filled openings provide support to the overlying foam
material and prevents sagging which maybe experienced in other brush cores where the foam rests

over open channels, open waffles, or the like. The foam in the opening in embodiments of the
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17 the invention can be nmade | ess inexpensively than
machi ned brush cores. Further, enbodinents are

i ghtwei ght, dinensionally stable rotatable base parts
that support a porous pad ijgterlocked wth one or nore
voids in the base where the base exhibits |inear,
torsional or twisting stability during use in cleaning
substrates such as sem conductor wafers or flat pane

presedi I1naos suppovitheoyeakymediee. {roerppediments HEetsdheroftEh abrsaAas a
{

Tonm g SO A SR e PP A R o Blimens
wherhtieirotgtablelbeseglids opbaihgsgeinelr mbeyfrax thenmdider shdtasge theanifdr seiface, the

end 2@0 to a ﬂgcong.eng 2%2 (whi ch may be opened or
taper Spih G PP B oY Py BB PEShase  and is defined by the

i nner base surface 214. As partially illustrated in FIG

TRe véitl vehunend tilOttable bdse wallhhwihg atiitlaiess Whatn bpesiedidepanding

t he bore that | efined by an inner surface 214 of the
upon ﬂtﬁpa?%bqe@r%ar@a@%g ﬂﬁrr&ﬁme&feém@n%%ﬁg trrofaiiois basg gt At
emboﬁnﬁenl@é)t'h@ veii&olind HRntes 8NHe fRGaMBLESR WANNIRI@cGRMEnicAIOR with

| ocator. A core of the rotatable base in enbodi mrents of
the b of thevelatablsrbass can thiegeetqh abouh 86 feabut H¥h of Hielbpsegiolume. In
t S ri.al 0
other emh%egllssyql% ({)}él?f?la 5 dphpkcglt?mkl e(gfttg% reoﬁ%%i}g Selté%?léaﬁ éa}ﬁg%nﬁfoﬂf dBout 8%
to abapéntaand m stlﬂatheqtembadhh&nisém ai:roubm% ho elomue 3 §%fod rthfc viobunge of the
feature such as openin 0, 4 t hat i dl
base.; {6F BARBELS S REn g pF BsETarimgr e Ren B Bpgiged tha

undelbl@§ﬁle\Mﬁsh ok Fird, I i€ Kotk oA AR rédBbRIbabdgan Rt falcaklit foas@r
200. In sone embodi ments of the invention, openings in a

spongegnaied®| e base can have a di nension about the
circunference of the rotatable base that be greater

ThO8hkn ﬁ%@% tht5a@add of thd oM BEDRNINE BB mudice@dERith BRMore of the

about and I n sonme enbodi nents greater than
rotatahbrobase qdnl@ngﬁ teheangerfoumblenie f detoofbontyd)% of te aihleutfageerea of the

base ;Irth%n tack, eglr %1%%%8' Erg(?thgr e?n\@fog?nen S }é\@%urpacg?tﬁ 0P th%ro%@mﬁ%ﬂcan range

ron o |qu rom the core
from @bme BYstorabamte3 004, ahdén 210 dikar embodimeasneone Atwd 2O about BE% of the

openi ngs n_have a tapere novi fromthe. out
total PR pETERES i SOR QTP aCe DT G Bb B 0 SO YA Camen R i
lllust’fa@éﬂtlﬁ IF@GI S ﬂhé dudbé ALLOF Y opdiengS UEEAGEfA 305ut DY ofIRENbRE outer
434 FI 4, and is also illustrated by opening 334 in

surfagy Q?;S ﬂe.at weald bei qosifsl ik thehsushior spaige Mg 4lnghgjembodiment
111ust§a§‘Jthe F ks éme%glﬁfg(%%éﬂg&%gé%é& g&g sgﬁlﬁ%%bg)q 9% giggcq%s'rgg Bhi®r surface
1028 méYte greater the ammpnbefaghes algﬁ‘wp trepghe tdver tlearresnreliresind better the

ared to an. néilleg1 Ileg M@%fl )
i e e R e e
overlgig fédm. Bhiealinshe 6pdnend Qrfadteared helrprepuities of kel fieBxAnple the
of the invention , the op enln%s in the rotatable base or
porogiiy iR flewraf ligril from thepore of the rotatable base to a substrate can be moditied.
Some of the openings in the surface in contact with the porous pad or foam in embodiments of
the present invention are radially positioned about a central rotation axis of the rotatable base.

These openings have an axis that can lie along a radius that emanates from the rotational axis of

the base. Where the base is molded, these openings can have an axis that lies along the radial
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Wi th porous brush material or foam The filled openings
provi de support to the overlying foam material and
prevents saggi ng whi ch maybe experienced in other brush
cores where the foamrests 30 over open channels, open
waffles, or the like. The foamin the opening in

enbodi ments of the 1s present invention support the

overlyljg foam |In enbodi ments where the rotatable base
separgen #ds oighgimelsiateuped tp arake ithe relarbisane ngthenepeines i g surface in

contact WY ﬁ‘% H‘EJ ?}:{@ F# ¥af8n k%nl’éﬁﬁlim Wh EEH% és@ﬁﬁh%nt*@ﬁ %feenott nﬁhally
ot at able ba as openi ngs per fromthe outer
posit®uned. alte rmaixdddhetaltabﬂmbaseﬂ,l tHescepentrige cart lape an gxis that kst sobstantially
oi d.vo

SR A S e ) S e A G PR

in FIGe@ gRdhdidly p&@mntadn SviRlc@peMhgs SERRs PIUChré hw dn dh&hér Rathplean
uirements for the rotatabl e base.

openigthsaAe it he Todry pestiswed wbéwrh@%enapg 1ie 3P 4t Bt Briodiments
of th@@%?env\@llv!entt A cfah HE‘% &gm}n%agﬁ wdh n%%%%rm&e% tﬁé ottgl le base

ase can range from about about  40% o
can bemeadb diven ambldnevingriwogldies; areiﬁbcsdmﬁrenwgdim@etsvmrd thaoltwrwlates

of t ot at ase.wal l, can r e fr
i PR st e AT o Ot SR e B MRl PR
be madhnid o2 Bffided frdOHol BS9MIOSidd dt6iol,@hibdeingdntd dTehe Pr@sdt inVBigtion can be
void volune refers to the volune of material renoved
Hquﬁ%HﬁFWFtP@f@ﬂ@BF@“E%§éeﬁﬁ5P underlies the brush or
foam the void volune of the rotatable base can be

The kdt@ablvbidd hRBEY@Mmed HHPNBRHBhAdrAlin thEREntGPENH BB hd¥ing two or
the surface of the rotatable base in fluid conmuni cation

morelates qnﬁém poing thermoplestic etiopplky eopfadnipg 3 blogdng pempitielis mold. The
mold @R 9Erd cgfﬁte r%té%fe%a?@&%usﬁ%g?%g&%g drﬁtg;l Lﬁslecci) tﬁﬁ{é {e@&‘f‘d molding

area o ase I n contact
processrivbelic rﬂmttrss}t trespsngf raaterial nseasbetndtlinterloqi@d wntpsthe baser lasgeme

from about 8% to about 30% I.n still .ot her. o
e Rerah i GRS P dbate sirdRffony gt sppicaton
No. PIUI/USQ@DWZQ@S@fmddﬂpbl bRs ﬁeﬂeﬁh aBfeasite W ftsfbﬂhhﬁy,%d foaﬁ@br sponge is

in the enbodiment that is |IIustrated

used & ALf H@ PperipgTis the wiatgre.trE JpennFELAIESETIETD eff@Fata&bf‘olaﬂse is placed
in a BdLRd 2 FO& &luQ@ @e@t oY Eh% lout? st 86 e Qé&aﬁQ%Sé’\Qiﬂl @oaﬁﬁﬁl'hﬂg a

contact wth brush or sponge material. In th
portiembfite amenings; llnlsg@p eabedinientsthedoam@r spireeSommisreesr sametbe bre of the

rotatagflé;%éa Q%}}d %%logl?ﬁhg ?(ha%p%ﬂh t}%%ooﬁiab erb & | osed outer surface

rea open ‘surface area, the
| oner the pressure drop and better the distribution of
In brhsihopwtec*. Withomafflbg tleoweledrstrbdne is;ﬂatbdw\tsfaﬁﬁlas githdotel éo the bore from

wariG R S M Gl e P AL A B P LT R gy the
may h&aenll elippoxaniiver$ing highly compliant brush or foam. Brush cores with channels
along their length that are empty may also not evenly support an overlying highly compliant foam
which may become compressed during use further restricting liquid distribution along the length
of the channel of the brush core. In these prior art devices, the foam or sponge does not occupy
the holes or protrusions into the core, rather it rests on top of the holes or on top of waffles or
outer brush core surface. In these prior art brush cores, it is possible that during rotation, no

openings will be positioned over the substrate along the length of the brush core. Embodiments of
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25 porosity, the flow of liquid fromthe bore of the
rotatable base to a substrate can be nodified. Sone of
the openings in the surface in contact with the porous
pad or foamin enbodi nents »f the present invention are
radi al |y positioned about a central rotation axis of the
rotatable base. These openi ngs have an axis that can

long a radius that enmanates fromgthe rotation

the roaaéfﬂéle bse of e MEssat inygidion nayeermRswt p Atk YRGS Weté%wall of the
brustORe8 iR v LA ARER &%M ﬁofg *}ﬁ\the'wa@ﬁoﬁﬂl@g&e tﬁﬁbsameﬁ!s ofbhe

separation axis of the nol 'ate used to nake the
plesenbmmrabln@rm@eaccess hfethecmemll ﬁncgs therbqrmg eyenyfsatface nacess or opening and
becatfs';a] 8%% eé%r\gn Furlfarcl:e are %Bg{ﬂlzgspcmref‘sg% rsrzzﬂnlge do‘alf;;(:)ns’C)l%i Pgrcl) Efgantpylﬂg}peded the
flow 6Dligled fiontthé adik r bas esSthelspaie soiFed idgsntsanvithake s@tral Further, in

t hat |s substantial |y ﬁarallel to the radi separatlon

emb%iae@%? the, Bresgt H“’ﬁ’l“é‘t”ew Gt FhecRERH ROty B@Fﬁnﬁgé q ipRey foarg core can
provia@ s ﬁgﬁ% thel Ber h& fo?th% oFerl il ?clallry bﬂﬁ&?ﬂhﬁﬂ QReis tH@éle@trate

openi ngs suc are not. 1n another exanple,

openi ng like 326 |n Flg. 3 is radially positioned mhlle
Thpoaspenbang ot Remagungdsormenldedeni ouF mahedimen therhespis dewred from a
a [
singly B S L RO RS THEPYPLEPlo GO AR laflibeRRRNER he rotaable
base. hlansbomg etnbodipxieatsegl,e paruas pad sonddehdnda ihrdasessucb thet ithaterlocks with
i ke brush .core hat have on

the bRge EERie ST e AR SgS 5 GoF W 5% TETIORFRS Hhiligotatable
base, 1k figoiRRh iNetoingWid@dedst 9 Pbitieh 6 thaiohd oSinde: teé bgmngs In

‘embodj ments of the &resent i nventi on can_be nade
somegghgdingerss, thePorrye Pre fums @ ceredwitlyp thegntataplfcbaset at abl e

base can be formed by placing a mandrel in the center of

The PN A8 of ¥nRHise aNRFiSyRIE %f)@rﬁng'%rk%ﬂ zﬂ:] 56 hbNehited to_channels,
thernopl astic optionally containin ow nhg agent into

slots,ton etheptlasedshepes mslwlingbut ot aited/ %@ngs réptangtes apdigoas, rounded
rectalliggec' %llgjrseé,l%'io% \/\E epcil(?lr 18 Hgé & hc%gstred)éhegj%g 9‘10 uﬁ*n%c%%%?na%orqy é)fth 0d.

and i nterl ocked MAth t he base. In sone enbodi ments the
Th@le apabhgs daasbe pbsitiqnhedcabduti the surfaot df ths r@faablle ﬂ)b@dﬁrﬂd@xtend from an
ern at.ent a USZO
outer s T Ra WEP GRS SRR Rge (RIS AT R By, | e e ofthe
openin@q iddidisPMe @egleSof ths sidew a1l 49 wéll 4 e e EB b s opéhlf@@n the inner and
rot at abl e, base. In sone enbodi nents the rotatable base

outerjsurfyfie.d dhf basecan brhaserie PE Vs ANTBomBHloaefiliosi! e thupagin the
openiB¢ foa3CRLATatd RS RbRNAR £10RRESr WablinlLaMibid dA0indedn, the

portion of the openings; Iin sone enbodi nents the foam or
openiggberyeal o p Algapa agdwell islopeshéestrired abfvutW@msrthettast aiprexipaisty or

s QTR EILEEK, KO, LRI 8 TPLEPL B P Py v
openingd. f [Tas radidl kepaadties aki of He dad @ldte éﬁ%nhally bisects the mold plate. In some
molded embodiments, the openings can have a shape and walls whose slope can be chosen to
allow molding of the rotatable base with one or more openings from a two piece or two plate
mold. The angles for these sloped walls can be referred to as draft angles. Embodiments of the

mvention include a mold with two plates, in some embodiments two or more plates, the mold has

pins for making a rotatable base with one or more openings with draft angles; the openings
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waffl es wi thout holes and can restrict liquid flow.
Further, because the waffles are enpty, they may not
evenly support an overlying highly conpliant brush or
foam Brush cores with chanmels 25 along their |ength
that are enpty may al so not evenly support an overlying
hi ghly conpliant foam which nay become conpressed

duri ng us fu th restrictin UId but i I
provide ga epeeRy! P e ARt oSt ??é”* B‘Ph‘?ﬁj % %°W=|°f?‘{aﬁl% g0l me
inside Bﬁﬂ%rroﬁfatbléj@a‘éé EESporbitepaiQRANhObulsPAREEe SIS rdifhble basepy

l'es or protrusions into the core, rather it rests

on top of the holes or on top of waffles_ or sh
In sayme cobpdimsats of HeinesEops the rotmleEaewslﬁcle%erségﬂuaafﬂx qpenings that
L& | AAShWel adn R\ that
can fOH‘H%?l 91 dr%@%v%ML}g&g dg&%ﬁoga?%s% Qgersgg aﬁ%}en FhiVe.zn 238 that is

appro;bfrjaﬁdlly GMLtbstaEnMKydxamﬂalts tiod z-28is of He pdalteahéﬂ ldhed@atb%r%zftablh base
i nv

imo oG GG EnCBFA CRUR B5POE T of B B POR- o SEPaiiE) Llpt e roambie

base ofBidsh ¥o! OA Firktplirhiey WabperPhgstii eheCrotababldbaae dﬂermﬁh&d(mﬂorighele half
present invention provide access to the liquid fr

cylindhesleshelf pesfienpf thebparcuhiter eseand plughibn Piples 016@1%3‘8@8“%516 second
U @B piRe% fluid
R
flow cOﬁmﬁlmxratlbn betuteon theensp ngavesu bberce’ thawotasailabasewind An pHiET surface
h{ e. Further, in enbodinments of the present

OfﬂwFW% f-where the core is a foam material, the inner

foam core can provide support in the openings for the

V&ld &bluhelig operdny e shltiphiat be dmigﬂcmsthtcheess uf)thte asee . InFhme
core or base can be machjned or nol ded.

e : .
embogimsp RO YOG SE TSR A PGP BTG R FHboRsPings hile

€ vAYh SR PioAdll Heaﬁuesaam e d
numnﬁ?kgﬂgﬂﬁﬁtg%{ﬁgﬁrgﬁgfggﬁg@ fgﬁbase(ﬁf% sgﬁe enmbod t meUSpa
matertah@laptbuemsxdpf_am @rm pridgousht dn soree pabedinigaly thexell ﬂtwkness (W) of
the ba!BeD %%{Jﬂ% ° gaen Q rrélgls %e Hﬁa%%o#ép%ffp%%}sgg%g{gﬁé gﬁ&@? e wall of the

base. mtﬁdaabiemsed)mammm tipoomnsrgadt thatoeathide kaaagmthhtnnaze the pressure
east a portion of

e .one e openi ngs. In
d“m<§6h%déﬁﬁ%ﬂ?ﬁﬁﬂ@§3p¥ﬂgﬂﬁ6Fﬁﬂ Cb%gWFBqﬁ%fﬁ ‘core within the
rot at abl e base. The base can include or conprise a
ON@EMBS Hmeht SRENINRERiosYEh RS Batlind\@ie drinfire {atitdsmhamaﬂn hebsd to
15 slots, or_other closed shapes |nclud|n t
form 4 fortellg bags. éiheimpld platessar SARYPEE anyBrSF gface W@uﬂ%ﬂ more mold pins,
the mglﬁgﬁﬁﬂgﬂv@ an Eg SR % su t&ﬁ%@lyﬁﬁldﬂ@ﬁo BePardiiéh ARYhal Bis&Es the mold

es I ncluding co |nat| s of these. These openi ngs
platesC a]mehmolp pit¢si can éd cabbined trhea sunld somaksf a wotrselobase dbAtdias a drive
roman oute

e, SR o e FEoEA 5 G PRSP R

1nterc§ﬁﬂ€l@€édqu ddR&r nReBp GRS fhrieddigi thegmohepiangliesopehinghdistribute a
idewal | as well as the shape of theogﬁﬁﬂjng on the

liquid frm@,thqalﬁger surface of the base to the outer surface ase

Embodiments of the invention can be made by molding, machining or a combination of these
operations. Generally the openings between the inner and outer surfaces of the rotatable base can
be divided into one or more groups of openings, each group of openings lie within an arc

described by the outer base surface and the rotational axis of the base. The openings in the group
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20 outer surface of the base can be chosen to provide a
uniformflow of liquid fromthe pad in the openings to
a substrate to be treated. In nolded or machi ned
versions of the invention, sphe openings can have a
shape and wal | sl opes described about an axis that is
approxi mately or substantially parallel to the radia
separation axis of nold plate sg that could be used to
have gy a5 thebis sypeatiady parghiied t? adnafhatlisestsibe ave faxthe sppt fle portions
I
deso B P S 3P L e B SREICR R, O B prbff BB sugfaceof
an arqvaf the budeass havaopexcathathesubbiosail ytmarallel tooviimeohaibingete thetane for that

a e th one.o re.openi fro . )
port bR el R BRI T R e R G st @l Tl grenins in
the rd’t&bﬂ)lé beRtal®e aan‘l@ﬂn@td tw gﬁﬁl @!reaéht ds’%&%ﬁQ a aferbigchesmnt © th

i nvention includ 5 ates I n sone
rotaﬁeﬂ% @?ﬂ}smﬁrge%%o‘rblrwﬁ@né 1 bi?»&) eEhe ‘?H?émﬁdll 0 g a gEpupelepebed by an
r&oat; t i
o APt Qs Btate M 1y 1B, oSSR PR R
substan!ttlaﬂlgrpmaﬂbldwthealmw 1|1|58Bthn’eb1w$séhe an bmw&stof’ pd &30°falopgythedfase.
The olé)lglglg}lgg 155 g 1% ﬁmﬂ%% gég’ dCFGSCé*lu re%l Eg éurl g{; eegl of g qt ?60a out the base
1154) n"hlfscgg@pecrmlémngsrmas/e @h akib €nak rs\saﬁsttmrauy bhhfellél(lb ﬂie&bﬂeﬁ 1bazsmat
InC uaes a p alit enln S 1 can orn1var|ous
bisectpriigrare ‘aﬂaﬁgsatdﬁ%a 0P Soa dsicircfiade anqth e dFEHpHgEmPle, o

rotatdACkhsBaYfd BP dR¥ded kB Rhred §qua5g1%9f5’sr &Y @ﬁhgi éﬁc@fn assed b arcs, for
substantially parallel to th aX|s of Fane

exaﬁmlanr@ﬁé@twm P de d2A@bbewhasB2 0P mld)%QNo ahébﬁW@yﬂl 24(&’ rtp éé®° The
opem‘%gg n tlsi? % groo tv%r Q{f :?V-QL% aQ s id %Lt&%?a%lg&ﬂ%ﬂipt%)%tl nt% %t bisect the

base or
first ga¢ at G°] dpentdigs apdaisagad e wddd hotcahaklsehdasabanetidlyiparalelto a

: | ong one hal c dri cal rtion of the bas
tine e SRS somieip il g Rbie iR BowE Ml B arongeeve an
axis RGO BehstanBhify Sardiien e d G thahdebt RO fHiicoR: af30ohe base. The

hol es or openings in each half shell provide fluid 10

fl ow communi cati on between the i nner surface or. bore. of

Mqiés fopthsiraigfablepasecaniive p ceigapansigl o fogm thg berg ghat mold pins can
contaEPt'ﬂ{e@Q&@ pRA%En h¥R e ¥a@$é‘(§¥%ﬂf§rem%eﬂ OrREAd B fdvRlly&r more

by l'ength or thi ckness of the base.” In sonme enbodi nents
plates nsl apol glateotfiipemold dah élaweﬂlldmg@ aacd reHd plate iomlmmmtm ef the

cyhngehr%héf &Fne qug]tl 1219 b\é\gqei olr%ruvﬁ] mh% OC%IH‘I%I‘I'[S %F e 1n efnthIiI th dhe mold pins

ness o an optlona
in a rin1t plade thar fors tlﬁmﬁj:)eﬂlﬁlgﬁhét@/ea:mﬂhe &lhtﬁcetahé bbne(qxﬂ lthi rbtacibie base have an
cross or. throu odi ment

axis (118 RESEmtRgs Oobstbli g agiaBA 4B 8 CrLee Pieeh o the gl plate and les

alongd A€ LiAE WU a6 WP BHeAHSd FRER D B rALYREREBY frbMeeati@bthe this is the
the base. This can be used to nmaxi m ze the open area of

radia} jppanafiem b PEthp sendd plate. e piis A€ therpeolg pkadashgvie an axis substantially

parallel to the radial separation axis of the mold plate. For a two plate mold where the mold
halves contact each other at 0° and 180° along a circle describing the rotatable base cross section,
the axes which bisect the mold plates and allows the mold plates to be radially separated from
each other would lie approximately along lines passing through the circle at 90° and 270°. This
is illustrated in FIG. 11 for a two plate mold where the radial separation axes which bisects the

mold plate lie along the z axis 1158z in FIG. 11. The mold pins for each plate have axes which
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drop of fluid across the porous pad that is interl ocked
with the base. One enbodi nent of the invention is a nold
having one or nore plates that can be used to 20 form a
rot at abl e base. The nol d phates can conprise an inner
surface with one or nore nold pins, the nold pins have
an axis that is substantially parallel to a separation
axis that bisects the nold plates. The nold plates can
are substagtatyi naeadle] torthisz-axis of redalraRresationragisatla Blecapmele thiegplate mold,
Nd 4 A
wher% &% en?olcgg ¥e§ cor@tggjc eaal é}tjlr#élx'raq gﬁ d‘écl)(l),l ¢ grrld fs‘lﬁf falacJZl %%Fe %@%@@ the
rotatablecbase momr sceotnme dteeddlbysepmn@r axep whichpesering s nfodd peds hxyl allows the

ore g Bl P ST 2BL S SR B b P

passih@BrAdH Ehe cEfUP@ﬁBUE Nnts9° gfd 471, Fov@Rior ek thAR nBd PRES 1RYmold pins
nol di ng, nach |n|ngyor a conbi nati on of these

woulg b@s‘r?dtﬂil ores sulgsiamaiaty paralieldo Bsd; mgkl Maiewedinl seprsatioareis, Rig@ther
two t?(?#l g{ate%%c}‘u%ﬁzﬁfegﬁn Lhe sﬁ&'&a@h%@’e RER t’ﬁ@rl] ‘bzﬁlddﬁw ﬁsﬁi plate radial

one of Nore groups I ngs, eac grou
separatpxmﬂmgsestécew]/yl Maldshmvarggourde sware blates koyuldla@odmtsemldnb@enﬁgured

and LIB%CLf aﬁg) shog t%?%ﬁ%{tg)gabﬁf%éﬁgﬁg%{i&g ft%ﬁ]i’eht?’ gF fhe thermoplastic
mateSAIRSE ﬂB}Elbiﬂt}l’ ¥f thahilld ih th@erdl | some vhfi@tondh SieciasalleNeriétfion of the
for the group. The portions described by the arg¢s can

axis gfAhempldetasyh sEpest i e gl aw@raéwn EPHIRYES P6fens Iy PSR
embddﬂn&ﬁ?tlﬁ VAL R68 chfl bff Fess Lk I?tie%r 7S [ron argﬁ’a Navker 3Mb8Lihnts less

IS substantia par al | |ne that bisects
than # H@raersearfdon stihather gobedimantptess then i degeabllbe Isaseriakion, the longer

| ustr. d n _Fl
e g ERR i obr KR RO R R BB RE b it o
groups, each describing a arc with respect to the
I the abdeafialtwayplase bk gresedld f@nhobtatdbSban d:iasla’L&éﬁZe)l ma‘ﬁkiel that mold

) enin 30 | in a rou descrl d

pins GRS T hE Bt pioh i Bl e S ST e e FRT T B Mota

form§ABalPBy 1Y ErSshbM 8F thie Fotaf¥RHaddr bhsdh)eoRA rﬂle'pﬁﬂls 1h@a<tmo1ldlm form the
1158z that bisects the arc between 0 and 180 along th

openiggs Bave amgais S i wr%llzetGIYsorﬁHb%ﬁ%éparglﬂ% liptheeseis Qf@dﬂw that
d1v1d§§10133re ar § & WERDo é&%ﬁ)ﬁ@ gf t%@ %o‘ﬁ?ﬁ%&i Hﬁa talg?esl%sé' OTﬂf;é:‘\é’ne BBl &es the

group o openi ngs have an axi s t I's substant
rotatipaarl akiself thegotatabld haneorlirsgrcarhathe m@lsl@mss:antfmm@nbe‘s wetband

witn gl RGeS p D Bl e BB IGHT and SO R oP A b B
1nclu&ﬂal@1 ﬁogﬂﬂhh}ﬂSn gf ofSmexips g th @ﬁ@ﬁﬂmgﬁﬁsﬁ aﬁ)gleeﬁﬂh@lSmaﬁ & made in the

anpl e arcs bet en 0 to 12 etmeen 20 and 24
rotatabls (S AT N FB° H6D.2 tYREISCH 5@2@ niRe 355 Rfihe ppenLte @ gﬁlfomed froma

two M@Bélrﬁjolﬁl @f{@th@ﬁnﬁ%ésﬁc ttﬁ@éna'l SD&MRE A O brdhe YleRMiRY bethelRerRoplastic
line that bisect the 15 first are at 60, openings in the

matetjaleod desibditnolthe nteld pingnateridl ssomeapriationsin s avalieh prigatation of the
axis &q{u?hnloﬁil piltlsowﬁh respect to the z-axis or radial separation axis may be present; in some

embodiments the variation can be less than 10 degrees from parallel, in other embodiments less
than 4 degrees, and in still other embodiments less than 1 degree. The less variation, the longer

the mold life and better reproducibility of flow characteristics of the rotatable base.
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line that bisect the second are at 180, openings of the
third group in the third arc would have an axis that is
substantially parallel to a line that bisect the third
are at 300. Mdlds for the rmotatable base can have a
center mandrel to formthe bore that nold pins can
contact. The nold pins can have the sane or different

shape. The nold ca ave two or re 0, pl at es .and h
Digapgeuior B Lafl Haseamsd riraro SR (B aefifoase
and di tgirgm% fﬁli@ﬁBﬁlEﬁ’@b&E td Pﬁ, sgbfs!tﬂa&q%ﬁngg@&ltdd. HxatriplesloPlyati Al Baft angles

e or brush core. nbodi nents of the inventiaon, the
(A, BfD) tHatwambe farmed imle ¢mplodinesntsfithe wiaithlpbassenshega in FIG. 7A-B.
bet ween t he surface.and ho t
S

of opdnfhgdfh @ ibsseWF¢rlexBing RCT Santl T8 aredlirtbs pngte tanaatabledasadpenings 726
the line which allows the nnlq | at es, .t

be. i
and 7Aigareat ey 1 FAY Bah DeHfore Rl 1< ¥RIbOSepiigs G 72d or 726. The
non~1i§]§t§?%&hft 188! 13 sﬁ’ctwﬁ &Rk _11943 1eand_ﬂ) endPBNSo@! THRecADIndting

ave  an axis substantially parallel to the radial .
draft SeleaC &t shown aslptsvenb linhe T nandPipindtCe 7980 Thg nopadingting drafsmgle A 1s

where th d al v ontact . e b :
v SHEADE I Lo BRI RIS SEADARHIB 8L BBt or
invenﬁtiﬁfitnbﬂﬂe ﬁpdnh%ls g)ﬁﬁlﬁat\l\éﬂsﬁdihekﬂrsfe ﬁﬁgéf:.h’iﬁ}lldmiaﬂ aptlatces V%mydilong the
. allows the nmold plates to radi al separ at
cirourgiREOO TP BeIa8 SR 6 ek oY o4 BRIGTSb L1 s TG 74
lines lf’llj p%ﬁﬁ@ P%Q@ sk irﬁer@éctigg t}%’;ﬂa 33 ol BBt a3@les S I bihbiSdriwid@eent,
in FIG 11 for a two plate nold where the radi al .
lines BieParad Pomanke parahi¢lc horypareldel sortans compingtipn at thege, Vhgrgadine such
t Xi s z inFlG 11 '
o L AR ML S 3y TR PR 5 3 e gt
90°. T &iZfoaieopeningaslichlas slepairafiG M AaR ios FIG Nl It lecssaniellp pamallel to the

th | at | d, .wh h | I t h
i LS Bl S LS oL U 52,00 FELL S50, one

DB SnSIBE Il 104} thdsB S péAtisdan BERAR A bOfioAX @8t have a
featub 3 BpASR hAREVCLAR A pEAlsRlan BERAVEN OMiof @it hav

thicknssalessthrothoéhiclausanf deqyarasabiaibase dit eal s diuspted By rgll portion
725 o fPERLERO LY el A8 BB EEL eo e

surfadel AtRSrotaid16Mse, iptdrporatioubih blawengr ganiaxesthe ulastrahformingthe base
_parag%el to the 30 nold plate radial separation axis,
providesstigpers o 8‘["\%3‘;%‘% St A WS PP HETE pi n axes
substantially parallel to the 150 and 270 nold pl ate
Ak @flis@thted SEPRY. 2l | §18s axA%s 786 PRLT64AvRbN thd\iledml tha\hayoldoI80 can form

or nore plates could also be simlarly configured a dm%f
openingwig 4 frstehtbodithrervfaally basse/ 5ﬁrﬁﬁérﬁﬂil®wﬂ.ﬂ°bé§a_%?ﬁjgﬁ@ 5B of the
mold?%&g éé i:o t erg?gs{ iﬁ%hé DL APRIIASTE thE rRaBR b 4. Wknings on the first

It e nold pin material, sone variation in
and stdoad palf af thelmalds emttataligned ftaggrred axdfsebfromtpacinpihgr. phlzough FIG.

.Lh.respect ta the radial separation axes, ma
1 and\é%lésgﬁﬁs TRtG OPENINES Fat 13Ve Dne SERR apes a?ongsthe c1¥cutﬂ%erence, the

openings are not limited to these illustrations and can be the same or different.

Flow uniformity in embodiments of the invention can be determined by applying a fluid to the
inlet of device with a porous pad slipped or cast onto a base and applying pressure to the fluid.

The rotatable base can be positioned horizontally and containers placed equidistant below it to
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enbodi nents the variation can be | ess than 10 degrees
fromparallel, in other enbodinents |ess than 4
degrees, and in still other enbodinents |ess than 1
degree. The |less variation,28he longer the nold life
and better reproducibility of flow characteristics of
the rotatable base. 15 In the case of a two plate nold,

the nold for.  the rotatable base h a center nan%&Fh.
collect fil thes K RUETcian oBBHR G ShergeTBio b &SIk PRONAE] iffg the
contaiﬁé;rg‘f9 Nggtl]ﬂé £ 62580 nhyaR Qe FRGR it @810 foththfle BRI edvhitRE&Bv Ry

I nder shell "of the rotatable base or brush core.
depending uppmtheisivead gte bast ahd thatresblotion ofithe {lopenpasgrentealadalgn. Where
axi s, that.js..approxi.mate I su ' .
e bagaPyhe Bhid AR B IR Flthe Yp Y HBLR TP hnels B ke biner
may bPAEdd t0stedhinktge digtkidufid, uhilemiiol atdhibwe riaseion Diidgpidaheugh the

includes the 20 rotatignal axis of th rotatablﬁ %@s? or b
porouppadkinteslgpked Wil thebpss- filsdase FSHesiRHY ghioATL R WHPGG! base, can be

rotate%ryﬁ%su%n%n'is R a@%’ﬁﬂi&wtalﬂ Walhdn é%fO, bne g0 Ot A R RS Rith respect
an e t

odi nents of e Invéntion can include any
to a refoemepaiiton tof cybipder dgsaveiagh vahid ofitherfb adessfthe egiviners, and also
t be made.in the. rotatable bas :
e g e e T R e
or esséaIB dnffb@Miguid How dRivRies byles thaichboher A0 dslid measured average flow
materi al . Dependi ng upon _the flexibilit ?f t he d
at oneyCR @1 BHESTIEPCNS RERBFTAF DAL FoFsk Fl Py ches B spg gmbodiments
of the @#&nﬂ@x& £h#bm RNV BliFRh lidhid REwRRYRl ®lss Blah@Bb@tt B of the
of the axis of the nold pins with respect to the z-axis
measuped ratigalfloveganani ooraxfseneapobss prwbes of peipts gexpss the rotatable
base enbodi nents the variation can be |l ess than 10 degrees
“fromparallel, in other enbodinments less than 4
degrees, and in still other enbodinents less than 1
Aldegick embdhiendness theainivattionrbave beenl dengibred withehepdrdus pdde foam, or
and better reproducjhility of flow.characteristics of .
spong FEiTEH AL GRERSRL SiF o3P Hors AU b e BB R acet
based @drdl 1AL §rveRRG BhbOMnRdd {oheis iRdiehiap! etrRs cdmhedh then or sponge
rotatabl e base and distribute fluid fromthe bore to the
materiglpghatroan de it pymeldsa e, thexeinpble Hasst willappeaings arupe used in
o8ty B 13080nf 8o RERY) A0 TR o
substrategind ss lewinlpertibeker mbigot ané badiheeextaciableesntamatangs: ¢lhe foam or

approxi mately tangent to the outer surface.5 qf. openin
spongg RER ReVepiaslect PRSP Bk SHRITE ST TRIR 1S °A) B° el fglRee L8
volunleQ halrRRk B/pRasefoapanitbess ¥Akh radtbe/i3ed bR Gt Menyt lilitad s

P1, P2, and P3 are parallel to a wall of openings. |ike

polyvingbagstaly pelyurpihane, RoBsacHitaih §O W EFEneapRiy delmy, 0§ thenin
relative to lines Ti and P2 and B X90. The non-limting

A%%a%ﬁa%%ﬁ%g}lr, Cerfhd B SHO¥hE ShRhi¥EcdnDd thHiasd dstn 2R81d3thAand rot

e non-limting draft angle Ais shown relative
require gideiantion Tremove PBotatakle dpseffromadey mold. Moldphaving maltplgplates and
side agtgdn %@J%Qgén%@taﬁd Qrforé cbo tly than those which were used or could be used to make
embodiments of the present invention. Another advantage of the molded rotatable base of the
present invention is the ability to make drive and fluid fittings that do not protrude into the core
which can lead to less uniform fluid flow at the ends of the base. Further, the large openings in the

rotatable base facilitate the flow and distribution of viscous foam forming precursor mixtures and
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10 invention include openings with at | east one draft
angle. The draft angle can vary along the circunference
of a rotatable base as illustrated by the various
openings in FIG 3. In FIG26/A, Ilines Pl1, P2, and P3
are shown intersecting the plane 758 at right angles. In
ot her enbodi nent, |ines P1, P2, and P3 may be paralle
non-paral l el , or_ any conpbinati hese., Were a

reagengsabwuglaQlwepwgw@he jofatple Bafreaﬂsl"é‘??l 3sdnig V\ﬂBP‘I‘S r?é thqetfmf*h
n | o xtdi@n add
fommé%fibl#h2“5??%%?@%2@%&%%ﬁ%‘ﬁ?&?"e@iﬁfﬁfﬁ?ﬁ FlG A B
incompleteMIldng.11 |ie essentially parallel to the z-axis such
as 758a or 1158z that is perpendicular to plane 758 or
| ane 115
Vol fradgPodt pLOR T G BRI Gy B AREHLORRCE Bithe RANing
non-lipRivie@maplebat have a thickness | ess than the thlckness
W of the rotatable base 754 wall as illustrated by wal
portion 729 of opening 730 in FIG 7B. Thin wal
portions allow | arger openings to be forned in the 20
surface of the rotatable base, incorporation of a
EXlawi g agent into the material formng the base
provi des stiffness to the piece and surface texture for
ThROBEHPY: i11AGtdd tHe bquatied driesdchallyldnifqpinovs ofhligsd TEOugtnadporous

764 f th hal ft |'d 780
pad (B )4 0rt & R aiehl oot GO ogAee 7, PRSIy s
detemﬁ%f%gf}gﬁ B FA{H 8 (REMA gf ﬁ@llée Wi b B@rouﬂ?&@ca@%’t@ andl@an

openi‘n In"the second half of the rotatable base 754
rotatalilp baseria hod opéréngsi wigh a Pghantl wheon (Henerited 1 Exaraplgg) Base 1) and

cons G g PR, RS0 1o A LB B v

below i/ @evadtent Opechfi’ distatiap escaleontuit et dowed treughnbeporbhepad and
openings .are not limted to these illustrations and can
rotatallg basgeand dnte thy cfARE-ent . Flow uniformity in enbodi ments
of the invention can be determ ned by applying a fluid
In trableNeveld W] t8he Rfin d¥haE pi’éﬂsilﬁe & iR PEiURA BacteRlivP P&t @rs of the
cast onto a base and applying pressure to the fluid. 30
contaiffgreziven @t Al angibe deviesn Ig@d B WRomeuFrin 2 forWalprat room
ai ners placed equidistant belowit to 25 collect
1BHme%®%%d that flows through the openings in the base,
t hrough the porous pad, and into the containers.
Mul tiple containers may be used underneath the rotatable
base which can vary depending upon the size of the base
and the resolution of the flow neasurenents taken. \Were
the base include fluid fittings or portions of the base
wi t hout openi ngs, a subset of the containers 5 may be
used to determne the distribution, uniformty, and flow
restriction of liquid through the porous pad
interlocked with the base. The base, especially in the
case of a cylindrical base, can be
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Vari ous aspects of the present invention will be
illustrated with reference to the following 5
non-limting exanples. EXAMPLE 1 This exanple
illustrates the equalized opgessentially uniformflow of
a liquid through a porous pad (PVA) cast onto a nol ded
rotatable base froma two piece nold. FIOM/unifornity

was 10 etern1ne ppl yi ng. a othe inle f

THoREE SR PO BRI st s ol At Regteal sigpeot
avera%éésf@r hé %nt&%@e%@ﬁﬂid&gﬁmﬂsgﬁbs@hdﬂs QtB)V qhe rés@lts!ffhe calculations for the

escribed in Exa ase appl ressure

data o G Foble ek (B3 29008 o Gt 8 S A0 Lo AR L] SBAb 0TS Bid B
f
(a2 3 S RTER B R, 265 R LPYY 109 5T bR Rbubage [ C

por ous pad and rot at abl e base and into the containers.
THE51 el;ttlts‘lfﬁﬁ)dtx@te]htﬁe bong restrivdon ® fluid ﬁewo&nnl& theropss arcas ¢fsthe hase. The
g nd t relatlve 05|tlons g thebﬁ%pntaln qi%en

result gl isiraih i QY E107S PRSTES f By OACO ISR Y  Unifot
d1s‘crﬂ’iﬂtfoi"[‘o'fT ﬂflﬁ‘lrfrd‘i@fﬂﬁfroﬁ&ab‘lé)%b th REResRle ld)f ﬁle pZ)?ous dac_l' Th@ @ne’i@r thbre

Mcn Nti' +A/o Nvi r V]
openigygs iythggoidedrantable (b@sqiqrﬁylé@a nqunr_p artgl lgrqstxgpt@ @stnbu@gq o%‘lmd
from %e r_SEratabQ palt ) the gutsﬁe Gr Begordﬁs ?)ad. ON'-0-cnm 01Q

EXAMPLE 2

This example illustrates void volumes calculated for various embodiments of the invention.



cal cul ate (pressure,
for the center five cont:

aver a}ﬁ%g

O0O0O0000 ~7 ~h ~-O1O0O"7 000 O0Od- OOOOCV

ONd N~-C OO-+ .fl d 0~00010. '"O00CO HOO
ONO NNNO-V ..y OOO70NG6400<rv V OO
OM'd r. ONO1L"" "~ "'39%~ +r'i f." OOOONO 10
VNi 1 V70 ao600000-0M V1I'n 'N.~i mMM
~ MNNN28 The results of the tests were al so used to

percent stdev of average)
poi nts (positions 2-6).

The results of the calculations for the data in the
Tabe are (0,92, 9P S BBed)T (023,595 7, 7. TOhgedd). 6T
Digpfackd “171. 0, 25.9)] and"¢1. 04, 1079c%6M18 6) A
volu@si@ehl Vel y. 54Th_e .resul ts illystrate littlje or no
Segﬁa&”ltwon 19 fTrurd TTpggACT 0SS Thggpen areasggksthe
' OD 1.390 1.320 1.000
. Length 11.710 12.070 12.250
Vol 10.647 11.603 4.423
Section 2 ID 0.500 0.500 0.500
OD 1.390 1.320 1.000
Length 0.540 0.580 0.400
Vol. 0.713 0.680 0.236
Section 3 ID 0 0 0
OD 1.390 1.320 1.000
Length 0.153 0.280 0.469
‘ Vol. 0.231 0.383 0.368
Section 4 ID 0.490
oD 0.925
Length 0.400
Vol. 0.193
Total 11.592 12.859 5.027
Void vol. 0.913 3.401 1.061
Void vol. (%) 8.57 29.31 23.98
Relative flow 0.255 0.300 0.133
channel length




results also illustrate that the one or nore openings in
the rotatable base provide a uniform distribution of
fluid fromthe rotatable base to the outside of the
porous pad. The one or nore3o openings in the nol ded
rot at abl e base provide a uniformand unrestricted
distribution of fluid fromthe rotatable base to the

utsi de of the porous pad._ 10 EXAMPLE 2 This
The wsuE% Pateble ¢ 8haw comagssy i velumss &g Vﬂ@?tlwawacb&ban?s that range

ot he invention. 29 Table 2. Base 1 Base 2
ﬁmnaggggg%ﬂ¥{%§u?géed 10.68 9.46 3.97 volunme (non Section 1
| D 0.880 0.720 0.735 (OD 1.390 1.320 1.000 Length
EXAMPLE 312. 070 12.250 Vol. 10.647 11.603 4.423 Section 2
I D 0.500 0.500 0.500 @D 1.390 1.320 1.000 Length 0.540
The. @aﬁ)lpd)a illogiratasshe flow AisgritgutiogGrom 2 36ro8epad gna ®tateble basep The

P 00 b ks R PO R A s 88y, s o

metho@ oﬂEQamM@D3 with 323 thitRiedk ofl1.260RcA, 8BOdEidddAd an approximate

calculated void volume of 5%.



Void vol. 0.913 3.401 1.061 Void vol. (% 8.57 29.31
23.98 Relative flow 0.255 0.300 0.133 channel length
30 The results in Table 2 show estimated voi d vol unes
for various rotatable basegythat range from about 8%to
about 30% EXAMPLE3 This exanple illustrates the flow
distribution froma porous pad on a rotatable base. The

5 rotatable base has through holes and drive and fluid
fittin that intryude into|the |core. Using the nethod
of Exa%le 2, withlwalll thiickngss of 0.204 inches, this
devi ce!.Bad @nh appr pxi m%.e cal dul ated void vol une of 5%
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NNOM ~-6\0CLN HdNMCCL QOC C NG O
O00O'Ce Pi - NV\O NinF5Nti O NWON (~ ~
~ NN 32 Calculating the average for the center five
containers in the Table 3 afmove gave a fl ow average of
132.7, 123, and 104.2 mM/mn for the liquid water
pressures of 2.02 psi, 1.15 psi, and 0.5 psi

respectively. The standard deviati.o eyfcent of _the
Calpiftagdns Bt i parerti GootbHen e e Ahayegavog flgw average
of 1322014225m8 1095 iNBintBF 88 1RLRSSMESSessBreESAYBR st 1 T1Bipsi, and 0.5 psi
exanpl e illustrates the ‘equalized or essentially uniform
respectively dhe stahdagdideviatimmsgipescepbeidhe avepas fopihacontgsfiveogpminingrs was
de t-at.abl.e b n enbodiment simlar to FIG 9).
25.7, %—g)%\ﬁng%g?of rrﬁ%?f}lreﬁl\éégsélé%ér nmned by applying a fluid to
the inlet of device with a porous pad cast onto a base
EXARPLEMd openings with a high void volune and appl yi ng
pressure to the fluid. The device was
This example illustrates the equalized or essentially uniform flow of a liquid through a porous

M
N

pad (PVA) cast onto a molded rotatable base (an embodiment similar to FIG. 9). Flow uniformity
was determined by applying a fluid to the inlet of device with a porous pad cast onto a base that
had openings with a high void volume and applying pressure to the fluid. The device was
positioned horizontally and six containers were place below the device at specific distances to

collect fluid that flowed through the porous pad and rotatable base and into the containers.

In the Table 4 below, time is in seconds, liquid water pressure is in psig, and the relative
positions of the container given (1-6) along the device. Fluid flow was measured in m}/min for
water at room temperature. As illustrated in the embodiment in FIG. 9, the bases surface between
flanges (without openings) on the base fluid inlet and drive end portions of the base would result
in reduced or no liquid flow. Accordingly, flow data for this example was averaged over the four
center collection containers positioned along the base. The results in the table below show an
average flow across the open portions of the base (without end point collection container flow) of
208, 216, 326, and 323 ml/min at pressures of 1.63 psi, 1.52 psi, 3.37, and 3.76 psi respectively.

The standard deviation as a percent of the average flow ranged from about 9 to about 32 percent.



Table 4

10 positioned horizontally and six containers were place
bel ow t he device at specific distances to collect fluid
that flowed through the porous pad and rotatabl e base
and into the containers. In3xhe Table 4 below, tine is
in seconds, liquid water pressure is in psig, and the
relative positions of the container given (1-6) al ong
the device. Fluid flow was nmeasured in m/mn for water
at roomtenperature. As illustrated in the enbodi nent in

FIG 9, the bases surface bhetween 15 fl anges (w thout
gﬁenings) on the base fluid ijnlet jand drive end portions
Gf the base would result| in reduged or no liquid flow
Agcor dingly, fl ol data f o, thi3 exanpl e was averaged
et he four Fénter*col?ectrﬁn g¢ont ai ners positioned
al ong the base. | The [resulits in the table bel ow show an
pvrerage—ftowactross—thegpen—portiions of the base
(i t hout end poi nt collecgjoncqontainer flow) of 208,
P46,2326, and 373 nilgin|at p/@ssyres of 1.63 psi, 1.52
8i ~3.37, and 3776 [5si nEspectively. 20 The standard
devi ation as a percent off the| averlage fl ow ranged from
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These results illustrate that there is little flow
resi stance along the length of the base having the
openi ngs. The results also illustrate that the one or

nore openings in the nolded t at abl b i t h..draf .
Thengra T BHIG b HERs BOTLE T FO TRl mERt EBAY Of CE I ghaving
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. The one or nore openings in the rotatable base
base withdviftiengimorenarss @naviidd 4 yoifominfdastributing: affvéd frendhegptatable base to
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essentibll} USiESBE &8l dhestedendiszEboti@r ofehise foiatht yotutabledrsa tb tiomowside of
a liquid through a porous 10 pad (PVA) cast onto a

the poieig Bihed rot at abl e base with one or nore openings. Flow
uniformty was

EXAMPLE 5

This example illustrates the equalized or essentially uniform flow of a liquid through a porous
pad (PVA) cast onto a machined rotatable base with one or more openings. Flow uniformity was
determined by applying a fluid to the inlet of device with a porous pad cast onto a machined base
that had openings with a high void volume and applying pressure to the fluid. The device was
positioned horizontally and six containers were placed below the device at specific distances to

collect fluid that flowed through the porous pad and rotatable base and into the containers.

The test results are summarized in the Table 5 below where tifne is in seconds, pressure is in
psig and the relative positions of the container given (1-6) along the device. Fluid flow was
measured in ml/min for water at room temperature. Due to the possible effect of the inlet fluid
fitting and portions of the end of the base without holes used in this example, flow data for this
example was averaged over the four center collection containers positioned along the base. The
results in the table below show an average flow across the open portions of the base (without end
point collection container flow) of about 236, 221, and 188 ml/min at three pressures of 1.4 psi,
1.42 psi, and 1.38 psi respectively. The standard deviation of the liquid flow as a percent of the

average ranged from 13 to about 20 percent.
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determined by applying a fluid to the inlet of device

Wi th a porous pad cast onto a machi ned base that had
openings with a high void volunme and appl yi ng pressure
to the fluid. The device vs@as positioned horizontally
and six containers were placed bel ow the device at
specific distances to collect fluid that flowed through
t he porous pad and rotatable base and into the
containers. 15 The test results are summarized in the
Table 5 below where tine is in seconds, pressure is in

i g and- he relatlve posi tions of the container given
’§-§§ Iﬁbg t H&: device. | Fluid fl ow was measured in
'/ m'n for wat|et ai~room tepperature. Due to the
possi ble effecgt of j[thejinlef fluid fitting and portions
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results illustrate that there is little or no flow

resi stance along the | ength3of the base having

openi ngs. Therefore the spirit and scope of the appended

clains should not be limted to the description and the

preferred versions contain withip this specificatioq. PY

CThaspesviaillupizate et fasee lsiliﬂecﬂréﬁorﬁ]% regjstagpmalpag the length of the base
c I.SLNg: a rotatable base of thernoplastic nmateri al

IMY%EEEﬁE%QE cl osed cell structure, said rotatable base

has a first end, a second end, an inner surface and an

oliheefosutht apiet anchwopantthe appknded deingahpalclawt be limifed to the
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openings that distribute a liquid fromthe inner surface
of the base to the outer surface of the base; said
openi ngs each have an axis that is substantially
parallel to the z-axis of a;plane that divides the
rotatabl e base into two halz cylindrical portions, the
pl ane includes the rotational axis of the rotatable

Clailbase. Claim 2. The apparatus of claim1 further
conprising a porous pad interlocked with the rotatable
base. Caim 3. The apparatus of claim| further

What Grgiim&d i8g a por ous pad cast onto one or nore openings
of the base and interlocking with the base. Caim4. The
apparatus of claim| further conprising a drive end

Claifnl It t | A apfarhdi cdmbiifing: aeodiabiedaseaf fermapldstic mbtefialtthat hay aon

sai d second end. i mb5. t,hod compri si.ng: | di a
clos el BT a8 8% T Parengs il B RS % iRl
oute€ QIFREE; SeNgherakd cvdr 8@ fREELHthamotatable bard idtercoancdtertibly d pluealitynef

Qne or nore 1 d plates. and sai | d pl.ates havin ne
operipes 4t s MG Rt B mEoRE e frase B i e e
base$ bHid SfefingHéach heeveaf it alal B stias@tialBiathllelad ateakixe dfapniitust

a first , a seco end, .an i nner_ surfac nd an, ..
dividgs g roelgp e ass it g PiE S Bt e prae BEuER hetBuyonel
axisloftRr&eakesised by said one or nore openings, said

openings distribute a liquid fromthe inner surface of
the rotatable base to the outer surface of the

ClaifrPt. at ahd Sphass oSahicth MikfefoRPriklay &p@buspal snterlbokddanithi taé | y
arallel to a separation axis of each said nold plate.
rotaigplgibaies. The nethod of claim5 where the molding is an
i njection nolding process. Caim?7. The nmethod of claim
5 where one or nore rotatable base openiggs i ncl ude

Claign 3f t Thasrpretys o8gaing Biriheromprsiag b BT RO CHHBRP SRy MUe

opeﬁﬁﬁs%f!ﬂﬁ}ﬂa%n@ﬂﬁerﬁfckiﬂ@ﬁ@th%&%a@é, said nold plates _
conprising an inner surface with one or nore nold pins,

said nold pins have an axis that is substantially

Claied. al el af3raths SERRNAT FhePotPribingh iRl @A HtiRaRmRaid dird end and
nmol d plate, said nold plates conbined to forma nold to

a flyiq jodet Fittingog sih pesorhd¥ having a first end, a second end,
an inner surface and an outer surface; the inner and
outer surfaces of the base interconnected by one or

Clawbi-e dpaethotepnisisingdnelging airefatable hassifion 2 weldaplehemanstic
matQIjia? 'i:&h}?ﬁ}rﬁr{% aaol(Lviriﬂé’ 5&n{ R H&ﬁl, bADRbLd having one or more mold plates
and said mold plates having one or more mold pins to form one or more openings in the surface
of the rotatable base, said rotatable base has a first end, a second end, an inner surface and an
outer surface; the inner and outer surfaces of the base interconnected by said one or more
openings, said openings distribute a liquid from the inner surface of the rotatable base to the
outer surface of the rotatable base said mold pins have an axis substantially parallel to a

separation axis of each said mold plate.
Claim 6. The method of claim 5 where the molding is an injection molding process.

Claim7. The method of claim 5 where one or more rotatable base openings include draft

angles.



surface of the base to the outer surface of the base.
Caim9. A nethod conprising: contacting a substrate
with a liquid froma porous pad, said porous pad
interlocked with a rotatabgg base formed from a

t hernopl astic material that has a closed cel
structure, said rotatable base having a drive end, a

Claifol i dAGR@pardil doRPEEing Wrhae Ea\&\r[gcbna Br m@ﬁétp@l’tesS siid MeH; pldtdze
i nner and outer surfaces of h% fﬁﬁ gter onnected Q
compyisipgAT ifer §Rriasp @ifh ARGOT RS MO Ripsy Fa el @éﬁsglat't Yeaxss e )élmsm
substadBally el cPidlafsasaatioh atib@ial W§edls %@dh&aﬁ&hﬁiﬁd plate] fael mold@lates
surface of the rotatable base, . sai ni ngs ea h have

combifedyie fornp pold tg H@tﬁ%f%ﬁtﬁl%tqss/haagtga rrénen & SEFRRd £odyyan dnngg

surféte aﬁ’(.ll ﬁ{‘&térriﬁltfac@' Mé B8 dnb ButeOhudhal bEhEBSES itéttehnkvved hpdie or
cylind rlcaeégortlons sai d pl ane j ncl udes

more pReained frimedRY spidynold pinsy Bidargynes disidhute aa]tﬂ}“‘r fgttat‘terfantr he

surfRQLPHR bQS%QO 'tH%toﬁfel‘ aekedomhd hasé.he rotatable base in
contact with the substrate. Caim10. The net hod of

claim9 where the liquid coats the substrate. Caim11.

Clail{ ¥ n@xtrgagod)conﬁylrﬁ'n c%nt‘ﬁ&ﬁlrg% shib\Erate wiittiadiqaiad @4 poSuPRd, said

I nterlocked with rot at abl e base renpves particles
porcus pad intrelogksn sttlttlatretatabip Bispiarmed Agmagytherppplagis piere! Higt haga
closg@éﬁtsﬁg%tﬁrebéﬁieroﬁtabﬁ taeRR b Asid SndBAGH bAd, an Sflkeflsurface and an

base has an axi s of rotatlon an outer
outes srfage:dhe ianerjand eytersyriaces f the pase intesennaectaddiye Migpkity of pesings

that la%‘trmgerkaﬁl 1¥q:ufdsﬂ'on?@1g 1A B SEFANT o8RG Bhscltd the roﬁte@@&ﬁt:@ of the

base, rst end of the rotatable base has
rota@pemam sanih preningecdsh heve anjasis Bt is sesrapdalbpaliphto étﬁ« Fraivet a

plan%l‘ﬂ}{aft ﬁﬁ/?degthgtrgtgtaﬁlgt)?s% aRb G ylisdical poftR)B@tsng |pﬁ1n9 #Rfudes the

eni ngs between thé outer surface and inner
rotasmat adeoighe tortraéahl@taaq, ahd wtating the poroepasieiaileryed with fcaptatahle

mﬂé&@g&ﬂgqgﬂﬁﬂéﬁ%ﬁﬁM;faces of the rotatable base divided
i nto groups openi ngs, each group of openings lie

within an arc described by the outer base surface and

C1a1 hﬁ) r th ttﬂe%alof 8’121(1‘[1?9 ﬁfu%rg he ltﬂﬂl‘ﬁ%oatg fag s@o@?me.ngs in each

have an axi substantially parallel to a
I|ne that bi sects the are for the group. Caim1l13. The

ro a
Clatm i St Zlgt]ee kt-haoég)f a?lén% %H‘% é‘% it % afid L% %gg %&Q%}(éac?\?ﬁt}bﬁe
rotaﬂ'dbec aed &inalbdsepabimbe from tid albmalez where the foamforns a
core within the bore of the rotatable base. Caim15

The rotatabl e base of claim 12 where the foami nterl ocks
Claith 1h tAreartidt admalsengbagatable base of a thermoplastic material, said rotatable

base has an axis of rotation, an outer surface, an inner surface, and a bore; said bore extends
between a first end and a second end of the rotatable base, the first end of the rotatable base has
an opening into the bore, the bore surrounded by an inner surface of the rotatable base; said
rotatable base comprises openings between the outer surface and inner surface of the rotatable
base, the openings between the inner and outer surfaces of the rotatable base divided into
groups of openings, each group of openings lie within an arc described by the outer base
surface and the rotational axis of the base, the openings in each group have an axis that is

substantially parallel to a line that bisects the arc for the group.

Claim 13. The rotatable base of claim 12 where the openings in the rotatable base are filled

with a foam.



Claim 16. The rotatable base of claim 12 where the
rotatable base is a nolded thernoplastic mnmaterial with
a closed cell structure. Caim1l7. The rotatable base of
claim 16 where the cl osed %SII structure provides one or
nore roughened surfaces on the rotatable base. C aim
18. The rotatable base of claim 12 where the

ClaitaNar moR) Beiabk bhtdf YRS 1 2whte e fgara @emk a corlwatihin thObord bifthe
rot at abl e base of claim 12 where one or nore of the

rotataiehshgs has a wall portion having a thickness |ess
than the thickness of the mall of the rotatable base.

20. e article of clai 2 wh %» S rfgce

Claualrléa Blve rpﬁebtspbé?ﬁ AHgeimpdt Wt ﬂt arg Htt% Cksswtﬂf‘ff 85“%%510&6 ase.
i nner surface of the rotatable base is between 696and
40% of the total outer surface éé

Claigi5; ¢ e r9fetablednsn of glalip dt évhsretttﬁratat@@rbﬁ%te%aaw dH’FHt%aS“C

]nm&ﬁp@h@gaogﬁkgﬁﬁﬂm&ng outer surface and inner surface of
the rotatabl e base is between 6% and 40% of the total
outer surface area. Caim22. An apparatus conpri sing:

Cla1§1 1ot @B@Q{a@dbtéacﬁ% ik 86 WhReasd diSscBdIBfituahirel phitiddd Bfc & more
closed cell structure, said rotatable base has a drive

roughered surfacps orih ietasablehfge. an i nner surface and an outer
surface; the inner and outer surfaces of the base
i nt erconnected by openings that distribute a

Claifyl§m T horofasirbastpficher 18 fvhersdhhemoplasticecleise a Plo%lr% age-
of the base; said openings each have an axis that is
substantlall¥ parallel to the z-axis of a plane that

Claighi A9 d&e totptableigsenfziin 18 adere are 6T MRS ok Hieforedjngs hay 3 wall

portR)‘ﬁrhE{IlQ%? thu{)kggss Rls 8An {n8 %H&%scs Jrbe wAtRtHeQh@labi@Bhse. Of the

rot at ase; ere a total surface area of the one or
nor e openi ngs between the outer surface and inner

mm?:ﬁiof. aqfie %ttclg BFcLElfht @t\ﬂ@r@a Q"taa? SurkRe Q@é M\ﬁﬁyo&l{ %@Ejet&&ﬂotﬁg outer
e tota

7 outer surface area o sald rotata base.
surf@leaingrin@ex. sullthes of s aptatebls bate it beiyvean®o ndri0bierf tesoaish pusrivfage

aredPOF OUS pad interlocked with the rotatable base. 40

Claim 24. The apparatus of claim22 further conprising a
porous pad cast onto one or nore openings of the

C1a1 Oi Lat élgg grtubrl%%?clglglal% \!vllﬂatrg L |;o‘?:ﬁ %ﬁfa% %tj% %ﬂﬁe %ﬂl%?pét@eéﬁ4§eeouter
aratus o claim er conprising a
surfah’d a\mé irmaigsuffagetaf thg ratadblg bhdels betivedneo and 40% of the total outer surface

arca.

Claim22. An apparatus comprising: a rotatable base of thermoplastic material that has a
closed cell structure, said rotatable base has a drive end, a fluid inlet end, an inner surface and
an outer surface; the inner and outer surfaces of the base interconnected by openings that
distribute a liquid from the inner surface of the base to the outer surface of the base; said
openings each have an axis that is substantially parallel to the z-axis of a plane that divides the
rotatable base into two half cylindrical portions, the plane includes the rotational axis of the
rotatable base; where a total surface area of the one or more openings between the outer surface
and inner surface of the rotatable base is between 6% and 40% of the total outer surface area of

said rotatable base.

Claim 23. The apparatus of claim 22 further comprising a porous pad interlocked with the

rotatable base.



fitting. Gaim26. The apparatus of claim 22 where a
total surface area of the openings between the outer
surface and inner surface of the rotatable base is
bet ween 20% and 35% of the 4pot al outer surface area of
sai d rotatabl e base.

Claim 24. The apparatus of claim 22 further comprising a porous pad cast onto one or more

openings of the rotatable base that interlocks with the rotatable base.

Claim 25. The apparatus of claim 22 further comprising a drive end fitting and a fluid inlet
fitting,

Claim 26. The apparatus of claim 22 where a total surface area of the openings between the
outer surface and inner surface of the rotatable base is between 20% and 35% of the total outer

surface area of said rotatable base.



