; e3ewr r suRnuweRwTwer &0 3 JAN 2003 The present invention relates
generally to sem conductor 5 processing and nore particularlgkéo aéqﬁbfod
.and apparatus for cleaning wafers. BACKGROUND OF THE | NVENTI JA

Sem conduct or manufacturing processes demand wafers, 10 typically silicon
waf ers, which are substantially particulate free. As the sem

I ndustry noves towards processing |arger dianeter wafers, forcmmmmmmmm
mllimeter (m) diameter wafers, it becones increasingly difficuILMI%V

renove particul ates from theyweifr SLEARTRE! AbSAk BFyg Waf er cl eani ng
processes nust effectively renove particulates fromthe | arger

surface area associated with the larger dianeter wafers. Furtm’mm%'ﬂ’mww’m
cl eani ng_processes_nust_cl ean the wafers w thout exerting undue Tor

the waf eE2E L er wafers have | ess mechani cal stref§®*t han
smal | er di ane Y. Slane .th the
pr esent inven?ﬁ%nﬁgégﬁthggvgﬁ appggg?gégf%%H%?%%%?ngéﬂﬂggér oriented
vertisal byocespiay dad. mbreopareirballasbnt tot Hemetipsd aind dpied tedess ardir st
brush and_a 25 second brush | ocated horizontally fromthe first brush. The
first brG3f28ABIt W8f8&Eond brush define a region between the brushes.
Located vertically below the region defined by the first and second
brushes, is a pair of rollers. During |oading, a wafer is |ocated

verti cal Backarbi®Dr egi wEEbeweRTI88 the first and second brushes and on the

pair of rollers by a robotic arm -1
Semiconductor manufacturing processes demand wafers,

10 typically silicon wafers, which are substantially particulate
free. As the semiconductor industry moves towards processing
larger diameter wafers, for example 300 millimeter (mm)
diameter wafers, it becomes increasingly difficult to remove
particulates from the wafers. In particular, wafer cleaning

15 processes must effectively remove particulates from the larger
wafer surface area associated with the larger diameter wafers.
Further, wafer cleaning processes must clean the wafers without
exerting undue force on the wafers since larger diameter wafers
have less mechanical strength than smaller diameter wafers.

20
SUMMARY QOF THE INVENTION

In accordance with the present invention, a method and
apparatus for cleaning a wafer oriented vertically is provided.
In one embodiment, the apparatus includes a first brush and a

25 second brush located horizontally from the first brxush. The
first brush and the second brush define a region between the
brushes. Located vertically below the region defined by the
first and second brushes, is a pair of rollers. During
loading, a wafer is located vertically in the region between

30 the first and second brushes and on the pair of rollers by a

robotic arm.



0 3 JAN 200 The apparatus further includes a finger tip |ocated vertically
above the region defined by the first and second brushes. After{thgANaDgt3
-ies placed on the pair of rollers by the robotic arm the finger tip is
noved to contact an edge of 5 the wafer and thus hold the wafer in the

| oad/ unl oad position. The robotic armis then withdrawn fromthe apparatus.
The first and second brushes are then noved to contact the first and second

waf er surfaces, i.e. are closed. The finger tip is then noved away fromthe
edge of the V\é‘h@r alp@arrélté@séurﬁh?ﬁelml’é es Thef fnger tIsmmsihOC%tIrﬁEdsecond
brush and f hen rotated. V\:hl| rln to cl anthe
waf er . Aft\tlavr% tbovtehé: ﬁ&grlofll %neol a?g %\a/e%l]f rtgacsf ? waf er
edge and Hﬂa@e@ol dAtff&%ﬂ\@mr wafae ibrﬁlaé‘é‘&i SECend ﬁ&i&sk@ﬁ A ELdRepyoved
back away fromthe wafer, i.e. are 15 opened. The robotic armis again

i nserted uhﬁ aomé::ap@amat tréet disggagbiphes wabeed tr<heC¢mtr@ce¢ an pedge tdien
noved avva he of fer to rel ease nd the wafer is
T reusq " het fuathe e 35’ po18 YBEKabe " 00 oBRE 108 M Fad e i o

enbodi MeRthe 'fa%to%a% Q1Y RGehNG i ELBYSIm 28 bih Pr vy b4 AR te edge of the
wafer to release the wafer and allow the wafer to ro]%ate the finger tip

can be a V-gr dheedirelt! endisiecbndsbrapheseand tidmtmonged |o asooratancehen t h
this alternative enbodi nent, the fi nger tip can r ntact with the

enpin in c
edge of fHEShafEd RSCCE% WaTREF SHTERCEDL at - aMie Z%HP%?%%ne %q nf S 9er
e”bOd'”EQﬁp LQ @ﬂen@%ﬁ%e@pg%th%rﬁﬁf@ﬁedgéﬁggof the wafer to release

10 the wafer. The first brush, the second brush and wafer are
then rotated while rinsing with a liguid to clean the wafer.
After cleaning, the finger tip is again moved to contact the
wafer edge and thus hold the wafer. The first and second
brushes are then moved back away f£rom the wafer, i.e. are

15 opened. The robotic arm is again inserted into the apparatus
to engage the wafer. The finger tip is then moved away from
the edge of the wafer to release the wafer and the wafer is
removed from the apparatus by the robotic arm.

In an alternative embodiment, instead of moving the finger

20 tip away from the edge of the wafer to release the wafer and
allow the wafer to rotate, the finger tip can be a V-grooved
roller which is capable of roﬁating. In accordance with this
alternative embodiment, the finger tip can remain in contact
with the edge of the wafer while the wafer is rotated and

25 cleaned.

In either embodiment, to reliably hold the wafer during
loading/unloading, the pair of rollers and the finger tip have
V-grooves and the wafer is securely held in the apexes of these
V-grooves. Of importance, the wafer is-held by the pair of

30 roller and the finger tip at the precise load/unload position

at which the robotic arm has been programmed to
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| oadi ng/ unl oadi ng, the pair of rollers and the finger tip have V-grooves
and the wafer is securely held in the apexes of these V-grooves f
J.nportance, ‘the wafer is held by the pair of 30 roller and the pi QJANW(H
at the precise |oad/unload position at which the robotic arm has been
programmed to -2 0 3 JA N 2003 engage/ di sengage the wafer.. Accordingly,
the wafer is reliably and repeatedly engaged by the robotic armreducing
the average cycle tinme and manufacturing cost associated with wafer
processi AgJape/cisengede &pparatas.i sheedrdingled ey Wafemiitsh B Yioboly c

havi doubl i ngl d d-effect d i . Th
appar at US ey SHFSS SE1¥a R ERERaPé: tBgEOTRC LdTT et T1 19 AV SFRESecond
surfaces c9t1the iwaf ahg &nanﬁ%etig@mﬁg &\%&@ 484 Sc eahadi R wAides- finger tip

can be a wafer scrubbing pad. By hol ding the wafer scrubbing pad agai nst

t he waf epredgesiiigl.e Fhethefrer the appateadusiuts ngell eaniteg] fidre wed exith
scr ubbi ngO;FJ)ad,scrubs the wafer edge while the first and second brushes

scrubP t hEOPPELC 3F8Ss BEYRBIWEPEPLE UPE aBERILe 2 ITRS SRETRHTCFAUS Qi ate

renoval {p e ywater may be enhanced. 15 These and other objects)
features %g] g%vgﬁt%agés of the present invention will be nore readily

apparent fronTheeagebail-ed dagCalpbi obeset thorvdf &xelad akemnddl sy wict i on
w th the acconpanyi ng draw ngs. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS FI G
1, is a pBPspaEetveny erconrdngrstacreant ngheyerlkew i ndudiarpraapae withwaf er

cl eaners_in_agecor Wi t S I [ hS. tial top
vi ew of Skléso% %?) ﬁga\%%?‘ 51’ %P‘Saggflgggzg%| %?P(g@% sé)g"7 apf!z;ér){si\sac’l?r \Jfbr%ol%‘ti;%’avﬁi ew of
the y@f esycheadehg Ehe whfiey acpabbiay Pedspeeihve theWaHert RAg@f@lile
cleaner. FIG 5 is a partial side view of the wafer cleaner. FIG 6 is a
frontal ¢hewwsferhdswabsrtebedueingurlagning, | pfhacédietarmaruiaing madr esent

: In?/ﬁrs]: Ir gtglcrll:a%s t%e3 w%ﬁrZ%%%eF'wﬁ‘nZ {:ﬁe af1£é)@taar|1d V.f:'*,eecyy)nOcI k;[rrheshvé@c esrcx(_:dbeaner

the first and second wafer surfaces. In this manner,
particulate removal from the wafer may be enhanced.

15 These and other objects, features and advantages of the
present invention will be more readily apparent from the
detailed description set forth below taken in conjunction with

the accompanying drawings.

20 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of wafer cleaning system
including a pair of wafer cleaners in accordance with the
present invention.

FIG. 2 is a partial top view of one of the wafer cleaners.

25 FIG. 3 is a partial frontal view of the wafer cleaner.
FIG. 4 is a partial perspective view of the wafer cleaner.
FIG. 5 is a partial side view of the wafer cleaner.

FIG. 6 is a frontal view of the wafer cleaner during use

in accordance with the present invention.



vertical displacenent of the wafer due to eccentricity of the rotary
brushes. 5 DETAI LED DESCRI PTION I n accordance with the present qgv &i ?{ﬁ a
.met hod and apparatus for cleaning a wafer, oriented vertically: jx vilidd.
Several elenents shown in the followng figures are substantially simlar.
Therefore, simlar reference nunbers 10 are used to represent simlar
elenments. FIG 1 is a perspective view of wafer cleaning system8 including
waf er cleaners 14, 16 in accordance with the present invention. Wafer

cl eani ng syst ém@B indlsudes rantalovievari e wafer bdlEdmer uhliudlrawahgr

cl eaners 14, .16, ,Spi,n drying unit 15 18, and a finish cassette_20

Robot i c é’rerﬁt’f@aﬁaélaq l&?&%ﬁe@#o:‘:hflwﬁﬁ?fh&ﬁ%&o LRI T hoPE EhGaf er .
End- ef f etz L1 1zapRg rotated fromthe horizontal position in which arm
11A is located horizontally fromarm11B, as showmn in FIG 1, to a vertical
position in 20 which arm 11A is | ocated above arm 11B. Wet buffer unit 12

includes a plurality of horizontal slots in which to hold wafers.

Typi cal | @mm% has sprayers which spray liquid on the wafers
to keep the er r Levi.Qus p i ng, fer

pol i shi ng. V\\gﬁer a%lc\é%tr?ea%ggl gﬁdlt%, p%%é%ﬂ: c{ﬁgﬁﬂ es’cr?gtg%ﬁgnd\é\%?gi I

bel ow, argpphsiantfioal Il dagefig eakvafethotbenexgepdi©ically t i sSoesbhodigent ,
that a different scrubbing solution is used in wafer cleaner 14 than in
waf er cl E@verale elspeatgr givyruaint the fpdyiovhed wai®irsy &%8 nni ng the wafer
at high s t.her . I Ng4an Lgui d . e f f_the
waf er. Spli E’%gr%%t&%%&g}ﬁ%él@q%\éf uF?ﬁ%re]L'ég%br?g@ﬁ{%lgr%%%%%%ﬂ[ﬁ\%gfﬁ%%?an

Seriab # 0% 633D rkidredehtl Yimdlar. 818meddk ?Oda 15, 1996, herein
incorporated by reference in its entirety. Finish cassette 20 has a
plurality of $I&.slf s kolrginsyerhevei Mistedt wadfes . chranigg usesteobdtic arm

10 f ich is_ 5 [ hor i ly | buf f it 12
(the por (TEEE 53 of o RSP Tae (he L& FRrBuRt FHETT vt burForPERPERED | <

i ndi cat ed fyadeliGn.l) waRehold1ea3iMy18yEhen soiAtesatdes Wwabisst O Lemaio,
vertical orientation and inserts the wafer into vertical slot 24 of wafer

cl eaner B4 .wesf trE fisrpseddi A@ owatfhe watanrera 10, wif era cfpEmedringdestti bed
bel o%, rlog)otai ar nf”li%o ren%vesetttgezwaf er fromwafer cleaner 14 through sl ot
24. ThRi s Beqidicé it &N SE S th2laf er cl eaner 16. The wafer is then

rotated 90 by RcMiicC adfiN1b0 haBhanvwahareksetben 1pagetchoisgond al-h¥uiat 0
spin drying unit 18 and finally is |oaded fromspin drying unit 15 18 to

finish cdssdled 2ovwaEleg - 2 Ensl-gffartral 1Lopani ety wotakg@rixPeanes 14 in
2000 Jene LS LIS LOVEAL AT 5, ShOID, YeLEL, hsplet gy el utes
waf er cl emr®l akdh 190t a4 Jhowd tie@IG. 1, to a vertical position in
20 which arm 11A is located above arm 11B. Wet buffer unit 12
includes a plurality of horizontal slots in which to hold
wafers. Typically, wet buffer unit 12 has sprayers which spray
liquid on the wafers to keep the wafers wet from previous wafer
processing, such as wafer polishing. Wafer cleaners 14 and 16,
25 which are described in detail below, are substantially
identical with the exception, in this embodiment, that a
different scrubbing solution is used in wafer cleaner 14 than
in wafer cleaner 16. Spin drying unit 18 drys the wafer by
spinning the wafer at high speeds, thereby removing any liquid
30 from the surface of the wafer. Spin drying unit 18 is further

described in Jones, Application Serial # 08/680,739, filed July
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20 with a door 27 which opens and cl oses slot 24. Wafer cleaner 14 further
includes a first rotary brush 26 and a second rotary brush 28. Brushes 26,
.28 are made of polyvinyl alcohol (PVA) foam although other mat.8r3 aJAN $06h
as nylon, nohair or a mandrel wapped with polishing pad material can be
used. In 25 one enbodi ment, brushes 26, 28 are PVA foam manufactured by
KANEBO of Japan. Brushes 26, 28 are |ocated horizontally from one anot her.
Locat ed between brushes 26, 28, and defined by brushes 26, 28, is a region
30. Locat®¥d, vEY36 cadidne el owormmmtedD hys r@fa-dnaestinr ditlseendd xady a second

roller 34, Rollers 32, 34 have V - .3 JAN 2003 grooves_36, 38,
respect i VeI SERFRE TS A OUHRP t%é’ﬁﬂ’gﬁqﬁﬁé’r Phosiars for spddipa dtws 26, 28

are mounted {0 dd redspnds of shafts 40, 42, respectively. Rotary unions 41,
43 are nounted to second ends 5 of shafts 40, 42, respectively. Shafts 40,
42 have centr a@urchw tuses, foshoad d kemeil® wenelves laowalfiequiwthitcd filsow from
rotary unions 41, 43 through shafts 40, 42, respective Further, shafts

) ly.
40, 47 haVEr ey iGN H oh e 1y iwsts bt ferafind t4d2 £ heo PRRHGIE S LA
26, 28, r i . moynt foratdans. al.l.ow.li.quid to be
distri but(g]g'sjgfﬁl?éom %‘%ﬁ t‘% }Oﬁgfegnqﬁ’}t%r%%“g?e%é}%@rf%sr}pg% iltv\gey,l%as
di scussedihdy sdie dgt gl mVal lrdotdle ariPRl0 GRHeORoBakkedl thel Mo
docket #M S921], cofiled herewith and incorporated herein by reference in
its entirerya vsSriiddal ofiemmmtibh fand Hersdants trdes wafphuiakiot yeaft isplay
nozzles. | articular, |ocated proxi mte to _and abqve bru 26 is a first
set of sp?g?/grﬁr)éz? wafer §'C]rﬁarrhﬁ":lp)},4 | oég_tt(?df Frr&ﬂer:r‘ﬁﬁélgt(?faﬁg‘eaﬁ’@\ﬁ?rbﬁd‘sh 28
I's ajgecopdesetc s ShF aya NQIZd &S d JAIdW)Y Yedothiid $hr@Ad $GRAE SqLR Of
spray nozzles 20 56, 58, spray liquid towards a wafer |ocated between
brushes 263f&8 fraspeciewetdeardar die tdnboditmeritot Ri4r.st Tand segomthczetis of
spray nozzles 56, 58, each conprise three individual spray nozzl es although

ot her nurbRPeaERd SBHEY YWREST csleanethd fusedhce WRieRo e tISNSEOEGtRSt S 44,
46 | f . dr.
are CO&Z%%&QHQ % e% S gﬁ% {ﬁ%%q.%d SIS &%Iar#'@fhto%ﬁ%nt‘%é. A r?‘d{t:f\(;.e

bel ts 45, respecti IS nounte 0 bearings

Sim | arl yspahadty #2y itnOUrE ecthd Min1aar iings. edendEroh sbiG d3iihea wdard i al
front view of wafer cleaner 14 in 30 accordance with the present invention.
As sHéwn 1% T FiBisheRIIRIES2054 are nounted to an upper novable plate
80. -6 O 3 SAN; 2003 rings; 48, r I able plate
82. Motors 46, 44 gggl%ﬁagoﬂ) rmunafledto%g %&ab@é%%%%%@%gg,mpgépectf5I ly.
Duri ng ussgcomdaxise 44t HG-Hotmtesahafirsredd,i A2 | msophosit, e waifeec idleher
thereby rotating brushes 26, 28 in 5 opposite directions, respectively.

General | y*4 bt C26 PRI ot AeFhemtEtes0 K0t 500 HHERHEh MHsTher
mnute TWEEOETs o UDPRL (Al £ A0 X SOWRIEh A 18 1] Ibiend 84l R P VoL B4

and lower plate 82 1s coupled to a secon 84B pivot 84. Pivot 84 is
couplaed avith sa cénder2B4dr1ich aosecd ol 1S efldwoedi.ngWaTeorcleaner
alter nativeI%/ to a plate 23A connected to hqusing 23). Also coupled to

section 28R FerEhen eI B S Ot EHY I3 & 204, 2piSECORBE LR ed

by a presspign 2s. Brushes 26, 28 are made of polyvinyl alcohol (PVA)
foam although other materials such as nylon, mohair or a
mandrel wrapped with polishing pad material can be used. 1In

25 one embodiment, brushes 26, 28 are PVA foam manufactured by
KANEBO of Japan. Brushes 26, 28 are located horizontally from
one another.
Located between brushes 26, 28, and defined by brushes 26,

28, is a region 30. Located vertically below region 30 is a

30 first roller 32 and a second roller 34. Rollers 32, 34 have V-



transducer 89 to upper plate 80. By controlling pressurized air flowinto
and out of air 15 cylinder 86, the position of piston 88 can be controlled,
and hence the position of brushes 26, 28 can be controll ed. ImgagANcgjgar,
when pi ston brushes 26, 28 are |ocal However, when piston 88 20 (nove n
the direction arrowin FIG 3), upper 23A. Since shaft 42 is brush 28 are
al so noved 88 is partially extended as in FIG 3, =ed at a distance from
one another. is retracted into air cylinder 86 towards section 23A as

i ndi cat egrdyvédes p) at &, 8Feé5edt 56 NPV etk HeWHITAS 23RANIO it hD pat-e ghHea-yu RIFer

pl ate 80, shaft_ 42 and towards section 23A. The novenent of upper plate 80
t owar ds &BetFTohl9BA causes 25 first end 84A of pivot 84 to al so nove
towards secti L nce, pivot i S, coupl.ed at its nter.. 84C to section
23A, the mti%ﬁu%}?@?iﬁst %Brldaléﬁﬂ%g’hésee@sctaon@elqrusé NS 8pp5%1|atfgs % orf %of
second epds S Dfe D VOt RSYary huSiords 410Per3 R eiBtRRYeS Eewahds 3% i on
23A, lower plate 82 noves away from section 30 23A. Since shaft 40 is
mounted ¢ skakes ptt e4 B2, respdet MEland Bhafit 26 0ar ¢ 2ahevenceat ratay from

ti 23A. Th t [t ., 0.3 JAN.2003.i.s t, i_st 88 i
o o B LS S S i e RIS Tt o B R A ek AR 88
s ext engetoaToyed pounis00 SAEI1GN 292 DihRE:39e12d arG,Eed avay

from one anot her. Further, e pivot 84 ensures that thée perpendicular 5
conponenshaftd otCe 4% unaverpeieerathiethdalrowhenfregdomsbofisishaZ68s 28), 4

equal and opposite to that of_the other brush (28, 26). EIG 4 is a parti al
per spect?‘?/e"%g%%@v RYUSRER 28 e%l%errel%qcﬁjé’cegé?'d%ﬁ@e“\ﬂ“%’ﬁe@he Bh&sent

i nv [ [ 4 (Ee¥iele] 0 eal n 90,
02 o fr%ﬁ%wﬁog%%&%q %%F‘?%S% 56 92q{u§@§a Zoll sRagLd=a, 1a% Dot

and runntogbtinloeigh2 beaz 8 ngrédpe st avelacorads idinmhidsedednshaire Geleda shafts
are not illustrated in FIG 4 forcstpur,poses of clarit iston 88 of air

| ; ) y). As p
cyl i nder V&bl i &t e3t endedPRIHCR EIR AT &N dF uifdonRext @)O%eﬁm#g‘d?%&der pl at e
80 slide t 5; __,L{ﬂa;i g sheaki 2..and 94. In
this rran%%?%i)%?a}%gf%‘gb?é %?%vlelﬁlt e C?L%aoéné{&rrt)V| ng&l %r})a%%&%r%gggi 8?\1 gg’csept
per pendi ent aretw. t he pl ane of section 23A. Sim |l ar bearings and shafts are
nounted to plate 82 which al so prevent, plate 82 from nmgving _in any

h
di retion exc®tepef peRPtutarftc-idre PrEAMESD HPSES o 25ASPFFE 5 is a
partial shdeyview of ﬂg%:?ié:ﬁs&@,nefoé&éil AEOAARC e Mol LReRr %%%%4

i nvention. As shown in , a drive belt 60 couples rollers 32, 34 to
roll er nb6ois 62. finst déetr il $Eya howdidaists. a Jumdder lyendboatied dri ve
belt 60. 25 puring use, notor 62 causes drive belt. 60 to _nove thereby

rotati ngPForFHBres3%0 aud 2pQge S‘?‘H{zﬁa}li%@ AG2 £ 555 ST96PZAY 98 whi ch

run throggh,hearsggs 90ri 94 @M % SeSRREIdMRINE FGE & LprayPalAles

frontal view of wafer cleaher 14 during use in accordance Wwth the present
i nveatt i oh6, AS8 shepmaB0liguid Gowardsid ivdder Drarsitesl 2etw2@nabeusheposi ti ons
66, 68, respectivelg éi ndi cat ed_ by 1’E)hantorg,ci rcl esf),. Wafer. 64 is then g_
0 3 JAN %gogza, respectively. 1In one embodiment, ir

st and second sets
of spray nozzles 56, 58, each comprise three individual spray
nozzles although other numbers of spray nozzles can be used,
e.g. four.

25 Servo motors 44, 46 are connected to pulleys on the second
ends of shafts 40, 42 by drive belts 45, 47, respectively.
Shaft 40 is mounted into bearings 48 and 50. Similarly, shaft
42 is mounted into bearings 52 and 54.

FIG. 3 is a partial front view of wafer cleaner 14 in

30 accordance with the present invention. As shown in FIG. 3,

bearings 52, 54 are mounted to an upper movable plate 80.
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inserted vertically through slot 24 into region 30 by robotic arm 10 (not
shown). Wiile the wafer is held by end-effector 11 (not shown@, brﬁsgﬁﬂ 26,
.28 are noved towards each other to positions 70, 72, respecti e:I)JA
Typical ly, brushes 26, 28 5 travel approximately 0.5 inches between
positions 66 and 70, 68 and 72,.respectively. At positions 70, 72, brushes
26, 28 contact first and second surfaces 74, 76, respectively, of wafer 64.
The perpendi cul ar conponent of force (force exerted perpendi cular to pl anes
formed bjeasninagess 7450 78rof mowriead 64) a1 ( awesr medrablebplaite282(.and brush

28) on t fer 64 is neasured and controlled. For _exanpl_e, measuri ng
and cont@%ggfﬁg‘l‘ hed‘?p?fﬁ %I‘(%?tr%ﬂ“bﬁf‘%itﬁ Wvﬁlﬁpﬂ@&eéura@'tgénsducer 89
(FIG 3)rebpeceenpepdi Cohaingomnonae s f0r ca exeyded Rnbrushes ?4% 28 on
to wafer 64 is nmeasured and controlled. Generally, the 15 perpendicul ar
conponeninofpposite edireetdibys eavietnhys rambdafe bBkhes 12€ss 28ham 50 pounds

per square inch (PSlI) and preferably is 5 PSl. End-effector 11 then
r el easesCRBPRI *B491F SBI‘?Egar’FﬁﬁEFCI s erﬁ?”@:ragetyor% Smakaf e8

I t i I in FIG 5,
vt or 64 S ReTa By Frnahen 30 Sog W A PP B ISR ushes 26, 28

are then causkdrtherptappebyphate BomiiorcouwpledEd B ERre?, e3P, 84A of a
respectively. Servo nptors 44, 46 rotate brushes 26, 28 at substantially
the sanePspekdd4 Aandhbarer et 8 I ehwrded $25 Fecardd sePo 8l s and
brush 28_i of at ed t g5 cl ockw s rotati f shes _26,. 28,
forces V\%Iz?E Gélg(topggﬁgs?IiIO% Iéé’zllIIIé?lIeer1d -HEG%_% ﬁaeﬁt%r}\/%ércgrg\%eg %&c of

rol lrs 323 38, hoespret 2velyr dhisrrengagas, waf ef H4tle0 230l kehsie3tedB4o
Motor 62 then causes rollers 32, 34 to rotate which, in turn, cause 30
waf er 641P¥SiBFaRe) - GehbFal FouPleR tmfwachion A3f df &0 Pdss WRARBID RPM

g p 3,JAN 3 , re. f the_insi de out by
liquid SlBJ%bI iéggt Sgyrclﬁg%%sg%G?gggfprloéntII%IIa%I ?%ﬁeé%rps%%traent%iugﬁ y

si mul t angpassiuckir sb apduppepnsised s®f spray nozzles 56, 58, spray liquid
on brush 26, first surface 74 of 5 disk 64 and brush 28, second surface 76
of di sk 64, rBgpeentyelying pressrigashdiinerlowaidio @nsdawait f fagm her

i ncluydes _thir ng_fo h . of spray s. 57, 59 | ocated bel ow first
and Eocori kaiefof kit "RaSh TSt B B R RE R i) oG S 16 1o
st age of ntheewsher p6keaibAgotybheshes fig st2d idt bd ccnprayaed.rommset s of
spray nozzles 57, 59 (or 56, 58). During a second stage of the wafer

cl eani ngPeYeieularsec¥Bad PLEEPY $% Jsiar%aﬂ%t&aflrldm%@t@d%ﬁ $r & HdEz| 8s 56,
58 (or 5 r applLe irst. |i.qui ur, and the
second 1 r??%%?dggénggegg%- I%Ir:l?g%% %Agtaerdﬂ%a?leé‘eﬁgtl%\?ne%y% ta%%g%%%é l'iquid
can be spoayedr{rohesebsisobnsps ays noxztess &b, ikl 6, HAisiden Baneous! y.
Further, additional |iquids can be sprayed duri (r%gs vari qus  stages _of the

vaf 10 cl $BAVRE ajcFBebylaaar AR deRiaTShaCYetan 3 A @y idsAtes byp the
Al t ti ) 3 figst . Of I ' d,
erna wgw 1B”IEXF.' §§f gcgg:ﬁ?gzgf{kg%sé;%ts%&oafl% WoPLH Z GRi el s%%tﬁi:%gz use

but i ndividual nozzles © spray nozzles are ed to
di f f erenk3hi qustlacel Bhhbts4panaenoursedd® cio eppZ Zd et C @0 , S phayf td i4fof errent
liquids at various stages in the wafer cleanjng cycle. 25 The fl ow of
liquid tBrBElsR8says, a%BOaHGVPIir%‘?Wa&F%F s%%‘?ﬁfﬂdafs@cgb‘of spray nozzles 56, 58

is controlled i a ] v, f.eed aixn t
shown) whi ch Ta‘IIé gpg%ggtt ggsﬁgﬁgér@oa/@éﬂa\?n% ro %’?yste%rﬁl(;%%s 22f %}ZII(S%%
respesti ¥ekytasddsets of ppray 60zzd esiHb medd: tawdd®y sddrd cepersal.i on of 30
waf er cleaner 14 is controlled by a conventi onalgo&r ogranmabl e | o%j c

control | 8EREPLE}VoEoR4ekEnpPEPbd 2 PLG SrotRitern £rp section 23A, the

motion of first end 84A causes an equal and opposite motion of
second end 84B of pivot 84. Thus, as upper plate 80 moves
towards section 23A, lower plate 82 moves away from section

30 23A. S8Since shaft 40 is mounted to lower plate 82, shaft 40 and

brush 26 are also moved away from section 23A. The net result
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0 3 JAN 2003 manufactured by Control Technol ogy Corp. |ocated in Hopkinton,
MA. The conbi nation of the scrubbing action on the surfaces 74 73 f fer
.64 caused by the rotation of brushes 26, 28 5 along with quui@% A&Z@@

t hrough brushes 26~, 28 and by sets of spray nozzles 56, 58, renoves
particul ates fromsurfaces 74, 76 of wafer 64. In particular, particul ates
axe scrubbed from surfaces 74, 76 by brushes 26, 28, respectively. These
particul ates are flushed from brushes 26, 28 by the liquid 10 supplied to
brushes 2%, thes: twipremghi ster 188 48 trafanadebrusaesi @6l ak8s amei covade

| oosened_by the scrubbi action of brushes 26, 28, but, renain on surfaces
74, 76 ofSTRHY I AU TIOMRARTAE2 38, ¥ SBer q0Pd Spaif Trom
sets of BpEAYsdWOZZLLS2 D), &?rus@yesorzeentzm&f@a;n@ve%a%q‘éy@%&nceldey i nst ead
of horizontally, the renoval of particulates fromthe Surfaces 74, 76 is

enhancedandtthgrar t | Budtaigr bytloy imihton @ amerurts \chatti calel perpequiidd@rayed
on to surfaces 74, 76_of wafer 64 and particul ates trapped. in the ljiquid
have %a tEPMERMS Y oo?YaﬁcPr‘?er o"{'f %Fcéises%ﬁ-’,lbﬁé &f@% ﬁ’lfa\‘?ia{:;?‘. birjisky (28,
contrastygy f; wad af“aﬂ@rc?pa@élﬁég et N9{dz yH Sllhl?yotﬁ’ﬁgleb%ﬂlsﬁt qgis")mﬂsq tend

to be noved arouhd on surfaces /74, 76 and wo not as readily renoved.
Thus, wafer ciBanet il 4 pparid Werrdpeareide suiewedtf aaflear gdeagieanaider
wafers in which particul ates nust be renoved froma | arger surface area.
For exandl ACqREERNSS Wiidaidie presearivantdony wasl sigwpednf §L%| dani ng

200 i . Y i i f .
vert@aﬁﬁ%ﬁ%%&g&ﬁlﬁ}bﬁb oﬁlogsaullr:ug%:ereg?]'fléy?gr'ls?%L:aggn\gguglr31}?1%#191&gani cal

stress ofh¥aled Bdatdndd e zed.idh Firstheerided likedpenperdaad ar
conponent 30 of the force exerted by brush 26 on wafer 64 is offset by the
per pendi BWINg onporiedh REALING I de& exdandyimpolpih izgdoghaft (these) AN

Q03 wafer_s4 e rpjgﬂg'c C nt,s Of I ert.e % .each brush
of the wa aeftsl sé%—%uré&an O%)%POASI de o{ tgja't 4offootrh§%5%%§r )ébrous%.:L %ly ," the
net forcgs Wi sthon Se@xef tetk oy Wa{ddr 6% Bs ktshe2end2etTasttest ad al |y
parallel to the plane formed 5 by surface 74 (or "surface 76) . Since wafer

64 has tHePYF catabe HecrVedaluRRIRAEIFS B Wisdesard ongatde ohedier 14 is
wel | sui %EI‘?’%l‘;rg% {298 dé%a”a?ltners ge}os,ksgz (Laar{cﬂ‘}l i %?E%Esﬁh.%lﬁ%&%?“%{}%kg’er

fl ex"when IS exerted A ane ‘perpendicul ar” t67SI

waf er 64ghass heesv st edd beebr Qo iy edetaiyridiat qididno@xekpli me, general ly 30
to 120 seconds_and typically 45 seconds, the flow of liquid to brushes 26,
28 and sRESPHIAEPREFT ey ke BRnset jseaHan @R SHESHaRE Seryings

simul tan S e taft i f I , r 6 i
stopped.g’%%oérﬁigégf%%e@%ﬁ?@ﬁé ioéslag{)eznsggd,thio hg?i :15% a%r%n%%%nl%n (:aLr%t%sﬁa 2

end- ef f ettt ddvimdg ois| iy 234 warek idre eentkaf freatpenditbudRgages thaf el sove
Then, Brushes 26, 28 are noved back to positions 66, 68, respectively, and
robddd ¢ @f nFAPF PR waf er 64. Wafer cleaner 14 is now ready to process

another waf erp;20 Ongs diffigujly Wdd JALIY s WA 1MR0kS" S4 grvertical

accordance with the present invention. As shown in FIG. 5, a
drive belt 60 couples rollers 32, 34 to roller motor 62. An
idler pulley 61 maintains a proper tension in drive belt 60.
25 During use, motor 62 causes drive belt 60 to move thereby
rotating rollers 32, 34. Also shown in FIG. 5 are shafts 96
and 98 which run through bearings 90, 92 and 94, respectively.
FIG. 6 1s a partial frontal view of wafer cleaner 14
during use in accordance with the present invention. As shown
30 in FIG. 6, initially brushes 26, 28 are at positilons 66f 68,

respectively (indicated by phantom circles). Wafer 64 is then
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di spl acenent due to eccentricity (unevenness) of brushes 26, 28. FIG 7 is
a frontal view of wafer cleaner 14 illustrating vertical displ acggar]mg 0
wafer 64 due to eccentricity of brushes 26, 28. As shown in FIG "7, Q
64 can be vertically 25 displaced fromcenter position 64C either to the
left as illustrated by position 64D or to the right as illustrated by
position 64E. O inportance, as the art noves to |arger dianeter wafers
such as 300 nm di aneter wafers, vertical displacenent of the wafer

i ncr easestiwrtAYy VHinkdradiourhrougdo sdetedtr Lokpyregiprudfely 260bogic- 12

0 3 JAN 203 e vertical displacement of fer 64 duces_the_peljability
of end- eft'dttor TPY § dgin e|3:51§47”a rSI’]IBWHe:Lﬁ EYCfnélfeg\ﬁ%ﬁ{:%f & 64
i s in posiddionspAid)as HhmeRles, 28" BrtlAcobaendwalhgckoenldrgapt ast s waf er
64 before arm11B. In 5 this situation, when vacuumis applied to

end- ef f e@aritlibrtso Mucti2on rasgpeatlicedaf.er T ickatik, obritahesn €, cdAt act
between arm 11B and wafer 64 prevent forpation of a,vacuum seal _between arm

11B aRd Wefare 6 £PPHFX mol'éal%nlcg‘e&e @Ef’”@&nug?ﬁbt(’ﬁﬂ@eﬁ?i%‘f‘iﬁl 70, _
end-ef f eg;rg% F£C m;%ﬁiv%f% . bhtdgb%%'iw_saﬁf) bai | yresRbsthg, vaguum line

connecte end-ef fect or 0 reach a sultable subatnospheric pressure).
As a resudntangagjamnmntamt ssaiced Ghrfiacksernd, effEectespédtiselpprded and
endeffector_11 is noved away fromwafer 64. The sequence is then

reini ti atfe% Yhce TfaleRNEHSULIAS SRFRGESRAT 6F 62TGF hERHES 15%eFFeEt or
L1 |1 aGEOIIANEE WL dNGIMRSCHoRKCRY Qe eball he 20E JP G2B.DAYE) a

single a ctor to nove wa ustrafe, instea f “havi ng
an end- efd:eotd By Widsares (Bha aitshlBg)apnend- ehfeet or wsthegnhyed
single arm e.g. only arm20 11A, can be used. However, as shown in FIG 7,
even if a@nemPrErrEciast WRIF GHarrdesi byl deashring and gesiroyhindntkan

52K A GBI 1P S ALt A OICDL RSLEED 851314, 289 el o
the perpendicular component of force exerted by brushes 26, 28
on to wafer 64 is measured and controlled. Generally, the

15 perpendicular component of force exerted by each brush on wafer
64 is less than 50 pounds per square inch (PSI) and preferably
is 5 PSI.

End-effector 11 then releases wafer 64, robotic arm 10
removes end-effector 11 from wafer cleaner 14 and door 27 over

20 slot 24 is closed. As best seen in FIG. 5, wafer 64 is held by
brushes 26, 28 at a first position 64A. Brushes 26, 28 are
then caused to rotate by servo motors 44, 46 (FIGS. 2, 3),
respectively. Servo motors 44, 46 rotate brushes 26, 28 at
substantially the same speed. As shown in FIG. 6, brush 26 is

25 rotated clockwise and brush 28 is rotated counterclockwise.
This rotation of brushes 26, 28, forces wafer 64 (to a position
64B in FIG. 5) into V-grooves 36, 38 of rollers 32, 34,
respectively. This engages wafer 64 to rollers 32, 34. Motor
62 then causes rollers 32, 34 to rotate which, in turn, cause

30 wafer 64 to rotate. Generally, the wafer is rotated at less

than 500 RPM.



Accordingly, displacenent of wafer 64 increases average wafer 25 cycle tine
t hus reduci ng throughput and increasing the wafer processing cQst. To
.prevent displacenent of wafer 64, referring back to FIG 6, a i?ndéJN 2003
110 can be used to align wafer 64. Typically, finger tip 110 is forned of a
relatively chemcally 30 inert |ow particulate generating material such as
pol yvinylidene fluoride (PVDF). Finger tip 110 is typically -13 0 3 JAN
2003 shaped as_a block with a V-groove. 112 cut intq one sjde although other
ehapes hovi ngBE0obgRoske 2125E8ntBERChER AT THEN o HRARE THngRF i p 110
is a rol @V : M=0FQ0 Wh ] : is&in the hold
positionhggugﬁlﬁggpg%ég F% %?%%ﬁ%? agfe?@GEf@gqﬂg%gﬂié%abéﬁzlhe apexes 114
and 116, stb8tehtVajilgogésultanaodsBg, B8rst espdcdemmid/,sdtmiofensgirdyng each
wafer 64 is in the same position after bein%hscrubbed by brushes 26, 28,

i .e. wheRCBFLtEReS6265828SRRAYWALERIB4OR | AV SRR 12F r o T P U HES rThPagai n
to FIG 5. fi i | d ' 120 or,
o FIS piki B9ehnly Brddf) b%?ﬁé?ﬁﬁ& s P%%@? ieﬂégeég 1%10%]9%%’ or

alternatively, is Integral e en ase section 122
of fingeketp@ctoppdyi.te finger tip 110, is attached to a shaft 124. Finger
tip 110 is 15 noved between a rel ease position 120A and a hol d position
120B by rot at fBnose smhpdiment, Adaaswpleansr &8 Surthpr inHades &fhind of

shall 128, 5ARLt0Lbed, B BELO LBl 40008 Lo SENVBLLG ol er

actuator?ngcﬁﬁg o) S out side of  an inner 128

whi ch degipesdt Bergavict ¥pkr-ByWabeh1uaf s¢, 648 | sr&dpanetre Shaf toukdhd s | ocat ed
and rotatably held at both ends by inner housing 128 (or by one or nore
bearitgs farsbchsageocfnhbe walierngleasing Srivtle 122 firgferideandidulsaar to the

| i tudi | i f b h 26, 28 d | to t | 25 400
to O ned 5o KBS, 2k, BRRESF BPhakouceal88ts rrha cfot 1¥s D Sttty
vertical Ly sabgue %Qaiganoé‘otaet Wﬁ?@rbéyéaﬁ§n%?¢y8ﬁa, To seidiarinenthe exact

| ocation of finger 120 and thus finger tip 0, one or nore sensors can be
enpl oyed spyayeds&rohesposi PEoRPBRYsharela456 Thed f e edexdrdled Hoxf i nger

(12 119 30,g0puel 2.0 80,1010, poLL.on 1208 L o SOl oLled by Lo 1o

15 liquid can be de-ionized water. Alternatively, the same liquid
can be sprayed from sets of spray nozzles 56, 57, 58, 59
simultaneously. Further, additional liquids can be sprayed
during various stages of the wafer cleaning cycle by adding
additional sets of spray nozzles.

20 Alternatively, only first and second sets of spray nozzles
56, 58 are used, but individual nozzles of each of the sets of
spray nozzles are plumbed to different liquids. In this |
manner, selective nozzles can spray different liquids at
various stages in the wafer cleaning cycle.

25 The flow of liquid to brushes 26, 28 and first and second
sets of spray nozzles 56, 58 is controlled by opening and
closing wvalves coupled to feed lines (not shown) which are
plumbed to shafts 40, 42 via rotary unions 41, 43, respectively
and sets of spray nozzles 56, 58. Further, the operation of

30 wafer cleaner 14 is controlled by a conventional programmable

logic controller (PLC), for example by a PLC model #2600

-10-



0 3 JAN QO03 force exerted by finger tip 110 on wafer 64 is |l ess than the
anount of force which would cause the wafer to flex, illustrat ivgl yAstwgle
.pound or less. In accordance with this enbodi ment of the present 5
invention, wafer 6 4 is | oaded into wafer cleaner 14, cleaned, and unl oaded
as follows. Referring to FIGS. 5 and 6, initially brushes 26, 28 are at
positions 66, 68, respectively, i.e. are open, and finger tip 110 is in

rel ease position 120A. Wafer 64 is then inserted_vertically thrqu%h slot 24
into reghdMUBRCEYrad PHHRT A meBHATYs K6%R) LeCRERSt 1oEPPRERTORA.

Robot i c m 10 then |l owers wafer 64 into V-grooves 36, 38 of rollers 32,

34, respectively, i.e. into position 64B. Actuator 126 is then activated to

rotate fingerThépcddPifidoion bfasee prsibbihgl 30Aiba bal dheosutiferek20B.
Accordingly, 15 V-groove 112 of finger tip 110 presses on edge 22 of wafer

64. As udtd heref nwaler 4 cerps s B thiee npdléd opuPér belsbesf éfenkiBal edge
whi ch. extends between wafef surfa 74, .76. Roboti.c. a 10 .t hen rel eases
vvafe% 64% %%ﬁn%{‘/fe% TE o ﬁ%ﬁ%ﬁrleccfgtgﬁeorugﬂgrﬁg s2?%(‘,I %?e?ngngybtsﬁgﬁes 26,
28 nmove @0 &9May dSoLATEs 0441Er54 0 RAFdPRRredculdt ek EROm kU cels &4 ,ar €
cl osed. Actuator 126 is activated again to nove finger tip 110 from hold

posi ti on74208 watkrt ot r el Baspepogivtliaon ROAicBlaskss a2, s28ubhgdwdfrom 64
are then rotated d liquid supplied through shafts 40, 42. and spray
o771 oo SEEEREER o 76 S e Hhue A daREGTA VEL Vel odRERES o 64, After
cl eani gy, Bc 43l e d 26rd Sr ACI SR ELAGHYEHR BRYVE 281 BYekhbl BidL95f rom

rel ease position 120A to hold position 120B. Accordingly, the edge of wafer

64 cant astspMigdoowebtighe¢ypi€al 1y @irauglofshedic sdiedt, anée from apex 114 due
to vertical 30 displacenent of wafer 64 as described in reference to FIG

7. Brushes 265U58R%Fe PHEN FbLAP DR T 3565 ilOP5RES66 PYeEie. $5TUbBizg)AN

2003 resz{?@ﬂéﬂ%%b%m@heérﬁs opgned,, As-hrushes, 26.r28.ar 940peped, vafer 64
slides along V-groove 112 to apex ﬁ4. Wafer 64 slides along V-groove 112

since acvaf¢nred26ars fbusked efpdatad akpriassds biyndequtidp spi@yedai nst
wafer 64, It is understood 5 tgat finger tip 110 noves downwards slightly
as waf er “52M sFEHR SO BRERY-BP P 3P apd¥ PT4ETALLGr URhGFY S 4f i nger tip

110 yey pove; shightlyselakiobd Rosi £d N 15208 t‘MéeQe%@%'ie%fZ%ar%%cﬁrl‘ét%en_ed-
As a result of belng seated in apex 114, "wafer 64 is held 10 at the precise

| ocat i onfadtmwbhe hsnwobates a4 m 19 imedieercgt.oglanpedticudagagbywaf er 64,
Lo bt e APEXeSatdd e e A, VA QAP L prEGed On T SLERRSEL Vel Y-
74, 76 of wafer 64 and particulates trapped in the liquid have
a tendency to fall from surfaces 74, 76 due to gravity. 1In
20 contrast, if wafer 64 were oriented horizontally, particulates
would tend to be moved around on surfaces 74, 76 and would not
be as readily removed. Thus, wafer cleaner 14 is particularly
well suited for larger diameter wafers in which particulates
must be removed from a larger surface area. For example, wafer
25 cleaner 14 is particularly well suited for cleaning 200 mm and
300 mm diameter wafers.
Further, by orienting wafer 64 vertically and by scrubbing
both surfaces 74, 76 simultaneously, mechanical stress on wafer
64 is minimized. This is because the perpendicular component

30 of the force exerted by brush 26 on wafer 64 is offset by the

perpendicular component of the force exerted by brush 28 on
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Door 27 is then opened and robotic arm 10 inserts end effector 11 which
engages wafer 64. Actuator 126 is again 15 activated to rotat eadi ngg& Mgg
.110 from hol d position 120B to rel ease position 120A. Robotic 131 t
noves wafer 64 up from position 64B to position 64A and then out of wafer
cl eaner 14. Wafer cleaner 14 is now ready to process another wafer. It is
understood that in other alternative enbodi nents, 20 other mechani snms can
be used to.conirol e position of finger tip 110A. _For exanpl e,. i nstead of
movi ng f VAGRF %{*p 1&%}5%‘3?5?%“ %Heardé%“}?&leg‘)‘fsv\ﬁ eﬁogﬁea§x§g§&q 5% above,
finger tipcdlfA; RN Pe- 1l Upd £l Ofs AARIWISS @g;%g_ita aobkane Ber pepdi cul ar
or at an angle to the plane defined by wafer , I.e. from 25 either side
74, 76 obdtimef dprédh.) n Tines al tler natt idmebodilchnts exkrihgdr ohi wafEIA 64
(substantially identical to finger tip_ 110 as di scussed aboye) can be

att achedegbf‘iﬁ%h"é%dz%'f 2P p’r%t%—ipsitﬁ?tdfal]éﬁ’ Fer2adeoatedtof Phaer forued
and Toun BB TrmeT s e 10 e 166 ¥o5ak 5628 Ehen s eenas

t hr ough mesksinbeasi amgrdPeh Fmgehid iglakik)AwaEelrocakaderenti ¢al kielabove

region 30 between brushes 26, 28. In accordance with this enbodi nent, air
cyl i ndersuiped sfepntargeriamesae i sife r dlragerpAdenstesodigksove i nger

and hol OSATERT b HEFE I TRaR Y dH TATond: g, ~TROS er S BN skl M nger

tip 110Acensy@berab is controlled by controlling the air pressure provided
to air cylinder 132. Oxherwi se, processing is substantially simlar to that
10 deéscri bed Ahteeferkemrcest dids mran m\é?gmsdf ifeger prpdetermined t her

enbodiment . . finger_tip 110 (1 b Varooved _ral L er .which i,s capabl e

of rot atP'ﬁEl%‘? n‘?fa?lr{‘%’ rorT $%_P§%,3C(g}.o I%hzaoa COT gﬁcgn\% ttprtlﬁlagié’I t‘%r naltoi ve

\?mnbf)di Mestcohdfgetnd i P1ddt lof LA Ly OARIHRd 2ehobd pasi ket E20BHrL30B)
ile

nozzles 56, 58, is shut off. Substantially simultaneously, the
rotation of rollers 32, 34 and brushes 26, 28 is stopped. Door

15 27 over slot 24 is opened, robotic arm 10 inserts end-effector
11 into slot 24 and the end-effector 11 engages wafer 64.
Then, Brushes 26, 28 are moved back to positions 66, 68,
respectively, and robotic arm 10 removes wafer 64. Wafer
cleaner 14 is now ready to process another wafer.

20 One difficulty with larger diameter wafers is vertical
displacement due to eccentricity (unevenness) of brushes 26,
28. FIG. 7 is a frontal view of wafer cleaner 14 illustrating
vertical displacement of wafer 64 due to eccentricity of
brushes 26, 28. As shown in FIG. 7, wafer 64 can be vertically

25 displaced from center position 64C either to the left as
illustrated by position 64D or to the right as illustrated by
position 64E. Of importance, as the art moves to larger
diameter wafers such as 300 mm diameter wafers, vertical
displacement of the wafer increases for any given amount of

30 eccentricity of brushes 26, 28.
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15 wafer 64 is rotated during cleaning. In contrast, when finger tip 110
(110A) is shaped as a bl ock having a V-groove, finger tip 110 (8-804 N mﬂl d
.be retracted to rel ease position 120A (130A) to allow wafer 64 to ro
during cleaning. In all other aspects, processing is substantially simlar
to the 20 processing descri bed above. Advantageously, finger tip 110 (110A)
hol ds wafer 64 at the precise | oad/ unload position at which robotic arm 10
has been prog fer i.e._ between exes . |14, 116, 118

d
of V-grooves %%gngééglggggag§5£a??@%$§ © dﬁ%@%ﬁrﬁﬁ3fe SR 64 is
reliably.and.repeaiaBke.gn0aged-Pyr end- £ fé%‘%t o h Jaaﬂ—:'-i:c's'lg the awgnage

cycle tinme and manuf acturing cost associ at waf er processi ng.
Furt her, ims@IGf f7i, ngkent wpfat064 119A)n iosiedlors d4echd am ws@ampilidh, dotibl e

ar med end effectors such as end-effector 11 illustrated in FIG 1. 30
Al ternat ivé ¢f grrRrEfechrredleftRetfettiisarr bdafaxe arw 118 3 TN 2003

s 2 Lurichet aLLeLRALEYeynELNgEL,LiP: 310, CLION. £1abl o5 dios il 3 valer edge

gri pper ins a cbnven i onal 5% particula r edge

gri pper %ﬁh@ﬁ@e& waticho®d Wifedges 221 afid &b e tioia e daniaombtvwadd ages 74,
76 thus 5 reducing or elimnating the possibility of contanlnatlng waf er
surf aces 128, ang. wagegnfpl prevenedieriptbperof @ sipayun igads h@dg@eznz arm

PL;2?$Zn§gB ﬁgggu%gggvgghelaﬂfglp%%@%mgg |ﬁ§ﬂd%|[§ﬁﬁ%q%%?%ﬂ) al | owi ng use

of a waf ebneddeighbppehdiasteadoof téclibronyem ipnaly enderfdiecgt @. Tn sone
manuf acturing processes, it may be desirable to clean wafer surfaces 74, 76

and afso fmdflureedfethe. vIounncoipei shnredised itmstarudt efffasdiar 14 \tgr ooved
waf er hol der,as ill, fin (or_11Q0A) can be a

e o LeEaEn S FukERRAE B s BrattheRt 6 PR e 2 DA Cal conol

(PVA) foalgaBkherns Bﬁh@bEeQFGQOhhﬁﬂlQﬂdF@E&éﬁ%é%lft -1d ARG ntE Mdh
this embodinment, finger tip 110 (110A) is held in hold position 120B (130B)

whi | e wakdfestiors 1iotat mdvedr angy cframi wrff eTHifs, fThﬁgeErequqmcmcLS( EHGA)
scrubs the ,wafer e brusges 26, 28 scrub urf es 74, 76,

> enoct | deiltinrEaIR a2 Bntll BEalh REFERE’ A ieY it o i e

enbogi nerisrowaber 16l eaner 14 has both a V-grooved wafer holder and a wafer
edge scrubbing pad. For exanple, referring to FIG 5, finger tip 110 can be
a V-grooved waferczsriehder wahl thﬁg@¥e$¢¢ﬁlﬂmﬂ$mkwpmmanpmﬁﬁkﬂ Sy el 0

scrubbin or visa_versa, er_alternative e V-grooved
waf er ho%@ gaggnabglﬂgza PSthPg ?%geﬁk?ﬁrto vefﬁ?éﬁﬁ |pgq%io and 110A
can bot h jheuesedtko Hﬁ'sdebt‘leo\ﬁ/ahgfrlnBeiﬁréﬂldl%ﬁﬂb&& 1h veytHISiHg tvo waf er
cl eaners 14, 16, 30 segyentlally, a wafer can be scrubbed and rinsed with

two di ff@rnéintn@m @tni ene-effegherebbli pRhy afﬁiﬂrn@@rﬁ% §{fe Or8Y W JAN

2003, 5cr in VLI an aes‘p%ryt@ LOr _
surfagtaggaévgl gFr E#E%ggf %@%ﬂ§ The scrugtlng |qU|31|§H%%fer
cl eaner la&fle%tdﬁ* mmhzaﬂl\yaheém&mesmmrﬁnzgeir@nisecs, ped dingril | et Yl etly ant ages
since residue on the
from a separation 102 caused by misalignment between arm 11A
and wafer 64 causing the wafer engagement cycle to be aborted.
Accordingly, displacement of wafer 64 increases average wafer
25 cycle time thus reducing throughput and increasing the wafer
processing cost.
To prevent displacement of wafer 64, referring back to
FIG. 6, a finger tip 110 can be used to align wafer 64.
Typically, finger tip 110 is formed of a relatively chemically

30 1inert low particulate generating material such as

polyvinylidene fluoride (PVDF). Finger tip 110 is typically
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5 wafer fromwafer cleaner 14 is readily renoved by the water rinse in

waf er cleaner 16. However in alternative enbodi nents, other scrubbing
liquids are used, for exanple acid or caustic solutions are usﬂa@ iJANeDb03er
waf er cleaner 14 or 16. Further, it is understood that only a single wafer
cl eaner can be used, 10 or that several wafer cleaners can be used.

Al t hough the pr esent inventi on has been described with reference to various
enbodi nmen ersons {med in the art wll recognize that changes may be

made in F F‘H? nasd@t Phohit 2 depErIT iy Froofithet s A &tdSscope of “the
i nvent i oaltﬂéugﬁro@ﬁ@mﬁa é@%mﬁ@g &w_%&gﬁw Ay ¥ Iy rgé'dar gl | con
waf er, glass wafer, ceram% waf er, oxl de tungsten waf er although

ot her typms e&bmﬂﬂmestcaﬁihgensetb o therg @ ilepidlawialg @y -yalodes f or
operati ng gararret ers such as the cycle tinme, rotational speed of the
brushes, 1tét ati onal speed of the wafer 20 and the perpendi cul ar conponent

of farce exeryedoby, phe, bryshes, on, the val ar have hean provided, b s

understand tha ese are only i R an hat "ot her

can be usadrdepesdi ngrepopst he ReId iwadwderapiid Ca-?}ié}ééb 1hur &her 11al,t hawgh
finger tips having V-grooves therein are set forth, it is 25 understood
that fingérVtgpeonas| h§2o@h‘ér3$ea&% e@e@mtlasebrottfms r\?@ts@liréggcmee used.

Thus, the nve |oan mted on foIIovm clalms 0 3 JAN
Q03 VE & % subs ?a? m%l%ééé/nll“ e appara R RFERETG bé’ first

brush; abgasﬁeg beushs| ocat edwher i BRIEIEd Yod 1 018 said Wdfex! or yshiich first
roller and a second roller |ocated verticall y bel ow said first brush and a

sai dt&ecoatdabingh; and a finger tip located vertically above said first
brush and sai econd brush. 2 bsirate cl eanl parat s of daiml
wher ei n said g?ﬁSEFngpaﬂﬁén t‘f’lggi’g \#’gr%’d'\‘/%eq ntjéhel %ta?E‘&dsﬁﬁst rate
cl eani ngaﬁpaﬁaawsfeﬁg&awb Zoi‘me&ﬂé!réaﬁ!ﬂrél Stid O_Lﬂt.f‘égrhﬁs wa t$e¢qRd

V-groove and said second rol has a third groove, said first V-groove,
sai d secand Vfgf@ogeramaosala lb$n$¢ dsatigxcvmvle?%e:ﬁf i ITgger WPt c@pesite

| oodh un gad pestiion ot Ine. subislaate £l gening, apperalus oL G abp L.
sai i i ngs&edSbemeeﬁuasgé%sseI ﬁ@@ii‘ﬂox@%@té&ﬁ of Hd Phiwhiereinozai d
by rotation of shaft 124.

As shown in FIGS. 2 and 6, the rotation of shaft 124 is
controlled by a rotary actuator 126, e.g. a pneumatic rotary
actuator. Actuator 126 is mounted to the outside of an inner

20 housing 128 which defines the cavity in which wafer 64 is
cleaned. Shaft 124 is located and rotatably held at both ends
by inner housing 128 (or by one or more bearings attached to
inner housing 128). Shaft 124 is perpendicular to the
longitudinal axis of brushes 26, 28 and parallel to the plane

25 400 defined by the centerline of brushes 26, 28. Finger tip
110 is located vertically above region 30 between brushes 26,
28. To determine the exact location of finger 120 and thus
finger tip 110, one or more sensors can be employed to sense
the position of shaft 124. The force exerted by finger tip 110

30 on wafer 64 at hold position 120B is controlled by controlling

the air pressure provided to actuator 126. Generally, the
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finger conprises a base section opposite said finger tip, said apparatus
further conprising: a shaft attached to said base section; and a rotary
.actuator for rotating said shaft, wherein said finger tipis mﬂ/gd‘]mtmggan
a release position and a hold position by rotation of said shaft by sai
rotary actuator. -20 O 3 JAN 2003 6. The substrate cl eani ng apparatus of
Caim5 wherein said shaft is perpendicular to the | ongitudinal axis of

said first brush and i d second brush, 7. The substrate cl eani ng apparat us
of daim WFereé‘ferFtseﬁsg’ysl‘f&F‘tgeffsthr ii‘LPe‘PntYﬁaEﬁ’é ot ahe ﬁ%‘??n Byt ife

centerling@fnsald ddsed JishwandasahlsseerRd, PEUSh 5 81 dhe substrate
cl eaning apparatus of Claiml further conprising a piston, said finger tip

bei ng at tiakhest tat iarelond soonsapdupidstonle8s. The substrate cl eaning

apparatus of Caim8 further ¢ ri.sing an air cylinder conprising said
pi ston, wher eitF SHPIINGE "%litg‘nigglﬁn9 CENSRENCS Hof dp{)%g%)‘ﬁ on and a

rel eage PORIdAONDY JIRLGMRAL ;af 1§§?9d%ﬁ£§?‘w9fe§a&ﬂ%ﬁﬁé Cn\.’+' “Qf%anég- The
appar at us of alm 1 wherein sai Inger tiprs at ird rofler aving a

V- groove driieneilvaded a4 fwhdbkivat eReFeaping Sy SKFEES CORPEnGi g iMet appayat us
of aiml1l, said systemfurther conprising a robotic arm 12. The substrate
cl eani ng A® AZ%H ArEL aftuPPﬁéF‘-l@EFrp?gsi 08, areeprCceiYekYoriagt aghed to

a1 d end- e g s R R L PP S RS fon A O RRE SR g

system ofi JtaidA lih e Reg@iidai2d thaodghadl 3003 engkeffogion 36 BySingle
arnmed end-effector. 15. The substrate cl eaning apfar atus of Claim1 wherein
sai d1Pi ngeabatiis combrlidsdaor shbyr) ate &dyetsepabbiely bY: Robotic arm

10 then lowers wafer 64 into V-grooves 36, 38 of rollers 32,
34, respectively, i.e. into position 64B.

Actuator 126 is then activated to rotate finger tip 110

from release position 120A to hold position 120B. Accordingly,

15 V-groove 112 of finger tip 110 presses-on edge 22 of wafer 64.
As used herein, wafer edge 22 is the wafer outer
clrcumferential edge which extends between wafer surfacesg 74,
76. Robotilic arm 10 then releases wafer 64 and moves out of
wafer cleaner 14. Door 27 closes and brushes 26, 28 move

20 towards each other to positions 70, 72, respectively, i.e. are
closed. Actuator 126 is activated again to move finger tip 110
from hold position 120B back to release position 120A. Brushes
26, 28 and wafer 64 are then rotated and liquid supplied
through shafts 40, 42 and spray nozzles 56, 58 and/or 57, 59 as

25 described above to clean wafer 64.

After cleaning, actuator 126 is activated again to move
finger tip 110 from release position 120A to hold position
120B. Accordingly, the edge of wafer 64 contacts V-groove 112
typically at an offset distance from apex 114 due to vertical

30 displacement of wafer 64 as described in reference to FIG. 7.

Brushes 26, 28 are then moved back to positions 66, 68,
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16. The substrate cl eaning apparatus of Caim 16 wherein said pad is

sel ected fromthe group consisting of polyvinyl alcohol foam E? QPNC?@BaI r
.and polishing pad material. 17. The substrate cl eani ng appar at

15 further conprising a second finger tip for holding said substrate during
| oadi ng and unl oadi ng. 18. A nethod of cleaning a substrate, the nethod
conprising the steps of: engaging said substrate with a substrate hol der
attached to a robotic arm placing said substrate vertically on a first
rol | er aw@smestdyedyrnolil-er, axai dpenpst r ahe beuagesoaétea8a@ra cpbsedat e

| oad/ unl ,tign bet Jiirst brush and d b
{inger | BIEG B nod SRS FIPD. VSAFACYPnbr EPpoBPEcting oiFaRtelBe of said

substrat g 1whes wNongl ¢- nggvgo§i§'gﬂncg'§@Eg§95991§@'95598§ééa£§gﬁﬁggéaa'd
substrate hol der, erein said first roller, said second roller sai d

finger tﬁpdhprdssaﬁdfsubsrraup 105agd1hsadhaﬁénad4posItlna undeiragosdi d
first_brush aEd sai d second brush %o cont act ubstrate; and novi.ng

said ?ing &nﬁgr LAR &49eMB¥ERt BHnHﬂé9sfF§ﬁ9§5iH %ﬁb@??%fesﬁoﬁléﬂéﬁnlng
of said %ﬁg % roo % 119 §OJ€%%§09 419. AEBSrHEﬁeaﬂicﬁ ééldn%%ﬁ fypt her

conprising t ep of control e force wt ger tip
presses maysmbdee@géghtlyaad hubdtpasﬁtlaﬁ 12bB wkéhodrashéd apen, 18swaeeei n,
after cleaning of said substrate, said nethod further conprises the steps
of : novi R§S8&Fd finger tip back to said hold position and novi ng said

e e T X R
at sapd subsheabeelaad/ uskaatdopostt whilch robotlc arm 10 has been
programmed to engage wafer 64, i.e. between apexes 114, 116,
118 of V-grooves 112, 36, 38, respectively.

Door 27 is then opened and robotic arm 10 inserts end-
effector 11 which engages wafer 64. Actuator 126 is again

15 activated to rotate finger tip 110 from hold position 120B to
release position 120A. Robotic arm 10 then moves wafer 64 up
from position 64B to position 64A and then out of wafer cleaner
14. Wafer cleaner 14 is now ready to process another wafer.

It is understood that in other alternative embodiments,

20 other mechanisms can be used to control the position of finger
tip 110A. For example, instead of moving finger tip 110A in
the plane defined by wafer 64 as described above, finger tip
110A can be pivoted or othexrwise moved in a plane perpendicular
or at an angle to the plane defined by wafer 64, i.e. from

25 either side 74, 76 of wafer 64.

In one alternative embodiment, a fingexr tip 110A
(substantially identical to finger tip 110 as discussed above)
can be attached to the end of a piston 130 of an air actuated
cylinder 132 as illustrated in FIG. 5. Air actuated cylinder

30 132 is located outside of and mounted to inner housing 128 and

~-16-



21. A nethod of cleaning a substrate conprising the steps of: inserting
said substrate vertically into a region |ocated between a first brush and a
_second brush; scrubbing a first surface of said substrate withl SaiJANf PROSt
brush, a second surface of said substrate with a second brush and an edge
of said substrate with a scrubbing pad. 22. The nethod of Caim 21 further
conprising the step of noving said scrubbing pad to contact said edge of
said substrate after said. st of inserting. 23. The nmethod of Claim22

2 .
wher ei n st H- 21 el bR hi g TeprFEEs Pgtlaﬁlagl%éi-d_ FHPEE*bFLBh 184 d
second bryish 0ick S21(LAURMITA Gncth rBaSHNSEhALELRLEANERG-ARRALR! Usg
brush; te y

conprising: a first a ‘'second brdsh 1 oca orizonta fom sai d
first brush; -3 acdhiRabAd 200 thiimsembolieenandaarsegdnddesl e Lecat ed
vertically below said first brush and said second brush; and a finger tip
| ocat ed VEPRTERHSA dso\AEcend amd SetpRGEhPARBCBal-d0sEeolavVer ERgesatdp

R AVRoA @0 A5 hes it Rt AL ey s B R e adgoR £
| CD\ WZs ( grld s &l_oddl aad lepverleaa|oaakivalieg) cahaaheahadahsabeai£g) carral caj cal
ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] c<al] c<al] c"a]c"aU c"a! $ahi R G
force exerted by finger tip 110A on wafer 64 is controlled by
controlling the air pressure provided to air cylinder 132.
Otherwise, processing is substantially similar to that
10 described in reference to finger 120 and finger tip 110.
In either embodiment, finger tip 110 (110A) can be a V-
grooved roller which is capable of rotating similar to rollers
32, 34. In accordance with this alternative embodiment, finger
tip 110 (110A) can remain in hold position 120B (130B) while
15 wafer 64 1is rotated during cleaning. In contrast, when finger
tip 110 (110A) is shaped as a block having a V-groove, finger
tip 110 (110A) should be retracted to release position 120A
(130A) to allow wafer 64 to rotate during cleaning. In all
other aspects, processing is substantially similar to the
20 processing described above.
Advantageously, finger tip 110 (110A) holds wafer 64 at
the precise load/unload position at which robotic arm 10 has
been programmed to engage wafer 64, i.e. between apexes 114,
116, 118 of V-grooves 112, 36, 38, respectively. Accordingly,
25 wafer 64 is reliably and repeatable engaged by end-effector 11
reducing the average cycle time and manufacturing cost
associated with wafer processing. Further, use of finger tip
110 (110A) is well suited for use with double armed end-

effectors such as end-effector 11 illustrated in FIG. 1.

30 Alternatively, a single armed end-effector can be used.

-17-



7s

{vgl gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca] ca]ca]ga ] C
aJjcalcalcalcalcalc"alc"alc"alUc"a]caljcal Y JV Ea 5 JACN& Zﬁﬁj
34H} ~/ 0i } xsni d*Y] c] ] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c"a] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca!i =M p[ bep

zupkfa\ W] ca] ca] ca] ca] ca] ca] ca] ca] c&al] c&a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”

Z] ;?ngl‘;aéoca G a)U%']l a%% %T?l%d‘ggg]%a‘]gg%’] cta’?é:g]]ﬁda] f:]a]]‘ipg] &AW ¢

a] ca] ca] ggkcakcal Gakepl & a%ff;}g col Sad £2] &@]&a&&?\}&ﬁlﬁlé:@]%** ta+,
P.1//071; 1IHLQZR255L8N8888 ??}xsnid_Z]]]]calc

ol oal ool ool oqcal gg;gaﬂmﬁmw’c?]cw] W{?L@@qﬁﬁmﬁ?&g&ge& ﬁfﬁwﬁ‘l
P] RR]—Tyll'*??] %v? éﬁgw‘]’% %‘?p‘a]Lﬂ’ 1?‘pa"b‘]‘ ) %%%%%%1%%] c%/ 2 de] ¢ aUc
0 Caﬁw%@\x@%%’f@ %@%@%@ s [!fg%g@%ff%&?]&f‘ ]@W]C’% AT ) cal

surfaces 74, To enable the edge gripper to engage wafer
a] cal] ca] ca] ca] ca] ca] ca] ca ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca cag ca] ca] ca] ca] ca]
cal ca! 3_cg8gBbbbegbyhshes 28 arée moved to positions 6 1.e. are

VER ] TR i) ansol el 2114 el el eals s Al a ool

ajcajca]c cal ca]

a] ca] ca] cabcajcahraktadeads " ads £ ad Gad £ Cad PO XPORRSNP P o el vddwwwwy 2 C] |
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a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c,alc,a]cal{
0?z1uz" ]a{:vqmgb]xp] ]:ba]scainagtcac]lcca# ch%m@c@]‘é—@ﬂ}@ved wafer holder as

RERR RS ]E?Ji bt TS AR ERbel TS FLERL g s AR
& ()xg3\ aggh! é”c%Q%B&n 5&0%&;7( )cah 1]98/61& Had Sadd 038 & ) v-sMkPEd ddndf s$10
73 ()-V\stE 10068 () oL- +10%TE () - 3)

10%r& () {PYBYmROEN- sB¥10DmEmER asr#qmm‘i hinT argB1MBoeELd) - 6MT0%® () - 5s1

0 0v0e ( Fo5AGRT G 2o {’6%35(%7%05%{%%&%’% R TS et

10908 () iX10H0& phr=s&B10H0OR 0% - 71 108108 16 @dHNHO% 4 )+s rotated during
G7dEbCF: $10%0&' () - 10%0& () - SSM 10%08 () -! 10%08' () - - #10%08& () - LM 10%&' () - 7s
Y aBbC) F109RLPY-s' FROsOEingerst IDUAER: (31 @R 190mlps - the gegiey )edga 0ok () -

dEb R 1050%7) PEBPEG0cEP () 28 VISTORAER £ 5T/ TOORRFTS - 7Aook (3205 000RRY () -

HxnbCFYA Q%8 énhXntfEy particulate removal from wafer 64.

In one embodiment, wafer cleaner 14 has both a V-grooved
wafer holder and a wafer edge scrubbing pad. For example,
referring to FIG. 5, finger tip 110 can be a V-grooved wafer

25 holder and finger tip 110A can be a wafer edge scrubbing pad or
visa versa. In another alternative, two or more V-grooved
wafer holders can be used to hold the wafer, e.g. finger tips
110 and 110A can both be used to hold the wafer.

Referring to FIG. 1, by using two wafer cleaners 14, 16,

30 sequentially, a wafer can be scrubbed and rinsed with two

different solutions. In one embodiment, for example, the
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10908 ()-!1k' "10% Or O% ()-=bCs "10% & ()-Lz 10% & ()-9%0% & ()-Z 100 100

100y; 10%0&' () - s610%0&' () - =MILw*<bCl't y%4.0%a( T( & ()-I yod0% (& ()-

yod0%& ()-!k y0/<10%<( K(& ()- yYdou & ()-f10% & () “WUB+C 10(; 10% & ()-! ~

$(y(10%\/\§i¢%‘%lbbln %J(%&lvg%/g er céf‘o%}% )184 (g %mg.n(l)a( (& Orod or
flO%&f()a'é@%@a&&aﬁ@OQ@éiﬂaﬁhéikr§dxﬁﬁﬁ@éﬁ«5r Allied. The scrubbing
10(1 aYYOa0% ()- | " 10% ()-!aY@10%: (), 10%: ()-"10% () 9#10% ()-

hitz" ""i@gumdlgpl@aﬂg@@pxgam§m1ﬁﬁ& ¥s-d nlzed water. This
@&0%&() I 109K&' %-'kY‘W 09&: ( % I9 %& , . e
HSHYB&H B %%%em%‘%‘ ~BaRR% Ut ﬁ“f&éf@%dhl& FF- PR 10 10;

109 o ) - wk 884 0PBoh ) wd B PO&E A2 )M&s%eacf/ﬁa%/ereﬁhcﬁv)e@bty WM& oy - 2! p, 40
Yuu& ()-21T, 9d09& ()-2T\, %400%u& ()-2!\, Y0%IuU& ()-2)))))***+a+~ @)l,,9Y10%
-u& ()- Y#iﬂ%ufn(xyafaﬁlﬁ%mm X9- $Ma}&z()lrsa;ﬂ0:arnmlwel®m@ilments,

0109 et §5 Bk ALBTRRIEL 19 “NTVAIBARE (J2bp £05 FOPIIPLE. 3L 8% SAHRAAGE () - 2L
| 1#10% ugo{de i R S10%8 U4 (9 K MM & dfer cleaner 14 or 16. Further,
it is understood that only a single wafer cleaner can be used,
10 or that several wafer cleaners can be used.

Although the present invention has been described with
reference to various embodiments, persons skilled in the art
will recognize that changes may be made in form and detail
without departing from the spirit and scope of the invention.

15 For example, the wafer can be a generally circular silicon
wafer, glass wafer, ceramic wafer, oxide wafer, tungsten wafer
although other types of wafers can be used. Further, although
various values for operating parameters such as the cycle time,
rotational speed of the brushes, rotational speed of the wafer

20 and the perpendicular component of force exerted by the brushes
on the wafer have been provided, it is understand that these
values are only illustrative and that other values can be used
depending upon the particular application. Further, although
finger tips having V-grooves therein are set forth, it is

25 understood that finger tips having other features such as slot
or notches can be used. Thus, the invention is limited only by

the following claims.
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10- UWWPVWWKAENN f @¢10%mitiosdicis¢gond Brshes e () - s" 1098 () - 2sS1096& () - " 10968
'()-s

#109B& () - XDX| XX<Yz YYdEMN f @109%* M 109%6&' () - (M 109%6&' () - & Z9409%6& () - s#" 10

W& ()-zsF"10%& 0 -9 The substrate cleanln a%paratus of Claim 1 wherein said
1096&' () - YYAZt ZZZZaBrN f @#10% 4 &8 & (Vs

11096& () - y/ #ingesp hps'a ﬂrSWEQWB\(A‘S&\ (Jr)e side: 1096& ()-Zh[[[[[[[]j\~_@ @10LM 1
0%& ()-F$10%& () -
3. The substrate cleaning apparatus of Claim 2 wherein said
first roller has a second V-groove and said second roller has a third V-
groove, said first V-groove, said second V-groove and said third V-

groove defining a substrate load/unload position.

4, The substrate cleaning apparatus of Claim 1 further
comprising a finger, said finger tip being located at an end of said
finger.

5. The substrate cleaning apparatus of Claim 4 wherein said
finger comprises a base section opposite said finger tip, said apparatus
further comprising:

a shaft attached to said base section; and

a rotary actuator for rotating said shaft, wherein said
finger tip is moved between a release position and a hold
position by rotation of said shaft by said rotary actuator.
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10% & () -! y30/m)/<10%(v& () -1 3% 0% C& UATHA 0 V& 30/m/<10%(( V(& ()- | p3%n

%YL0UPPE' () - i IShaftJ iskparpendicglar 1toothe bﬁgﬁww@&a@s ofvwﬂofmt (brush &S () -

SSH10%0&' () Bg %w%)&b 0C 10(KkOINT11 maBmN/ &

109610908 () - UPTe: 10008 () - sf10%08' ()-s ! 109%0& () -! 10%0& () - mKmmm
mAn} ndEmV & 10%s)! 1098 () -s'

%4 0%08' () - 994 0% () 9% ! 10%08 i)' -#109%08 ()-s 10908 ()-}nn50XooopdEmN/
& 10%4 The substrate cleaning apparatus of Claim 6 wherein said

pégg%&&() 18|4t b%g‘%ip%‘falﬂgﬁﬁ% &éf{%ﬂﬁ/@éy(t}\e centeringsf said irsPBf&n() - PCPPPPP

and said second brush.

8. The substrate cleaning apparatus of Claim 1 further
comprising a piston, said finger tip being attached to an end of said
piston.

9. The substrate cleaning apparatus of Claim 8 further
comprising an air cylinder comprising said piston, wherein said finger
tip is moved between a hold position and a release position by

movement of said piston by said air cylinder.

10. The apparatus of Claim 1 wherein said finger tip is a third
roller having a V-groove therein.

11. A substrate cleaning system comprising the apparatus of
Claim 1, said system further comprising a robotic arm.

12. The substrate cleaning system of Claim 11 further
comprising an end-effector attached to said robotic arm.

13. The substrate cleaning system of Claim 12 wherein said
end-effector is a two armed end-effector.

14. The substrate cleaning system of Claim 12 wherein said
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16. The substrate cleaning apparatus of Claim 16 wherein
said pad is selected from the group consisting of polyvinyl alcohol
foam, nylon, mohair and polishing pad material.

17. The substrate cleaning apparatus of Claim 15 further
comprising a second finger tip for holding said substrate during loading
and unloading.

18. A method of cleaning a substrate, the method comprising
the steps of:

engaging said substrate with a substrate holder attached
to a robotic arm;

placing said substrate vertically on a first roller and a
second roller, said substrate being located at a substrate
load/unload position between a first brush and a second brush;

moving a finger tip to a hold position, said finger tip
pressing on an edge of said substrate when in said hold
position;

disengaging said substrate from said substrate holder,
wherein said first roller, said second roller, and said finger tip
hold said substrate at said load/unload position;

moving said first brush and said second brush to contact
said substrate; and

moving said finger tip to a release position away from
said substrate for cleaning of said substrate.
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20. The method of Claim 18 wherein, after cleaning of said
substrate, said method further comprises the steps of:
moving said finger tip back to said hold position; and
moving said first brush and said second brush away from
said substrate, wherein said first roller, said second roller, and
said finger tip hold said substrate at said substrate load/unload
position.

21. A method of cleaning a substrate comprising the steps of:
inserting said substrate vertically into a region located
between a first brush and a second brush;
scrubbing a first surface of said substrate with said first
brush, a second surface of said substrate with a second brush
and an edge of said substrate with a scrubbing pad.

22, The method of Claim 21 further comprising the step of
moving said scrubbing pad to contact said edge of said substrate after
said step of inserting.

23. The method of Claim 22 wherein said step of scrubbing
comprises rotating said first brush, said second brush and said
substrate.

24. A substrate cleaning apparatus, comprising:

a first brush;
a second brush located horizontally from said first brush;
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groove therein.
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