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1 ’ Cl eani ng Process and

Appar atus Field of the Invention 5The present
i.nvention relates to-a scrubbing nodule for clea
substrates and net hods thereof, |ncI udi ng but notr”"’nw “I |’ "Immmm
l[imted to di sc-shaped substrat of e eoron

mat erials, such as to glass, al um ni um and srllcon ¥

Hovivs - -

_Background of theCléa/rﬁngiRm:cb@sBm Apparatis

el ectronics and entertai nnent industries use nany

di sc-shaped substrates for the manufacture of

qii@ﬂ&f’fﬂélrﬁehﬂé‘nt s. These substrates typically

conprise silicon wafers, alumnium plastics, glass,

ceram c and conposite materi al s. For conveni ence, the :
terials referred to in this eci fi,catj on, wi

Bie biedelt verfion trins GiasetbReimoutRyo? fisaning substrates and

Crﬁé‘@tbbd&ﬁerefcw\/\iﬁ&%rng?_ﬁuﬁnbt fnitad 1o HistlshaSe@BObSEaEE VT varying

of the invention he substrates undergo numnerous

pnaiedslse such agde glass: alumigium aodwiliosd. r epeat ed

application and renoval of conductive, non-conductive

and sem -20 conductive materials of nagnetic, optical

zaubkgi-gmmcbfqrm Ie@kntioheri al s. Duri ng manuf acturi ng,

the substrates nust be buffed, polished, etched and

cl eaned repeatedly. As the trend in substrate desi gn

| N

oY, EiRpulsh BleRoflch' @i bhiE#idiient RS u8k many disc-shaped

rstbseratesofbr $Iuﬂnsrtaratfastuaé ob elemwoaas eiscuitsn Thaski sulds&ates typically

| i cat drrut a%ﬁ_r crrcugﬁs requrre extre e}/

S€u P'at\été "y BILPIRAIT %%'Cang%&%e‘f%ﬁ%c nd composite
dﬁét%ﬁb% Widrl catverforice tReYmhRMdld defefred #EH ﬁﬂ§e§becrfrcatron will
yi el d, an increased productron time and an inferior

rdrsmusstalummrumwr glass. This is not to be construed, however as a I|m|tat|on

on the applrcatron of the invention.

The substrates undergo numerous processes in manufacturing, including
repeated application and removal of conductive, non-conductive and semi-

conductive materials of magnetic, optical and magneto-optical materials.

During manufacturing, the substrates must be buffed, polished, etched and
cleaned repeatedly. As the trend in substrate design inclines towards
mrnraturrsatron the level of cleanliness required dunng the manufacturlng
-process of substrates also increases. In particular, complrcated ‘multi-layer
circuits require extremely clean substrates to be fabricated on. Otherwise,
defects will arise thereby leading to a decreased yreld an increased production

time and an inferior product quality.

One known design of a cleaning module for cleaning aluminium discs
comprises a cleaning station having two brush cylinders arranged adjacent to

each other. The two brush cylinders form two central longitudinal axes that are

*G00002*
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30 One known design of a cleaning nodule for cleaning
al um ni um di scs conprises a cleaning station having
two brush cylinders arranged adjacent to each other.
The two brush cylinders formtwo central | ongitudinal
axes that are 1111111111111017 |11 *G00002* 2
parall el .to each other. One or nore al um ni um di scs

- pegaliel & each githrrd Onet owwvnra BiMinsine discsare toery armadgad ibetween

35508 Gl 4 B1 58 50 S G4gREBRLIS o cpposte

yddsdetie digkatoanab® dledneel WheAIAe Wrligle dyiddrs Udtdial about their
axes. 5 A first disadvantage of the known cl eani ng

AesRecdivedongitdinal axg§. not satisfy, the increased |evel

of cleanliness as required for nodern applications
(for exanple, mwniaturised integrated circuits). This

- iAsfitst dissivahtageaofethednowmtisahirigetnodale sathht #inday abt satisfy the

aiiPared lovel of alerBlin R o5 eV ies oy medeinapricaianster example,
RhRELSSRF iflegated  c@RYY Thid\isS Bé@afhedtrféﬂav&ﬂbfﬂ%n%fca between

the known ¢l eaning nodul'e is that it cleans a limte
e@chesidefof eantt diskewithnith@iraspectiveebrysbr cylindemhiss nos maximised,

S PR Fackle ol dhtec)s 5 arbiel 485

restricted by the dianmeter of the al um nium di scs.
Further, the contact between the brush and disc is

fepergnchdisarkaniage £ the kpewndHeaning reedulprisdiatriugleans a limited
ﬁ&@&owgﬁﬁgrét% u\{/iln'ﬂn eé]tdail{/:% gie‘?igm % i%is 55’.%?89%% 3hé n_number of

to ensure cont et ween
laluraimiumsdiacs dwing clddmedr sisudameeusiynby dhe ttive Bivsh tylinders is

t he cl eani fation [s'significant. 20 In addition,
 eReinigieg Y ﬂ?eeamn?ﬁdeheﬁﬂleea@aﬁewm ﬂgSCﬁagumre e gANtste: between

BRI ALOR meralfid dllcBAHRTASIS RGN, e IR must move
cleaning nodule is that the alumniumdi Scs are _
slongvesdi foelthe t erdite f diameterf ob the isa ire andery tces easinen fulb contact

BRFLOS o5 BB Ao B oAy - restlt e ipiodrieer rme Hetpestine n the
¢iddriri e statioh 88 Bighdicahet | ons sand during | oadi ng and

In addition, the known cleaning module generally has more than one cleaning
station. A third disadvantage of the known cleaning module is that the

aluminium discs are progressively transferred from one cleaning station to

~another cleaning - station individually. Accordingly, this results- in “idle time”
25 -

during transfers bétween different. cleaning stations sand during loading and

unloading of the disks.

- The present invention therefore proposes a cleaning module to overcome at

least some of the disadvantages of the known cleaning module.

Summary of the Invention
A first aspect of the invention relates to a cleaning module for cleaning one or

more substrates, comprising one or more brushes operable to move along a
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e T ey

unl oadi ng of the disks. The present invention

t herefore proposes a cleaning nodule to overcone at

| east some of the di sadvantages of the known cl eani ng

modul e. 30 Summary of the Invention A first aspect of

the invention relates to a cl éni ng nodul-e for

cl eaning one or nore substrates, conprising one or

madial pathsretelatins tdothe swbstrate. &oorgample,atieatiearing radule may

R Tble T b e R ek senGB L3R At iy G35 o
cl eani ng al um ni um di scs. Preferably, the brush nmay

be adjacent to a side of the substrate so that when 5
fFhiefesablyh thbeush Baxrhes agdisseotin aeside of e substrate: 80 that when

' j f u verl a . : :
355 BERUTIRRRE R e YA, 3 s e of e
brintt ovéntaps prefresperttingpoatioreot thetdibsobentd dshtaBiBdch other.
may further conprise a substrate rotation device to
rotate the substrate when the substrate is in contact

i ' p [ t S T ;

19,1, s i P | S8R, ockd Sy ey comprice o
shhstratecopation deviceto paaiepther substratdverhah theasibstrate is in contact

B sErypling ARy b clubigirat Feiatondevice may

cbmphiserdtatabfe SRaft BbGHIEd td s Eéﬁﬁlﬁée’rg%gftﬁ?%é RId48 Bn8RYibstrate.

al so be rotatable to maxim se the a ,

dbisumanegrpnt ithe wirfacee areasef the stibstraterdpeimg: cleaned by the
4 | S odi o brush provi des an

ggﬁ@glﬁéﬂgﬂg@émﬁb@%%p%r%%”i%@ﬁgdr i ne contact of the

| ongi tudi nal prior art brushes. This may provide

k:)o%%er actual, contact tjinme per unit area, than that of

heferanl

yi (Rl Breeh bMayhalser beneotataiie rtes maximiser thire asea of the
%/ %E:bsﬁﬁ?ef. qgﬁhlsy embodiment,

e substrate”na € operableto

- thet brush previdesmandiarea’ comtack cas bempahed apphsiling contact of the

R o R S5 o R <27 por

unit area, than that of the longitudinal brush for the same residence time of the

disc within the cleaning station.

Preferably, both the brush and the substrate may be operable to rotate in a

same direction, so that the opposing frictional force between the brush and the

substrate may more éﬁiciently clean the latter.

Designing the radius of rotation of 'the'brush to be greater than or equal to the

radius of the substrate may permit the portion of the substrate beingv cleaned by

. the scrubbing portion brush to be optimised.

In addition, the cleaning module may also comprise one or more peripheral

brushes for cleaning an outer edge of the substrate, and/or one or more inner .

brushes for cleaning an edgé of an orifice in the substrate. This may ensure a
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Designing the radius of rotation of the brush to be
greater than or equal to the radius of the substrate
may permt the portion of the substrate being cl eaned
by the scrubbing portion brush to be optimsed. 30 In
addition, the cleaning nodul e 4my al so conprise one or
nore peripheral brushes for cleaning an outer edge of

tHigheulestlr oft deanlirdserofane substratee THig @fiaypbeUresulfieF applications
Qle nj napan edge . of. an orifice in the substrate. This

¥'H9 & miniagrigadion| of jtegrted CHEHIS - ness of the

substrate This may be useful for applicati ons

‘involving the mniaturisation of integrated circuits.

A secomdi aammalf thd wt»teetlon\reiattesnto a enethed dfqnosltmatri@pme or more
mpr e 5 brushes, during

osi t,i gni e
B8, HuBhs B kanita BP ohsc ROt SubSHHERC PR RriRiBY the step of
$hewng fthé®yiisHalohg DAl FatANe rélahéﬁ'té'th@%thfré‘te The method is

relatron to the substrate. The nethod is nore

gaetd patigvlagly, buina @wclelﬁmeus|fore¢lgzanmcralummnr@scs
alum niumdiscs. A third aspect of the invention
relates to a nethod of cleaning one or nore 10

Alhkird aispect ob e iivigigiohhelgteeP® &fmBMOdNEf eranfig BRBCor more
brushes along a radial path in relation to the

{ratase cCaRPrising thgpeRg oh meVing BNePIpHPts Brushestaleng a radial
e h e

A o Selelich, REME SRBRIANA ARG bictheiin 3p sEfUEEIi pBytion of the
dfrush vithrausdrrespamdings postion d3hé sabstateespondi ng -
portion of the substrate, the surface area of the
substrate being cleaned by the scrubbing portion of -
e rdiatisd tHRYu RS r-0 WHErS 81 scruB’biﬁ BSHIbY of ihe b'i'i?éH"'S?erlaps with
of" cleaning the substrate may f her conpri se
dhecosrespondingnporting mfrthwhsulastrata; thes sutfaee area fothehsubstrate

I5HY PeAHeB) ab8 el RGP R 68, pptiisec

rotate in a sane direction, so that the opposing
frictional force between the scrubbi ng portion of the

ﬁrﬁfﬁaﬁlﬁdtﬂ%@e&h&%ﬂ’ gleaningsthessubisirateymay further icemprise the step

{Ta iRg: thé %?ué?t?ﬁ% g{us%l tﬁgr}:{rgg Jf rtl“:fe %Hhﬁ)tbrlﬁéﬁgﬂmﬁ of the brush

er~conprise novi ng one or
ﬂerdphnnghhbsubﬂmmeadjacent to an edge of the
substrate, and/or the step of nobving one or nore inner
brushes adjacent to an edge of an orifice in the

WQ%rFB&ethé Brtﬂé‘ﬁeén %ﬂ%&trét%"gitat%f in> %&H@Hﬁecﬂon so, that the
cl ean ess as nay be require ri escri of
tdp@oen‘@\/\irwgenal force between the s_crubbmg portlon of the brush and the

substrate cleans the latter.

In 'adqition,_the method of cleaning the substrate may further comprise the step
of moving one or more peripheral brushes adjacent to an edge of the substrate,
and/or the step of moving one or more inner brushes adjacent to an edge of an

orifice in the substrate, to meet a higher level of substrate cleanliness as may

~be required.

Brief description of the drawings



It wll be conveni ent to further descri be the present
invention with respect to the acconpanyi ng draw ngs

“that illustrate possible arrangenents of the .

i'nvention. O her arrangenents -of the invention are

possi bl e, and consequently thedparticularity of the

'-”-accorrpanyl ng draw ngs i's not to be. under st ood ‘as
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- descriptio fthelga @tlon Figure 1 illustrates a

ACAMARDYIRSLErawiRgs ghat usiraieneesShle. aTTaagamRNteQ tbgsinvention.

f(Re Cegﬁﬁl:wé]éﬁtéﬁ%ato?str@‘m{rf@ 1a?c§10@o§§?5’|8t 'aeﬁ'\d | don8bqliéntly the

: mammlaatye@f ather caasesapanying a@rawmgdweschetarton@ennmmeestood as

ustrates ,a first an
Suner ity e aedhaliyiorghe bierethia dBscrinton e guietian.
illustrates a cl osed-up view of one of the substrat es
being cleaned at the first cleaning station of Figure
£igurer] Hlystratsia cleaning mwedulespriartd acsubstiaterclseaingprosess;
t I aj d r F r
|Fll{]§liljrs%t ?a{]gé}g%tggl %é:ed& \é/?égwgo¢b8ﬁg 'c#lrlt'ﬁe?]g u%lg?P'QPegwdu'e of
tRigmg t;l eaned at the second cleaning station of Figure

6: Figure 8 illustrates a third cleaning station of
tFHeur@l S Ustigtesipresess-isitean @ the dsaning mpdule gsFigured;

: gur%l £ ftgte@néjﬁtg? ﬁf niilg §tQﬁoﬁ WPiid @ibﬁnﬁl\%erﬁptj@% of Figure 1

rocess; |gure ates a.side-vie
dligarel hdlustratea ¢losed- dpfvﬁewe:itor@Oobttfe subsitates) being cleaned at

1l th I [ dul ) I Si
th@ e lerieg SEUERG T8 4ure 107 Figures 12A and 128

Figurel @ Musiraies PEesbrRFElcdRiRBstAlGH bf‘l@tetcfléanmg module of Figure 1;
substrat e- cl eani I‘Fgoprocess according to two

drigwe élvstratgs ardlosgd:yp view of ems ofthe2sulisitates being cleaned at

 RRSSbLBAY BRaRing DG6H 8 Bigusd gEmpodi ment

Figure 8 illustrates a third cleaning station of the cleaning module of Figure 1;
Figure 9 illustrates the cleaning module after the substrate-cleaning process;
Figure 10 illustrates a side-view of the cleaning station in a different
configuration;

‘Figure 11 illustrates the cleaning module comprising the cleaning station of

Figure 10;

Flgures 12A and 12B are plan views of discs demonstratlng the substrate- "

- cleaning process accordlng to two embodlments of the present invention.

" Detailed Description of the Preferred Embodiment

Figures 1 illustrates a cleaning module 101 for cleaning one or more substrates

~according to one embodiment. In this case, the cleaning module 101 is divided

_into three sections: a loading section 103; a cleaning section 105; and an

unioading section 107.
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Figures 1 illustrates a cleaning nodul e 101 for
cl eaning one or nore substrates according to one
enbodi nent. In this case, the cleaning nodule 101 is

divided 30into three sections: a |oading section 103;
.-a €l eaning section 105; and anfunl oadi ng-section. 107.

The l'oadi-ng section 103 conpri-ses three substrate.

' CEle IoedmwﬁemamSWeQmpﬂséél ehrbersubetrafe edrrigrg of h@ég?azmes in the

if hfor hol ding a stack of tvventy di sc- shaped
amwfa ez%d-mdrav#hégg 8868t foat Rajdingo anflpack a9k twenty disc-shaped

SIS0 107 TS, ORI SYPERR S Blrdi] 90 psioan

Eﬁrocessleea(ra glgulsrasommW@Hungs)mmmwﬁgatranﬁiﬁeirmd tootHehtrays 109
ubst r at e- cl eani ng ﬂ_&]ocess t he substrates 110 at
39%?1'?9”@9&%8'%89? OVeRtigN.particul ar tray 109 are
PrigiSioeiHee dubstrate RISLASS drbge§§ %eléﬁoétfhtég‘el 19 Sﬁ%‘v@ﬂly—spaced
station 103 by a robotiC lifter. The cleaning sectio
TOBitionsiniss partichiasdrayl &Ehar@trgnatarmtmaproms-ugstmy 113 in the

| 3% @”étéﬂ g%glsﬁ ef“?%béstfc;ﬁfl% ]cﬁ%% si%ﬁE %5“ o103 comprises

fth@er efeadimy statiod 24010n607, 1808 WIS SWill be desyriddd later. For
gure 2&3ow des an exanple of the robotic lifter 201

aﬁlma g sl of Heet flapningo siationsngre shewdsin dhedfigures only in -
}g%mbﬁ?&%& dJe%@élpztﬁ'y f%rprl ses five lifting arns 15

arrange Inp In addition, the respective
dlstances bet ween the adj acent Ilftlng arnms 203 are

t d b [ tiple ft tota
R Grouden 2B pamaipet g robRHS Tge20d aranigad sbave the tray
R0 holbing2es shbﬁre{téé lﬁ"‘lbt rhauBBbfielifier QOWOH%}%%QSHV% lifting arms

fromthe tray 109 to the process-jig tray 1

248 apReged inbparadet ha additiop) dhefrespectivst ainstame;erbeuﬂeen the

SRR g M 0 314 BRUeRD B 2B Y, LA o the to
s et edokh rsdt_alsﬁ'blfeeﬁo ‘The Fotsoti NWéNQOPfca'i_’r nfT s the (1+kn)"‘
the lifting arnms 203 will-lift the 1st, 6th

tshbstrates simultaneously from the tray 109 to the process-jlg tray 113 — the
variable “k” being the multiple of the total number of substrates and the variable
“n” being any integer = {0, 1, 2, 3, ...}. For this particular embodiment, as
illustrated in Figure 2, “k” has a value of 5. Thus, the lifting arms 203 will lift the’
1%, 6™, 11™, 16" and 21% substrates 110 simultaneously from the tray 109 to the

process-jig tray 113 during the start of the cleéning process.

When the lifting arms 203 are aligned with the substrates 110 in the tray 109,

" they simultaneously engage the peripheral edges of the (1+kn)" substrates

‘below the horizontal diametric axis of the substrates so as to transfer these
selected substrates from the tray 109 to the process—jig tray 113 as shown in

Figure 3.

The proces's-jig tray 113 comprises a substrate rotation device in the form of a
motor-driven shaft 205 arranged at the periphery of the substrates 110 such
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lto and 21st substrates 110 sinultaneously fromthe
tray 109 to the process-jig tray 113 during the start
of the cleaning process. 25Wen the lifting arnms 203
are aligned with the substrates 110 in the tray 109,
they simul taneously engage the’ peripheral edges of the
(1+kn)th substrates below the horizontal dianetric

dratsthefshafte2Gf.bentratsehe sircamfe entinbokther subiséates 110. The motor- o

Fﬂ?' Iﬁ{gétgﬁi\d fﬁsﬁ s at eieJcI g)omg%%bzy 18}313&?53%“@6 20;5 rofaies about a o

tibgifltinal %tﬂé@né patallel b6 teatr SFURE §5r68dd 0]59 fhy 13, Thus as the

substrates 110. The notor-driven shaft 2 I's’coup
tSdﬂaﬁ 20h sotate®7in & slackwtise he a@haﬂmckmse direatiers, tﬁlbo&ubs&rates 110

7 ACOBE 1 3750 133 il iR aouctifyl I msopdt g girection in

Iréla&oﬂh@@ﬂfdﬂdf@h@éhéﬂQOSC' ockwi se direction, the

substrates 110 5 in the process-jig tray 113 will ,
rotate accordingly in.an opposing direction in '

I t : afdd thRghher & th NgrIAgEHtN 4t th
R b O Thgte R R 3, 7ot B 1 1 (e D 3K, and 19
bubstrates Tthframdth&déet endbsftthattey 10Dafer tnamsfbﬁredefyta estsbtic lifter

S e B TS Vb SaRt 8 1R B b b et
t1r035,y d@iﬂlﬁg'tﬁet Ql%rtcbf?%‘é rtﬂeérﬁﬁ? &1 O %ér”gn{%%lrﬁéﬁfst having a-

of the cleaning cycle. In other” enbodi nents havi ng
dlifférent numberind rsubstratassor sokaticoliftars dwving ldtffetremts“k” values the

RESOS  RHE 0R 5 R BEERE0 ,DP op lnurn

afyethed@npre‘ssm PMkhWene%F{OeSISIZOFB(i}%& “k’ﬂbelnboa rhultiple of the
"k" being a multiple of the 15substrate :

tslh‘Pét(ﬁ@s@'CkQ§S%>@ﬂ exnleipedparliet . Figures 4 to 9 show

the process for each station. For clarity, the

stations are considered individually, with the figures -

HiguwiesH t0 @ SInew tﬁé?prabeﬁ formeacH stationr Eoerclarity, the statlons are
errbodd ment , be trays |in each station

R8s eé%l%"?ﬂjv' Baﬁf d@&é Jlguses gheyving Bﬂeéfﬁydﬂl&?eﬁi a tlme In a
%r@?@rﬁe@“@ﬁ%d}fneﬁtn tHSFéG'iAﬁIH bd B& srlﬁyéa&ilét@r ?revgl% fRE ht:leanlng '

station, wth the sinultaneous rocess per
tpragess fmmanbvetaalbor@rwmwﬂnuuamausl;a Inegenaraly the trays 113
mtro?uced [ totheflrst station 401, and

_the . far

Ve &5 slptbrs WinghecmiianeBiis pecpastahs farmed. the trays then
RV HRING fyb"r ayith Alnew ﬂ%%/tlﬁl%ddt%dlﬂt&ﬂfeqﬂ@@@tﬁtléﬁ 401, and
t he beg |nn|n% t'he process recei ving
at the far end, the tray 113 emptied and removed from the conveyor. Empty
trays 113 can then be reintroduced at the beginning of the process for receiving
new discs, either by replacement by an operator, or through a separate
conveyor automating the process further. The following describes the process in

greater detail.

The process-jig tray 113 is arranged on a conveyor (not shown), so that it can
move across opposite ends of the cleaning section 105. Figure 4 illustrates the
arrangement of the process-jig tray 113 as it moves into a first cleaning station

401. In the first cleaning station 401, each disc-shaped brush 403 is de'signed to



25 new discs, either by replacenent by an operator, or

through a separate conveyor automating the process
further. The foll ow ng describes the process in

~greater detail. The process-jig tray 113 is arranged

on a conveyor (not shown), so &hat it can 30 nove

. across opposite ends of the cleani-ng section 105.
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'é% ApRYFe

Bl end sidd ofsa pattiuldmeubtiaee 98 0EThusf a HSW of twenty brushes 403

process-jig tray 113 as it nmpves into a first. cleaning :
byt claat bath sidest ofcRbang 1§ S4batrales 400 SGRRARSY by the

b h e o)
GyscosRp ey LS e bR 1 oy 3o 48 s
kd1$131me:pa#§3)f|tzruslaaewcoﬂdspmahhgau dachhsubstrate oﬁheatbdushbse in each

ubstra e rted by .the rocess ig. tra

i R SHfE s frmesdpt edr Ko3eapivepines shpreaponding
%@bghgkgﬂgy pairs of brushes correspondlng to each
substrate, the brushes in each said pair sufficiently
spaced from each other to receive the correspondi ng

AT BloBest Hg 113, I nRfvas i et Blbahlnb BRYGR Tl She row of
@rrasrhesmoschrbouowe%di a9 dvePlaPParpgroportioh ohtheldme; wHdEHs in this
is inthis 10 enbodi nent |l ess than half of the surface

mdﬁme@a&ﬁ%m half ©f the suskacenzrep ofspach sobstsater 1 Hp As the
I

fhriindd 805 Wighas Yt hCbussiae fo By it HhBhNIAR! Afitact wi

efachrother. the substrates 110 bei ng cl eaned 15 by a

pai r of brushes 403 - one on each side of the

substrate 110. As the brushes 403 nove al ong a radi al

Faglrel Dilldtratdso8 ddsd-08 vidiP oF rcﬁ\tee‘of]tlllg s@sﬁﬁféébb‘l@%emg cleaned

portion 501 of each brush overlaps wth the substrat

byOatpﬁIr:@htbiush@ dO8r esph dim gaglordide rof athet sigbstrate 110. As the

MGG B ByeaRiobls ao P Bl 2 Vel b8 AdisHefe, 110,

isetuiting Pertiomt 50t dF eweR briish bvéAdpd WithNBeUBRSARY 110 to contact
anti-clockw se direction, so that the substrate 110 i s

SCGUFSRONGING Prrtion of e AubFEatei ldfs of the brushes 403.
Li kewi se, the brushes 403 are al so coupled to a .notor
(not shown) so that they rotate in the sanme cl ockw se

diheesubstratas! 1tthis miaket toatotateoinas iolstkwise dracties l!iyt operating the

t he o%ﬁgsl ng frictional forces between the scrubbin

ey sw&@rzm'eahah@fh@Oéulﬂsmea%pqq@g anbglockwise
t he Lr ushes aﬁ@@é@ é}g@eggﬂ%saésdm%@égpg? er ab Lﬁ}b{mgé @8”%5 of the
blnlashetshfdaOCi ddkewmisef thehierushbs 408t are Hl$b soupledtto tahmotor (not shown)

gﬁ teSIOrB?q].}g |Béta%tggﬁgeoglgpk%|sgnc§rec |onba}/'s {hrt]_eesubbrslffc’att]c-:e‘3 “?otation. As
a result, the opposing frictional forces between the scrubbing portion of the
brushes 403 and the substrate 110 clean the latter. ' ' '

. Advantageously, the radius of rotation of the brushes 403 is the same as, or

preferably, greater than the radius of the substrate 110 so that the substrate
110 is thoroughly cleaned by the brushes 403 due to the opposing frictional
contact 'betwee'n the scrubbing portions 501 of the brushes 403 and the
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cont act between the scrubbing portions 501 of the
brushes 403 and the 9 respective sides of the ‘
substrate 110. The radius of rotation of the brushes

403 may generally be around 5mm | onger than the radius

of the substrate 110. Accordiiyly, -the surface of the
substrate 110 being cl eaned by the brushes 403 within :

BB e eb e radive of e Sibeseta 110

HECbin Igeth‘“e| S0 ﬂh@&?ﬁ%&rﬂl@ap‘gaf%‘g{d cIQSnQSIbS(rtPEﬁﬁs?’ushes 403

wth reféerence to Figur

_ embmmangman timee chaarbendprggcitean dbessirdce oh thet sutilrate being

w of br.u

R by TR i, gimsron T PPORETe 4 e EveTin egate circular

bHack Quihg e ¢lctnin adTPrédés%t vAHiSR Wi BeStasdrded WhE reference to
process-jig tray 11 hen noves al ong the cleaning

f&um@ﬁ%@dé rds a second cleaning station 601. 15
The second cl eaning station 601 conprises a row of ten
peri pheral brushes 603. As the process-jig tray 113

ks émbodinhents eite Ribarlimpaydie Bistd betwééH 5 td1e0r setaids, after
ush s 603 is |lowered so that they contact

wﬁ@@ﬂ}%ﬁ%% *érms g 49442 ryjped te the,pdginat Resitiam. | n

addi tion, the second cleaning station 601 further 20
conprises a row of ten inner brushes 605 for cleaning

After ¢hlg ssbsifateh d 10r arki dleaned ahthe first bleantng statien,1th@. process-jig
Ei illustra ose- up v

Sat 1. thet moget Bloy Becairating petlisR 1BraSharpacezend cleaning
Btdton O3 and the inner brush 605. As both the 25

peri pheral brush 603 and the inner brush 605 cone into
contact with the circunferential edge of the substrate

TH8 BB A N s lishdth LharnblSes by el BH bbb faranes cos.

As'thetprotesstiy fray baBmbhes @ith ehe edeen@tidahthgstasion H0R, the row
110 and the internal edge are cleaned by the ogp05|n

rf ireripBRERl Rrypkes B0Gcisnouered sosthas ithay &ontartdhe @rumferentia
2QgB33RE $uB8Rate80Pt0. In addition, the second cleaning station 601 further

compfises a row of ten inner brushes 605 for cleaning the edges of the orifices

within each substrate 110.

Figure 7 illustrates a close-up view of one of the substrates 110 being cieaned
by both the peripheral brush 603 and the inner brush 605. As both the
peripheral brush 603 and the inner brush 605 come into contact with the

circumferential edge of the substrate 110 and the edge of the orifice of the

" ‘substrate 110 respectively,‘the-substrate 110 rotates in a clockwise direction.

Thus, both the outer edge of the substrate 110 and the internal edge are
cleaned by the opposing frictional contact between the substrate 110 and the
brushes 603, 605.
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10 Advant ageously, the inner brush 605 is coupled to a

motor (not shown) so that it rotates i-n the opposing

anti-clockwise direction in relation to the substrate
rotation. This makes the cleaning tinme of the
substrate 110 shorter. Thus, tWe outer peripheral
brush 603 is al so advant ageously made-to rotatein the:

rﬁ@%@mg!y 1Re trice BrisNES i BEuPIBRLS Lahetor Phet dfBwn) so that it
Thus osing frictional forces between the - )

Hpt?éﬁ%énetb@ OppasHadaBiBlackuise dlieshon He felatian o Aheesubstrate
B%@B'nn@l' nHi(%sstHQSéI%ﬁ'EJﬁg Jtﬂﬁe Yt tﬁgesuf)gﬁ'%% ‘F(I) %jfbgbgg. Thus, the
sta I's conpleted,”t ay

F OCessS-|
tchuber pemﬂwdis btushab@diis dlsol adwamggemmiy madb()toBEb’ta'&l‘liDN\the same
in Fiqure As the S ig.tray 3 noves intQ .
ilodlsd CotEcaR 2o 166 ooVl TOtERw THUS, WL 9PPOSING frictional
o HeRA5etRE8n IHE bhaMREHbI, @P@Veﬁ{d ok c%ﬂ%gh&ltér. the
respective surface areas the substrates 11 Lt can
be seen that the third cleaning station 401 is

AT kBahireD of e sl oTY ol Ml SBBud Sfae °st3fon 601 is
Hopisieical, @he tgratessiid MRy W&héﬁtpﬁécéé& & @ third cleaning station
s@auentl ally cleaned in three cl eani ng stations, the

eshayyn i Bigyre BeAs the progessdigstrandd maees igto the third cleaning

fcfhvﬁg‘l %: V({)\Ivrb?rtw%fi‘/’ W@S@é@fgg?%teﬂgﬁgt r a & {d Syt a‘pt wﬁh @bout half

anl ng 's I ons 1 on

dheaespe;r:twcswfa@b drbas of densapstedtas i1d10s [t4fAh, b@@éen 8!6)41 the third
of one anot her.

an be a . | ndependent |
it Sk a3] BideRicaiothe frdh flaanina sy i s no further
%bdratl@ﬁ)@}&ﬁﬁ@d the process-jig tray 109 agai n noves
al ong the cleaning section 105 to the opposite end of

the cl eaning section 105. Anot her feed-jig tray 901 is

n in_the. nl,oad] tion 7 adja cen
T S0 el PoRreEifien M I s st 10 P R Ssiehlial cleaned in
bRt chi@fing 1&afiths, NhePNOGR S 6f | digariine¥s 18P the §lstrates 110 is
cl eaning section 105 are then lifted to the tray 1

90
improed; i@t Wew elothermpdgiarity @f ém%@iﬁawwgrﬁmoes 401, 601,

63 e TEPorCor B9 UPanh R o i lagBf Spfpo Bodoor, eor

chnfeaadiested iBGependently of one another.

When the substrate-cleaning at the third cleaning station 801 is completed, the
process-jig tray-109 again moves along the cleaning section 105 to the opposite .
end of the cleaning section 105. Another feed-jig tray 901 is arranged in the
unloading section 107 adjacent to that opposite end of the cleaning section 105.

The substrates 110 on the process-jig tray 109 in the cleaning section 105 are

~ then lifted to the tray 901 in the unloading section 107 of the cleaning module

101 by means of another robotic llfter operates in an identical or similar fashion

as the robotic lifter 201 of Figure 2.

After the substrates 110 are transferred to the tray 901, they may then undergo

various downstream processes (e.g. ultrasonic rinse) as required.
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11 The robotic lifter of the cleaning module 101 then:
moves back to the tray 109 in the | oading section 103,
whilst the lifting arns are noved by the di stance of

~one substrate thickness (or one substrate space), so

t hat the next -series: of 5substiiates 110 correspondi ng

- to the 2nd, 4th, 8th, 8th, 1 oth, 1 2th, 14th, 1-8th,

1 8th and 20th substrates 110 fromthe left end of the
tray 109 can be transferred to the process-jig tra

1T_Lf39 ratticsldies of thaipleaging medyle 381 tharemaved haske t%/ﬁérﬁy 109 in

OB bAAED OB RIS Bt Bt AR sl of one

tdubstiard thickassag(ost aheomm@tbespa@)esaﬂthgt tth@)’né)at3serles of
noves across the cl eani ng sect c,on w05 T

S

coihstrades W prpqrfe@pgnmg the aReAll @ &UHQ' AR 147 16, 18"
il

D SesERE *10 %.Yéﬁpaﬁ%dﬂfhg 1Y 199, 012K HafiFrorred to
"thdl protessefig ctmysEbB b'l}het Iserrieoeléan@gapmcéss rAsodelanitpedf above then
i ndi.vi dual substrate for cleaning. Although the three
ccfo@é'ﬁ'f"ﬁﬁ 4984t ons 401, 601, 801 in the cleani ng nodul e
101 are disclosed to be nodular or distinct, it should
however be appreciated that they can be conbl ned to
f DA, ath Alurelityr ef subsisatpagl K1 8 trensfarmd ogathecfrom one cleaning

o{iéﬁ?’gﬁgﬁfé @%‘Vég%é'ygﬁé f%g% ﬁtm\%ﬁreg%lé!t%&nu}g@oves across the

Tdieaning egctibn dlosamhrgisSh dontrast Aih themor 8 vitedte the substrates
el ongat e Y]rr‘oergeffone of which_is |abelled as 10

HE4 a} |qq5V|gHgII3én'5f@%rlt Shauld,be apprem)ated that the
r{4HO0 t f

3:?%%@@@ ?{oﬁmeaﬂb q@rﬁ]ﬁmr.ﬂé % ngcﬂa oﬁmregmnbdea?gfg B§/ Nfe loading and
cwﬂpadlsgsafideualrs@sk@té%forﬂDétﬁme.OO? ext endi ng from

an elongate portion, and the sanme set of brushes 403;

603, 605; 803 respectively as described earlier. Thus,

[ R 60

LU MR, SRahiTd aiOhs 303, 681280017 B Pledid e 101
Aveddiatingey to e mmduiarsoredtbbmmﬁmhowm@oﬂewegmeappremated that

QFn?%gﬂgb%ogor%%%e%ft%q‘gmSe{nn}ﬁltédargFgllé%nFrwlgea}a iOn. Iéor S|mpI|C|ty, only a

- side-view of such an integral cleaning station (labelled as 1001) is shown in

Figure 10.

The integral cleaning station 1001 comprises ten elohgate members (one of
which is labelled as 1002) arranged in parallel to one another and in

perpendicular to the direction of motion of the process-fig tray 113.

The elongate member 1002 corrip'rises three arms 1003, 1005, 1007 extending
from an elongate portion, and the same set of brushes 403; 603, 605; 803
respectively as described earlier. Thus, it can be seen that the integral cleaning
station 1001 combines the three cleaning stations 401, 601, 801. Accordingly,
in this embodiment, the elongate member 1002 can effect simultaneous

cleaning at all stations.



10

15

20

. 25

30

12 As the process-jig tray 113 noves into the integral
cl eaning station 1001, the integral cleaning station
1001 .is lowered, so that the substrates 110 on the
process-jig tray 113 are cl eaned by either set of t he
brushes  403; 603, 605; 803. A®urther arm (not shown)
may be provided to support the disc during the 5

- cAediné poogEsseigsray TS mquermtoathn lmegmsbl@drwsmenumm ‘the

S G A Sl i e, 10 n o
é?é %;%@xtﬁ% &*escqe%d Bg eﬁheeﬁém thafB?uér?efh!é@. éd3, 605; 803.
out o t. By providing the su di sc

rv%wfu_nbeh@lrm_ (@tp*m) frGfu behproviderds tcsumporort themdisgy during the
KBRS BPabe TBe. e et dhoirbsh v hiaant T, the second

| rmafarrrﬁ witatloroto’ shdure thaidpplisaich bp{Hee;beriwréraﬂbraehaéds may tend

or of the required torque in order to drive

rtet aﬁtahlhm thai ¢iselidiring) sleanifgevarst sphieushttegutof allgnment By
[ reci ated that

ﬁhg?@hgguﬁéﬁkgggth%&Bcrﬁ%fggg%%%gﬁ?gggtrays noving in

parallel in the cleaning section 105. This is because

the arnms 1003, 1005, 1007 can be designed to align

Wth the substrates 110 in the one or nore process jig

S 0 that the substrates 1 e
s'*rri’n o bUGPh P My EVER AR dibe o Rlatsothe disc. In so
%2&&9& bdtiveeh &had supbbHsdrhbAg th@%ﬂ&! 'wwmdé”r&ler with
110 having the integral cleaning station 1001.

sﬁar\%lrpli?'t providiagi alt @greart af cthei FRAuitesk rqmueamomn to drive the
I are not drawn in Figure 11. In this '

Crggag’ s'aégrgé.l ng nodul e 110 conprises 25 three

process fig trays 113a-c. In contrast to the process

novi ng on the conveyor from one cl eani
Updie 4t InigarRbReBnIng Haten daang s@@@rcr b anpesciateel that there

BS dnk%t rﬁ&%@g@éﬁ,#b'tﬁﬁg r’BBvrﬂ é‘lle'l ﬁb{r{ér cleaning section

Qfeanl ng section S I'S becCa

0B, drhés (s bepaasei thel gmis 4063,e1005 1mvvmnbelms¢ghemctenahgn with

ay . eanln nodul e 101 b, eci al
bR stpRraf HE r Eeh e RO Brasgsspb EBsadthehine substrates
SH@Ncan dRstighned %an&h&&uw SyBYL@ d0tdTBHushes 401; 601, 605;
suitable if I's desirabl I ncrease the nunber of
A%kt rat es 110 bei ng cleaned during the
substrate-cleaning process. It is also envisaged that
the substrate rotation device may be in the formof a

P@rfer drii Wiestraesf the idariing apedak! @ 100ha@Ryr et htédl cleaning
Is of the central cavities of the substrates 11

rbaliane i 001 .Hrorssimplicity, dbe integral\rlernieg stative 106 aad relptic lifters
e BAOTEHR b S LN 1 A SRR b Re Y comprises
varemprtdceys-ﬁgetrayscmwc In contrast to the process jig 113 moving on the
conveyor from one cleaning station to the next in the cleaning section 105, the
process jigs 113a-c are fixed in position in the cleaning section 105. This is
because the substrates 110 are progressively transferred between the adjacent

trays along the cleaning module 101 by specialised robotic lifters.
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10.|n addltlon it is further enV|saged t he brushes
403, 803 may also be nmade to conpletely overlap the
sides of the substrates 110. Thus, as the brushes 403,

803 or the substrates 110 rotate, or when the brushes

403, 803  and the substrates 118 both rotate in
opposi ng .directions, so that the opposing frictional

5sHould &2 émireeﬁted that buols faeéeﬁgﬁ,of&%cmﬁld lfhodule 101 may be
ean the |atter. gures 12A and 12B

t .
SHERPIEHbE &t deairatif Winoreaseipecimbst ALsyhalicdesd 19 being cleaned

'Q}ﬂmh fhé §9?§tt$?]%tﬂégﬁ,ﬁb£8€% the brush relative to the

ter I Sc. gure 12A there is shown
the case where the radius of rotation 1110 is

e 2 tabec Tt i SubiFabu IR oPvigeitray tonin 8 form of a

infstbE-ati®sn shaftdRROS 6péi8bl‘éftodééduré]Eéﬁhé‘rv@é!@doftthé central cavities
peri phery of the scrub %@a ius 1110. Because'

©héhergubstsatgs| 0. ﬂ'ﬁdﬂl@@r sub$trateena|0nmaymv|eyto loe lifted from

e pRERSsUB.PAY 1278 hfiopHiBshnted, 2o b Rfprd atong wih the

pigtopdeverBghafond Whidh thelyGive eetdRegshows the ef fect of

havi ng the radi us 1210 nuch | arger than the di ameter
of the disc 1205. Here, the dirt 1220, 1230 is

itiagd i j 0 f
17 8agltoht 38 fuRfet BhipGea i Brkiies 3032603 S, Bitpp@imade to
appipjétaly avestaputie a'geprocbdleessubetram DT(]) fT}TﬁBC?%_lﬁmeahﬂmshes 403,
h l ed 230, ,the dirt 1220 S

PO E R b tolats. i v, 165 dirvBhse ek, 803 and the
bObsteabs 0 BAtA rbﬁié%oﬁﬁo&ﬁ%%r‘e@:ﬂoﬁf, éd"ﬁa’?rtﬁ’é Bpﬁbé'ng frictional
vary, providing differing be

forces betweasnthshiowshee 103i B0B endithe §ubStrateIsa1r1g)e¢Iean the latter.

radius, this is not to be considered a Iimtation of
t he invention, as the efficiency of the process,

Figures 12A and 12B show the effect of differing scrubbing pattems based on
the radius of rotation of the brush relative to the diameter of the disc.

In Figure 12A there is shown the case where the radius of rotation 1110 .is
significantly less than the diameter of the disc 1105 being scrubbed. Whilst
extreme this illustration indicates the deposition of dit 1115 around the
periphery of the scrubbing radius 1110. Because of the much smaller radius,
the dirt remains wholly, or at least in part, on the face 1120 of the disc 1105,

thus negating the benefits of the scrubbing process.

'By contrast, Figure 12B shows the effect of having the radius 1210 much larger
than the diameter of the disc 1205. Here, the dirt 12_20, 1230 is deposited on the
internal diameter, or orifice 1215 of the disc, as well as the peripheral edge
1225. By applying a scrubbing process to the orifice 1215 and the peripheral
edge 1230, the dirt 1220, 1230 is removed from the disc 1205 in a two step

process.
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Sirrespective of the radius of rotation, renains
superior to that of the prior art. Thus, although the
i nvention has been described using a preferred

- enmbodi ment, many variations are possible within the

scope of the clains, as will B& clear to the skilled
reader, w thout departing fromthe scope of the
invention as clainmed. 10 15 Cains 1. A cleaning

T8 s e rapiiR Tt Stain of AT Rashum ey cowishas sifteriosbeneits
WHIIQ'thé@ﬂd!;tra'ﬂoheir@Wsoé’erié?nEBéT%ﬂ?é of S"’léigg?rrﬁdlus tqrs is not to be

substrate 2. The cl eanin | e acco
Tongidered ra dlrmtﬂt@nbloﬁthome@mnf ash&eateffleael:y omfethe process,

SeShAE R it bl SRR BHE biticninVed dlpnghor art

the radial path. 10 3. The cleaning nodul e according

to any one of the preceding clains, further conprising

TP Sitheian e iBveslioniaes Beensiassrined Using aprelensd embodiment,
Q%Oéﬁﬁron@ére ﬁ‘cgs IE3tHIY tﬂg%ﬁga&ciﬂeddlﬁ%st %sc\;vfﬁ' B8 clear to

erein the substrate rota evice conpris

rtlme akilled eeadenf withogiaderhrting fronf mqomopd‘leeredrﬁvédT@naés claimed.

| east one substrate. 5. The cleaning nodul e according

to any one of the preceding clains, 20wherein the at

| east one brush is rotatable. 6. The cl eaning nodul e

according to clains 3 to 5, wherein the at |east one

- substrate and the at | east one brush-are operable to
rotate in a sane direction. 257. The cl eani ng nodul e

according to claim5 or claim6, wherein the radius
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of rotation of the at |east one brush is greater than
or equal to the radius of the at | east one substrate.
8. The cl eani ng nodul e according to any one of the
precedi ng clains, 30further conprising at |east one
peri pheral brush for cleaning @n outer edge of the at
| east one substrate. 16 9. The cl eaning nodul e
Llatmgi ng to any one of the preceding clains, further
conprising an inner brush for cleaning an edge of an
orifice in the at - |east one substrate. 510. A
o, eanwgc@&%?en{dage[clfsa%é]&uﬁ?%w&éétt ¥n&f substrate, the module
subst rat es ul e conpris . atray for
aoppRiising gt keaistiose bsustabpsrabte to mwechédmg ai radial ppHciadelation to
ty of brushes located at a first '
§63ta‘itté) §t858r§u§rsﬁ'§{e corresponding to one of said
pIurallty of substrates; 10 wherein each brush is
erable to nove along a radial path in relation to
a‘ie r elreeler0BgsnpduieRcsORding o cimek puimereitya serubtingportion of

I S t
30 ISP bl L B ooprdshonfle PR of o it gt ome
tdubstratesas Heeat leasthorid btusml M0e8s difngtee ragial path.
substrates are par allel. 15 12. The nodul e according

clains 10 or further conprising a second plurality

&, Sa"Fhé’rd’eﬁﬂﬁ% | 1R68189a8lorBind 18 HhyS bAk! 8 théWeceding claims,

further comprising a substrate rotation device to rotate the at least one

: suﬁstrate.

4, The cleaning module according to claim 3, wherein the substrate rotation
device comprises a rotatable shaft engaged with the periphery of the at least
one substrate.

5. The cleaning module according to any one of the preceding claims,

‘wherein the at least one brush is rotatable.

6. The cleaning module according to claims 3 to 5, wherein the at least one

substrate and the at least one brush are operable to rotate in a same direction.

7. The cleaning module according to claim 5 or claim 6, wherein the radius

of rotation of the at least one brush is greater than or equal to the radius of the

at least one substrate.

8. The cleaning module according to any one of the preceding claims,
further comprising at least one peripheral brush for cleaning an outer edge of

the at least one substrate.



a _conveyor for moving the tray fromthe first station
to the second station. 2013. The nodul e according to

-claim 12, further conprising a plurality of peripheral

brushes, for cleaning an outer edge, and a plurality
of inner brushes, for cleani ngfan edge of an orifice,

of each substrate the plurality of peri pheral and

iginer Theusteming radedleadceortiing ¢ wrat oas bhties rp?dd:@dlﬂg clalms
the first and second station; 25 wherein said.convey

ifuriher CARPrSHgLRR NI RBIRD 1aReleanid rabRABRST AR arifice in the at

_qéggtldﬁ@ §dbstrl?1?et hird station and then to the second
station. A met hod of positioning at | east one brush

dur| ng the cl eani ng of at |east - one substrate,
e met hod conpr t he ste ng_t he
oRE b STeastiag BRgRUR ter SleSpln s AFESICetAthdtates Te modue
|c%<ﬁ$p§ri > substrate. 17 15. A nmethod of cleaning at
| east one substrate, the nethod conprising the steps
o trap{armypaprtingsaid substsateshn & piegdetermities spaseH refation;

PR e B 0 B B R DLGE BRIt one
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of sarbplardlitn of sesdtizaes,of the at | east one substrate. 5
16. The nethod according to claim15, the nethod

fvmetrﬁl@r eaehbrush fyopable & raeve glong Adadiak Path |ir selation to the
it §%?cg | n:éi%fs,?r?te ﬂr?:sh@b?réé?)bhﬁﬁtg%ﬁcg{éigf?alﬁ %I l?tgrBstﬁbstrates

her I'sin tat
the at | east one brush, 18. The nethod accordl ng to
cl.am 6 or I aiml7

dost r iaBohfeind I8 T F ekt Tie 15t ay swpports the
Cbub@ﬁhte@%uch that planes defined by the substrates are parallel.

12. The module according claims 10 or 11, further comprising a second
plurality of said brushes located at a second station, and;

a conveyor for moving the tray from the first station to the second station.

13.  The module according to claim 12, further comprising a plurality of
peripheral brushes, for cleaning an outer edge, and a plurality of inner brushes,
for cleaning an edge of an orifice, of each substrate; |
the plurality of peripheral and inner brushes located at a third station
intermediate the first and second station; _

wherein said conveyor is further adapted to move the tray from the first station

to the third station and then to the second station.

14, A method of positioning at least one brush during the cleaning of at least
one substrate, the method comprising the step of moving the at least one brush

along a radial path in relation to the at least one substrate.



10

15

20

'1519. The nethod according to any one of claims 15 to

18, further conprising the step of noving at | east one
peri pheral- brush adjacent to an edge of the at | east
one substrate. 20.The nmethod according to any one of
clainms 15 to 19, further conpri’sing 20 the .step of
novi ng at | east one inner.brush adjacent to an edge of

arg.or i Aimethbt dffetedring @@ dasiehes BliSStFAk Sthe method comprising the

- steps of moving at least one brush along a radial path in relation to the at least

one substrate and overlapping a scrubbing portion of the at least one brush with

a corresponding portion of the at least one substrate.

16.  The method according to claim 15, the method further comprising the

step of rotating the at least one substrate.

17.  The method according to claim 15 or claim 16, further comprising the

step of rotating the at least one brush.

18.  The method according to claim 16 or claim 17, wherein the at least one

substrate and thé at least one brush rotate in a same direction.

19.  The method acdording to any one of claims 15 to 18, further comprising
the step of moving at least one peripheral brush adjacent to an edge of the at

least one substrate.

20.  The method according to any one of claims 15 to 19, further comprising
the step of moving at least one inner brush adjacent to an edge of an orifice in

the at least one substrate.



