| SELF- DRAI NI NG EDGE WHEEL SYSTEM AND METHOD by | nventors Janes P. Garcia
Fritz Redeker BACKGROUND 1. Field of the Invention [0001] The present
invention-relates to sem conductor fabrication, and nore specifically, to
a self-draining edge wheel for use in sem conductor wafer processing
systens. 2. Description of the Related Art [0002] Sem conductor wafer
fabrication operations are typically Berformed in a repetitive series of
fabrication steps. For exanple, a series of fabrication steps incI ude
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pl anari zati on e series repeats until the sem conductor vva |s
conpletely fabrl cated. However, the repetitive series of fabrl cation steps
~can produce residue that can remain on a surface of the sem conductor

waf er. Residue includes particul at®&"*4#8 ot her undesirable material that
can contam nate the netallization lines and structures of the

sem conductor wafer. Exenplary pd#tescdll@6é& can include, anong many
others, silica, silicon dust, sil¥fe&edséenicul ates, slurry residue, and
nmetal flakes. [0003] To renove the residue, current sem conductor wafer
processing systens include cleaning systens to clean the sem conduct or

- wafers. Specifically, fluid isrﬁgél ied to the sem conductor wafer to wet
any residue. Then, the fluid ca KGROENRJ. However, any structure
supporting the wafer at the edge may accumul ate the fluid. The accumul at ed
fluid mayi, CEiéﬁEoﬂhquyerﬂfonﬂ uid to format the edge and the structure.
Then, the accunul ated fluid may recontam nate the sem conductor wafer by
possi bl y rei nti088Lci n& he feesgrirpYipa reates iatemiggndustop fabaigatiquoa]  Anot her
possi bl e ing a dried
sem condu@@%&lp\ggf er. %gﬁ%l %grﬁlﬁ%éé%f@&%}jﬁé%s@%eyén qu(f‘téf%w%% 2 has
been dri e;dpc@niyigaysiemml ated fluid on the structure supporting the

sem conduct or

2. Description of the Related Art

[0002] Semiconductor wafer fabrication operations are typically
performed in a repetitive series of fabrication steps. For example, a series of
fabrication steps include implantation, material deposition, photolithography, etching,
and planarization. The series repeats until the semiconductor wafer is completely
fabricated. However, the repetitive series of fabrication steps can produce residue that
can remain on a surface of the semiconductor wafer. Residue includes particulates
and other undesirable material that can contaminate the metallization lines and
structures of the semiconductor wafer. Exemplary particulates can include, among
many others, silica, silicon dust, silicate particulates, slurry residue, and metal flakes.

[0003] To remove the residue, current semiconductor wafer processing
systems include cleaning systems to clean the semiconductor wafers. Specifically,
fluid is applied to the semiconductor wafer to wet any residue. Then, the fluid can be
removed. However, any structure supporting the wafer at the edge may accumulate
the fluid. The accumulated fluid may cause a body of fluid to form at the edge and
the structure. Then, the accumulated fluid may recontaminate the semiconductor
wafer by possibly reintroducing the particulates that were cleaned.

[0004] Another possible problem may result from the accumulated fluid

‘rewetting a dried semiconductor wafer. Specifically, after the semiconductor wafer




wafer can reapply fluid to the dried sem conductor wafer. Thus, another
operation may be required to conpletely dry the sem conductor wafer.

[ 0005] In view of the foregoing, what is needed is a system and nethod for
preventing the transfer of accunulated fluid on a wafer support structure
to sem conductor wafers during a cleaning operation. SUMWARY OF THE

| NVENTI ON [ 0006] Broadly speaking, thezpresent invention is a system and

met hod for reven t he tr of , accunul at ed i 0.semi conduct or
vaf ers aoaedBes SRR Al Fopla AT Bl R g SR R Bortng e <o EREl e o
a sem congifet @kn YeipBly AEideo thd lAfed kethoadudiiewsR qandusbiter tﬁﬁoﬂ?dge
transfers to_a structure, such as an edge wheel supportl ng t

seni conduBybe wabied iepapleiglychy thapsmiennduier walke wheel to dral n the fluid
andthereby_pr t flui nu flui a to the
sem conduct or @aﬁglr béll&lr‘{gev@ﬁgglne%)%%o?ngc “;h gés réeﬁpfg%gl a?%sggr%' fiar[l%fég%r esent
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apparatus, a system or a device. Several inventive enbodi nents of the
present |W§?ﬂqdﬁﬁoéWéfefﬁé¥§%ﬁ%@§a% %lWTat[CGTOO?] In an enbodi ment of a met hod
for processing a wafer, t , rting a wafer with a
plurality of edge wheels j';!ﬁaround the wafer. The

plurality of eﬂﬂﬁﬁ]Whe@@a %&ﬁﬂ%b{h% p?éseﬁﬂh@éﬂtﬁﬂ i$ 9 sfsterh And Qe fot he
waf er. The nethod al so |nc udes Causing a fluid present on a surface of the

waf er t oprn‘mmmgothar ‘a‘am% pf @paimmlytedfﬂmdgw wtresbsdictorr wats alringt#r f ace
formed between an plurality
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cont act i nphd heidpdtuhelsihitopductstoRareh e@dStrayi@ts té hRubhee, isntlehi @ﬁ%dg@ uch that
t he channeling of the fluid is confi gured to prevent formation o

neni scus Whedl fapgariing thet sepheoridueter edpe0d¥ylcandigaring b cdasbslichint of a
rrethodfo r I fer with
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plurali tythefseaﬂ@mdmbteelvsafarr eeingpabdredof Iir edrabi Ngppsseiat@b thead thotgeent he

wafer. The nethod al so i ncludes causing a fluid present on a surface of
t he waf ermf"ﬁlt‘r?B\Fémtt{?vﬁﬂ’éFnﬂ%e GInRERSTEYS WEY eGB! dheereccss 3R @REHAWS ¢ nter f ace
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descrlbed below.

{0007] In an embodiment of a method for processing a' wafer, the method
includes supporting a wafer with a plurality of edge wheels positioned peripherally
around the wafer. The plurality of edge wheels are capable of rotating so as to rotate
the wafer. The method also includes causing a fluid present on a surface of the wafer
to move toward the plurality of edge wheels to reach an interface formed between an
edge of the wafer and a surface of each of the plurality of edge wheels. Further, the
method includes channeling the fluid contacting the plurality of edge wheels away
from the interface, such that the channeling of the fluid is configured to prevent
formation of a meniscus of the fluid at the interface.

[0008] In another embodiment of a method for processing a wafer, the
method includes supporting a wafer with a plurality of edge wheels positioned
peripherally around the wafer. The plurality of edge wheels are capable of rotating so
as to rotate the wafer. The method also includes causing a fluid present on a surface
of the wafer to move toward the plurality of edge wheels to reach an interface formed

between an edge of the wafer and a surface of each of the plurality of edge wheels.




3 Further, the nmethod includes channeling the fluid contacting the

plurality of edge wheels away fromthe interface, such that the channeling
of the fluid is configured to prevent formation of a neniscus of the fluid
at the interface. The nethod also includes suctioning the fluid from each

of the plurality of edge wheels, such t3hat the suctioning is configured to
keep a bottom surface of each of the plurality of edge wheels
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form ng awBédoN@ay frbertabeitwenie, ih thaakt vidigelaiz e flold & coafigired ihe bottom
portion is configured to channel fluid away fromthe %ﬁjoove to prevent
f or mat i onPTE¥eY, fRERTtENyef af mepigeuy ofpthewdeid athibe gpssipee. anbhet Asthodgdsof t he
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plurality of edge or supportin ch that eac t he
pl ur al i t ysuofioidges cohfé@ired hakeep b dpttpor turfane aficdach bdthcophuprdity iobrdfor m ng a

groove therehetween for. receiving an edge of a wafer. The bottom portion
is confi gWF‘@fEGQ S@Wé?’lﬁ’emfl uid anay fromthe groove to prevent fornation

of a_meniscus @hod) Ui b BRIURSRIHAR G AOUGARMecl HHE pRAGRIA atftcitafier - The

system al so i ncl udes an edge wheel dryer disposed "proximate to the
pluralityedgt stigd wrdales, at top pdgenward|a droptermn hpeviiong farmingr al giogvef

vacuum ch nngl ) co?fi ured to S‘té%ti on ftJ uig a fromthe bﬁvfgton%gorti on of
each of THEOPTIFA ?ft‘%"%?’m&c?&ee SEPsVate 0619 PO 2 MRS SORERTCHC a et hod
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plurality of edge wheels positioned peripherally around the wafer. The

met hod al 2esweenciageapvappd herrgea ofieoraferof f1uid on a surface of the wafer,
such that the e o UMbk SH1S LOLSM] 8 R2MSE, LNgEl Uhdba rove

toward the plu eel’s reac I nt ace ftornmed between an

edge of plheliwabbsdganchealsSor fupgertol asadrbr, @licht thet dakkbathetplurafityadgdgsheel s.
Further, the_nethod includes channeling the fluid contacting the plurality
of edge WHBEIShaayon perHonnand ¢ hpté?ma&%%mrs dRming aterppe HIGERRBETSCAJObT t he
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met hod  from the groove to prevent formation of a meniscus of fluid between the groove and

the edge of the wafer. The system also includes an edge wheel dryer disposed

proximate to the plurality of edge wheels, the edge wheel dryer having a plurality of

vacuum channels configured to suction fluid away from the bottom portion of each of

the plurality of edge wheels.

[00011] In an embodiment of a method for processing a wafer, the method
includes supporting a wafer with a plurality of edge wheels positioned peripherally
around the wafer. The method also includes applying a volume of fluid on a surface
of the wafer, such that the volume of fluid is sufficient to cause the fluid to move
toward the plurality of edge wheels to reach an interface formed between an edge of
the wafer and a surface of each of the plurality of edge wheels. Further, the method
includes channeling the fluid contacting the plurality of edge wheels away from the
interface, such that the channeling of the fluid is configured to prevent formation of a
meniscus of the fluid at the interface.

[00012] In an embodiment of a method for processing a wafer, the method
includes supporting a wafer with a plurality of edge wheels positioned peripherally

around the wafer. The method also includes applying a volume of fluid on a surface

of the wafer, such that the volume of fluid is sufficient to cause the fluid to move




i ncl udes supporting a wafer with a plurality of edge wheels positioned
peripherally around the wafer. The nethod al so i ncludes applying a vol une
of fluid on a surface of the wafer, such that the volune of fluid is
sufficient to cause the fluid to nove 4 toward the plurality of edge
wheel s to reach an interface formed between an edge of the wafer and a
surface of each of the plurality of edge wheels. Further, the nethod
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prevent fibemeifercandaf siafaco®iiiesshust the plirslitylafiedgatvhedle Foitkerf deaenctite net hod
al so includes suctioning the fluid, fromeach of the plurali t% of  edge

wheel s, stieWdehghanpgling thetfwd cagfastingctha milyakyrt lee paegls 20t FomtBair f ace of
each of tj raki [ I { er
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_ _ _ I £jsdvs{aﬁﬂa1(1);£ agen in _
conjunction with the acconpanying drawings, "in which: [000151 Figure IAis
a side view di B§PEH i IOthent pspetiagofathsl mawanthap 348 teepme mppasobritamdke wi t h an

enbodi nmen f.the i.nvention. [000161 Figure |IB is a top vi.ew. di agram

T st racieng e ot B ilon AR conBich i s froaRBeif e Bloent o
t he i nvenlilu&witingRCHAlofFix@hbR: thE&ptificiplet epthéiigwndoagr am il l ustrating a

cl eaning system in accordance with yet another enbodi ment of the

i nvention; [000181 Fi (BREERBESSRIPEION OFi BHE DRWWANGS| | ustrating a

sel f-draining wheel with ap internal chanber, in accordapnce with an
enbodi nent  of ﬁ’ﬂ@f‘llnvéﬂﬁ%‘?m{lemf plothe G1veriien FBY Pestibe uadel‘ﬁ@ed@a'éﬁefﬁna?gram

i |1 ust r atfonge miselifs dehiphdg de s %4 bR AR Bfs, ith I
accordance with arll genbsoci?ﬂlrrééﬁt of the |ncv1%h;1%l?\t?e hf%og%éoﬂiméiragdtﬁ%eé%ﬁ is a

si de vi ewvhiichgram il lustrating a self-draining edge wheel with cut out
regions, in ac nce.w th, an enbodi nent of .the i.nvention; [000211 Figure
BB o s bot t o UV ER] SRR AT sl e e 4 g e Syste, 1

- accordance with an embodiment of the invention;

[00016] Figure 1B is a top view diagram illustrating a cleaning system, in
accordance with another embodiment of the invention;

[00017] Figure 1C is a top view diagram illustrating a cleaning system, in
accordance with yet another embodiment of the invention;

[00018] Figure 2A is a side view diagram illustrating a self-draining edge
wheel with an internal chamber, in accordance with an embodiment of the invention;

[00019] Figure 2B is a side view diagram illustrating a self-draining edge
wheel with an internal chamber, in accordance with an embodiment of the invention;

[00020] Figure 3A is a side view diagram illustrating a self-draining edge
wheel with cut out regions, in accordance with an embodiment of the invention;

[00021] Figure 3B is a bottom view diagram illustrating a self-draining
edge wheel with cut out regions, in accordance with an embodiment of the invention;

[00022] Figure 4A is a side view diagram illustrating a self-draining edge

wheel having a plurality of legs, in accordance with an embodiment of the invention;




edge wheel wth cut out regions, in accordance with an enbodi nent of the
invention; [000221 Figure 4Ais a side view diagramillustrating a

sel f-drai ni ng edge wheel having a plurality of legs, in accordance with an
enbodi mrent of the invention; 5 [00023] Figure 4B is a bottom view di agram
illustrating a self-draining edge wheel] having a plurality of legs, in
accordance with an enbodi nent of the invention; [00024] Figure 5Ais a
bottom vi ew di ildustrating .a.self-draining.,e wheel,-wi t h angl ed
channel s, in a@@g?ﬁanﬁégl*ﬁt‘ﬂé Ah®emsdt mEft baﬁrﬂnﬁén'ilsﬁ'%gﬂgiaoﬁ?lfm[aﬁﬁ%S]

Fi gure 5Bedge whé&dl devidigeav pliralityash idsh, Ut s@btdabcd wadl in dmdbdinnat @dgie Wheel

wi th angl ed channels, in accordance with an enbodi nent of the invention;

[ 00026] FIYeRONs is a side view diagramillustrating a self-draining edge
wheel and a fl gy ONGyY Fga i i i of the
i nvention; an@m%@OZ é&?g&lﬁr ép?al?@%ggﬁ%ﬁgggﬁ}nggg%gﬁl ﬁg?{ggnlltl%g a

met hod f ocdgervdeebwithgnglad vhdmaels, inracamrdaiod anideandhbodinegrdiolat imeattionf t he

i nvention. DET[AI I(.iﬁ SCRI PTI ON [,00028] .The foll owing descripti ogs descri be
enbodi ment's of [M9&3)st digHRdB et HEE Vicst diserer dishating hasibdraigng cdgent t he
transfer Qﬁee@%iﬁ%ﬂgﬁe}d‘?ﬂaﬁﬂé{ﬁ,% SQoVBLE! Rith qw?fn@gdiﬂleﬁ{ SARE A% eRARGH;aL 1 on.

Specifically, multrple self-dralning edge eel s support the wafer during

t he cl eani ng o982l oFigurt i o onide wewfdaganf illnktentingf 2 selfdmpzigatedge t o an
edge of th fer., Upon reaching the ed of .t he .er, the fluid can
ccoumil actectFhEh b RLFRE Y AehotiEar S5 abant” ErbSBhi 45t LUPISoas ol i ng
edge wheejfi and cause the accunulated fluid to coat a surface of each of
the nmultiple self-draining edge wheels. Thereafter, the fluid coating

drai ns away fri9#2He ddgwradis pdowechat dingtaneillusiptingsfmethed feefpeeces§ia®029] The
drained fluid can then .suct i agne fromthe multiple self-draining
edge \/\/nee%1 {éflaﬁ%’ 1%‘?%1({@?%93“ Stan Oéi??@‘%a&?‘y‘es‘&ﬁ‘!“&?ai ni ng edge wheel s.

O herwi se, the drained fluid is removed fromthe surface of each of the

mul tiple self- draining edge wheels through the self-draining properties of
the multiple self-draining BEGAIMEREOESCRIPTION|I be obvi ous, however, to

one skilled in ar that the present
[OtOBfS] l;I‘he fgﬂowing degcr?ptions describe embodiments of a system and

method for processing a wafer to prevent the transfer of accumulated fluid to wafers

during a cleaning operation. Specifically, multiple self-draining edge wheels support
the wafer during the cleaning operation. Fluid on a surface of the wafer propagates to
an edge of the wafer. Upon reaching the edge of the wafer, the fluid can accumulate.
The accumulated fluid can contact the multiple self-draining edge wheels and cause
the accumulated fluid to coat a surface of each of the multiple self-draining edge
wheels. Thereafter, the fluid coating drains away from the contact point with the edge
of the wafer.

[00029] The drained fluid can then be suctioned away from the multiple
self-draining edge wheels to maintain substantially dry self-draining edge wheels.
Otherwise, the drained fluid is removed from the surface of each of the multiple self-
draining edge wheels through the self-draining properties of the multiple self-draining
edge wheels. It will be obvious, however, to one skilled in the art, that the present
invention may be practiced without some or all of these specific details. In other
instances, well known process operations have not been described in detail in order

not to unnecessarily obscure the present invention.




i nvention may be practiced without sone or all of these specific details.
In other instances, well known process operations have not been descri bed
in detail in order not to unnecessarily obscure the present invention. 6
[ 00030] Further, the enbodi nents described herein are exenplary. It wll
be appreciated by those skilled in the art that upon reading the
description and studying the dramﬁngsﬁ various alterations, additions,

tati i valents, th f ible. It is th :
et ended +hat - OPSELc ffee fu PRl ErBReE bl aist Pl IhHF
equi val engs apadebialtddt By AhdsBeskilddeisS B bt ARdupEPRQdMg tHReddicaphas afd

enbodi ment s. _?100031] Figure 1A is a side viewdiagramillustrating a _
cl eani ng $ydxiegnthel drwings, yevovalteratiouist Rddifionmtpstnutatiensodnd peuivH¢BHt i on. As

| eani ng Sordaligaiasst hddifiomin iyt | on.
Syst om 1oberbh Bug Rl cliih horor? BETARL AR By Ren REEERES R, o7

200mm or péafimEtiolo WeMesquivateres @fl! afittlinndieyinsKiditit hid bdupeadtttheididclosegogni ze
that the size of the wafer 110 can vary. |n one enbodinment, the cleaning
syst em 100Mbedi@getosed in a chamber, as illustrated in Figure |A However,

ot her enbodi ne 0 g b 3 rm ng
cl eani ng oper aplihg% on%(?%\lggzl?x T}{l‘8%?%??%&?%82?1&?%&%Ee"@)}éaa%%r}ge%%Fefng non-
encl osed thkamnao@rdanst erithvan embmlifant dfghe degatioheds whévmn ireFayuents, 40 Fi gure

3C. [00032] . The cl.eani ng system 100 inc|udes a plurality of self-draining
edge V\he@L@r( g ds Méﬁu%gy 1526.9%6851%%& ﬁaﬁ@ﬁ{nﬁg hSéfS@&bel(\ﬁhe sS¥B® support

the vaf ercnhdfiimbh@ BB wdtef 103G havR 8 HidthSR b¥Va 20018m! HROERS € HoSvel & med
between a v-1like groove of the edge wheels 120 and the wafer 110. The
groove posie dpfondinaheskid firethel2Owilbrasegmive that tieatizecrf thé wake Méfcen vary0 and t he
edge whee] 120. wever, ofher interfaces wth,.different shapes .can couple
Che vat o AT s R g Sleaiae 5 100 rlaseain s eTbERas TRRERATAces f or m
when suppPigiite DA t BRwRES bthkd Bmbb@RRAR] doTie uesl8e eNdIeR U Tlchdfheaystefoabl e of
rotating, thus permtting the rotation of the wafer 110. the wafer 110

rotates, B#{Prming deaningoprstionmosuyafeckl loDetailytegerdingfaaceamplertfe woaf er 110
D opagat e R0 HRE Pk BEE TR BHIEH R REERUE 25, 1
t he propagat ed[0ob32id atewieinaicessem tHrRineldes 8phirhleywafself-didiflingrdgt he
wheels (edge wheels) 120. As iliustrated, the edge wheels 120 support the wafer 110
via an interface. Specifically, the interface is formed between a v-like groove of the
edge wheels 120 and the wafer 110. The groove positions the wafer 120 to permit
rotation of the wafer 110 and the edge wheel 120. However, other interfaces with
different shapes can couple the wafer 110 and the edge wheel 120, as long as the other
interfaces form when supporting the wafer 110.
[00033] The edge wheels 120 are capable of rotating, thus permitting the
rotation of the wafer 110. As the wafer 110 rotates, any fluid on a bottom surface or a
top surface of the wafer 110 propagates to an edge of the wafer 110. The edge of the
wafer 110 is in contact with each of the edge wheels 120 at the interface.
Accordingly, the propagated fluid accumulates on the edge of the wafer 110 and the
interface. Specifically, accumulated fluid at a bottom surface 130 and a top surface
135 may form. Each accumulation of fluid may form a meniscus that can
contaminate each wafer 110 introduced to the cleaning system 100. However, fluid
channeling from the interface prevents formation of the meniscus.
[00034] In another embodiment of the present invention, fluid can be

applied to the wafer 110 while the wafer is stationary, i.e. not rotating. Here, the



interface. Specifically, accunulated fluid at a bottom surface 130 and a
top surface 135 nmay form Each accunulation of fluid may form a neni scus
that can -contam nate each wafer 110 introduced to the cleaning system 100.
However, fluid channeling fromthe interface prevents formation of the
meni scus. [00034] In another enbodi nent. of the present invention, fluid can
be applied to the wafer 110 while the wafer is stationary, i. not

e.
rotating. Here, .the 7 . volu of . fluid appli o t.he surf.ace of .t he wafer
190" shoui tPIERE of PRRL e L TR Share o e WPl 0 sh B MBI whlle of the
waf er andht mRid ﬁ%@ﬁ%a@&s&o tHh&dgel ofitick weRE M \thetilterfaddN VB MG réshigannel ed
away according to the enbodi ments of the present invention described

herei n. [0OtoRsa iFrhanacled anme dcagrdingcior the pabadiecnthel Heguesmedsntigo of t he
resent |} L .are configured to drain fluid fromthe interface. For
gxarrpl e, #ér;:&ﬁgr:edh%g%@di ment 019 an edge wheel 120 having a bottom portion and
a top portion, [00035] beldidrhfpdklih®Ocoudibdeguseahd édpardtbelsd 20roditie fréstntd away

fromthe jnterface. In another _exenplary enbodi nent, one or nore edge
wheel dr yBVentionoarsaepndigsisdop drpdn e dromaviay piedase hdf Bot a8t #bn of t he

edge wheelshoRBemYo's r ; ﬁ%@g I on. lthe Shoul d
be apprec% att) ed ?]ﬂa?fjﬁg@geegg@e@mlgg?ﬁ %ﬁ%gq%%m y g&?aﬁ%;{% @6 men’l}s%d to
sucti on fhaifoth pendion tche bedgefigdreé to d2@n fluil atay fantthe needadeodnrapnther of t he
present invention, .the edge wheel 12Q is._configur to drain fluy d wthout
Lot oni R A tadiasinga urer ciun MESotaEs Hipestaondhs tulfh Vi cn
di agr am i 4y 4stb@tthOGokdif pohiERNbMNde SYSE RALeld 980 bl 'ﬁsi%%(‘o% RRGRe Whddhnanot her
embodi ment of the invention. The cleaning system 110 can include three
edge wheethwnugle Hevewppar shoukkbbavapmeciated thandhe hégonmhenl dig 140omnat es in a
direction_ 180, .each,of the ed wheel s, 120 r te ip a direction 190.

Fur ¢ her . BALROUG5% Reutehn UG R Fiffles sihe® Ol e o B et ERbRO ! ar yer
140. Hovevge,predeat dkveafieh, Ak Yedgkileei b i§ @6RENIEE 14 Miadinthgd iviedousi on of
any edge wheel. dryer 140 in Figure 1B is purely exenplary because an edge
wheel dry@¥tianiog frejn 8y edgganheabdiypeld¥sed with an edge wheel 120. Furt her,

I th hill d w dg: 8 , : di
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wheel s 12000, Thuscordunye eaihf dangthiedehbodidienedfehe invention. The cleaning system

110 can include three edge wheels 120 to support the wafer 110. As the wafer 110
rotates in a direction 180, each of the edge wheels 120 rotate in a direction 190.
Further, each edge wheel 120 is illustrated coupled to an edge wheel dryer 140.
However, one of ordinary skill will recognize that the inclusion of any edge wheel
dryer 140 in Figure 1B is purely exemplary because an edge wheel dryer 140 may or
may not be used with an edge wheel 120. Further, although illustrated with three
edge wheels dryers 140, other embodiments may include one edge wheel dryer 140
suctioning fluid from all three edge wheels 120. Thus, any configuration of edge
wheel dryers 140 and edge wheels 120 is possible, as long as any edge wheel dryer
140 used with at least one edge wheel 120 suctions fluid from at least one edge wheel
120.

[00037] At least one edge wheel 120 is coupled to a robotic arm 125. The
robotic arm 125 can move the edge wheel 120 and if necessary, any coupled edge
wheel dryer 140 away from the wafer 110. By moving the edge wheel 120, the wafer
110 may be moved from or be placed in contact with the grooves of the edge wheels
120. Afier positioning the wafer 110 in the grooves, the robotic arm 125 moves the

edge wheel 120 back to the wafer 110 to secure the wafer 110. However, the edge




wheel dryers 140 and edge wheels 120 is possible, as |Iong as any edge wheel
dryer 140 used with at | east one edge wheel 120 suctions fluid from at

| east one edge wheel 120. [00037[ At |east one edge wheel 120 is coupled
to a robotic arm 125. The robotic arm 125 can nove the edge wheel 120 and
i f necessary, any coupled edge wheel dryer 140 away fromthe wafer 110. By
novi ng the edge wheel 120, the wafer £10 may be noved fromor be placed in

contact witht rqoves of the edge wheel.s 20. After, positjoni t he
et 11ovhoptAf G deviRle o Fu v IES B Tt cobrisBEaukh AP 155
back to theoMeher 134 QstOnSRCHE Sndchsmivalagpentitfe cdioMBYEihe dibe whddel 28. Wheel
120 can be coupled to any ot her type of nechani cal appendage, such as the

roboti c aruyrfhepsit sheulfl hegppesecidied that hanimshodapheasuane tieawafesd Otthdhedge
wheel 120, [t i oul appLeci d ny. t curing
t he waf ermiefgg ot hee edéenﬁgef Sagzedsjgé)f’ E{ﬂﬁlg’ S?éﬁg \a}é@g\%ﬁ 1"2]0{6:305(?l Hg’gss g‘lglg?(g as

| ong as twhilevedretitting I&atién be secured while permtting rotation. [000381
Figure ICis a top viewdiagramillustrating a cleaning system in

accor dance wi t 90028l aﬁ&%@rl%ewo@pm diggzram allyshpting p sfeaning sYaleBY &hpl ary
enbodi ne e t, .l b peff ] <l earin 2 I.ons, a
pr oxi m t;&ccg{dgg%l rﬁflgégpea%o%gr&c%n Igénl}sgg t?%mé egﬁh'anghd%%ggéﬁ%??er 110.
The pr oxi ¢embodimehtednthe gpreyst ienentba ofgerfonaing déeaningasperdins,t Hptoximies t he

im | i 01 | I d dryi .
Exenpl ar YCIGHGR R - Dasty DSarirarsend ShuMecrabhd 1Pn H PEGIERA: es
Pat ent  Apfbd Gl isf’é?erhb}S()lQ{agqgwl]ﬁé@ an St tlé@ctlhatllﬁ | had ﬁggnﬁ@pﬂéﬁ{iﬂgg for

Dryi ng Sem conductor Wafer” Surfaces Using a Plurality ™ of Inlets and
Qut | et s Heisttni d5CT inse cRaohignandy diying pattamaf eAn Stxeimpbey  proandtyf cleadngn

Sept enber 30 2,..the di.sc] os of _whi.ch i.s incgrp e reference in
Cre Cont vty PR GiGrainLr R R male AR R L e R “any
sui t abl e a@phbgdhdtApphrangf fob h]ﬁ‘yiﬁé@éhﬁ&énﬂu@tbﬁ%félgslﬁﬁ%ﬁﬂ's&%% Plrdd@psi bl e,
as long as the proximty cleaning system 150 %Paglles fluid to the wafer .

110 that ofsindptaine@udletsorelidriy losa Reoxiraity sl thef WaftreSysfassenend dileshen on.
OO TaS AT PO RSB whige! 1) HELOBLAS b9 ferdge hge! s 120

I
coupled to ur ryers -1 | TUstra e robotic arm 125
can nove entirety. One of ordinary skill in the art will appreciate that any suitable configuration

of the proximity cleaning system 150 is possible, as long as the proximity cleaning
system 150 applies fluid to the wafer 110 that is drained according to the method of
the present invention,

[00039] The cleaning system of Figure 1C illustrates four edge wheels 120
coupled to four edge wheel dryers 140. As illustrated, the robotic arm 125 can move
away in a direction 127 to permit the positioning of the wafer 110. Further, another
robotic arm 125’ coupled to the edge wheel dryer 140 can move in a direction 147.
Thus, other embodiments can include any number of robotic arms to move any edge
wheel 120 or edge wheel dryer 140.

[00040] Figure 2A is a side view diagram illustrating a self-draining edge
wheel with an internal chamber 230, in accordance with an embodiment of the
invention. The edge wheel 120 supports the wafer 110 at an interface. When the
wafer 110 is positioned in the groove, fluid at the interface is channeled into edge
wheel openings 205. The edge wheel openings 205 channel the fluid from the
interface into the internal chamber 230. Thus, as the edge wheel 120 rotates, the edge

wheel openings 205 prevent fluid from accumulating at the interface by permitting the




away in a direction 127 to permt the positioning of the wafer | 10.

Furt her, another robotic arm 125" coupled to the edge wheel dryer 140 can
nove in a direction 147. Thus, other enbodi nents can include any nunber of
robotic arms to nove any edge wheel 120 or edge wheel dryer 140. [000401
Figure 2A is a side view diagramillustrating a self-draining edge whee
with an internal chanber 230, in accordance with an enbodi nent of the

i nventi on dge wheel., 120 ort wafer 110 ) terface. Wen
e af o5 A8 SBORE inhdal PHRERE oo dhesehetid 1 Aidd s RARE: o
channel edghRtiRe ﬁﬁ&?&ce‘ﬁ@%se(ﬁf&ﬁf‘%ﬂﬁ% ﬁ%osﬂ&ﬁe&ﬂﬂ%léﬁﬂﬁ%' openi ngs 205

channel the fluid fromthe interface into the internal chamber 230. Thus,
as the edge whi@041]20 If ot edgesyhachdryed i) iswheklo sopieon figd frabthsrintgmat £ ui d

th | nt or TP e anbeea 36, aRuag e yReharie P chandeds Lol oF om f e

i nt erfacevatc@uﬁwhaﬁcal@rutor\/@ﬁﬁp& Aﬂapm%@uma&nharzmhﬁa@uagm la@addy I1f an
edge wheel dryer 140 is used to suction fluid fromthe internal chanber

230, thenfram Bgapnver yFuthss ahwer deyap chaomet 260cae sueomaflpidufremithy of
vacuum Ch&&{?ﬁilschaﬁ%r %ﬁmﬁ@aﬁg‘lﬁ&%w‘{ﬁ HH%%“:%H%%‘ ?18%%61 @ SUekyon fluid
away from I’OOVG ower v cuumc anne c¢an suction

fluid froma hEthel mgerwad:elahwrbezo 230e dopiecii foadk Y, ciecu@cshanhgdantth€40 can
be inserted into a drain 220 of .t he edge wheel dryer_ 120. The drﬁun 220
forms a cPIHO BPItioR M edzg whsl l%twhacgéb@wwu@fp%%@g@% elf920 in

whi ch the, vnﬁ‘t‘?é &)ulg‘_@, I m Scsifificiently
fitted to a;(:%g rain ZIS(Zjﬁllﬁaldléltf vent IdCB? gﬁlﬁ %Qr;(?es apﬁﬁgﬂm@ﬁg sug?f;rl %l ng of
the fl ui dthersuctidrieg b wer ﬂumlcmtmtlmh]ameelva@ﬁlﬁa clBynnpl %&(émﬂyngevd:lmngfthml d from
Sur  ace P UEHEUBSERIRRATe TR PSEUSE ETBaPalerel Tiroany Sappeo g be
appr eci at ggitdn atr ey omm@eerd%@fwm@umm shrefedHs@h8aIROYSY. DI B- shbara sxanpl e,

t he upper vacuum channel 0 may be excluded from t'he 'edge wheel dryer

140. 1t apeediaied dhat ey meanymfe'eacaumdchaha@ls iafe phesildei sFm}@nmharth@ne
vacuum chghRe bRy HRR o 58) 1SSl BOIDLIRH BAe0 b OEL T 58,
can suct i ghoufd futtlenvibtdl dpprdch@e dHPREI (RS IsUhdre GiANIIRvadiiiin CRIMReNS dnfdper ati ve.
wheel dryer 140, any combination of functioning vacuum channels can be employed.
For example, the lower vacuum channel 260 can suction fluid while the upper vacuum
channel 270 remains inoperative.
[00042] Figure 2B is a side view diagram illustrating a self-draining edge
wheel with an internal chamber, in accordance with an embodiment of the invention.
The edge wheel openings 205 can have any shape or size. Although illustrated as
circular openings on the edge wheel 120, the edge wheel openings 205 can have any
suitable shape. The edge wheel openings 205 can also have varying sizes, as long as
the sizes of the edge wheel openings 205 permit the fluid to drain into the internal
chamber 230. The internal chamber 230 includes a drain to remove fluid from the
edge wheel 120. Thus, without using the edge wheel dryer 140, fluid channeled to the
internal chamber 230 can be removed.
[00043] In addition, there can be any number of edge wheel openings 205
having varying spaces between each edge wheel opening 205. 1In yet another
embodiment, the edge wheel openings 205 can be positioned in multiple rows. For
example, there can be two or more rows of each edge wheel openings 205 to permit

fluid charmeling from the interface formed by the groove and the wafer 110.



[00042] Figure 2B is a side view diagramillustrating a self-draining edge
wheel with an internal chanber, in accordance with an enbodi nent of the
invention. The edge wheel openings 205 can have any shape or size.

Al though illustrated as circular openings on the edge wheel 120, the edge
wheel openings 205 can have any suitable shape. The edge wheel openings
205 can al so have varying si zes, as Ipo as the sizes of the edge wheel

openi ngs 205 perm idto drain into the internal . chanber, 230. The
i nternal chanb@0044o E*LW% sisa Hifaiviewt diagerbiBiskptng? priGRrANES cdghe wheel
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interface formed by the groove and the wafer 110. 10 ! 044 Figure 3A is
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and a bottom portion 330 top portion 320 and the bottom portion 330

can be nRAUSERPOUS dle ryalrE 4190 nbce matesiak car beap@lyyrgthage of LhereSIHEALT act ur ed

fromtwo a c . ]Eqp t epar at e

bl ocks, t]ﬁgﬁﬁﬁeﬁtg%}%& Eﬁ}f ?‘%ﬁ%@a{eﬁgl Fln& F{l)ﬁ]a‘\s 1%%1?%8615%%&‘@%%?%92 coupl ed
t oget her Mﬁcﬁiemtm hglel matémlfthmean tipportshppafd $10. hEunﬂm‘r,euhe tiderial hisoutcht er i al
can be p uret hane or other simlar material sui t.abl e

mat er i al lﬁéyg%@raﬁ%éﬂaﬂl% Hghgnas cONBMiRE AhG vater 410 SFinee et legnng gi d

mat eri al ghatiiman support the wafer 110. Further, the material should not
generate particles that may contam nate the wafer 110 during the cleaning

oper ati on. [OoﬁmﬁiﬂlnIB@bbcmmmgrmﬂﬁmﬂdbiﬁk=&@@\MM@léa@eﬁmhﬁéhyxﬁﬁhethe
ability of t eri al act . or can_be consi
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For example, the fluid, which can include water, deionized water (DIW), a chemuisiry,
a combination of the chemistry and DIW, and a combination of the chemistry and
“water may be attracted to or repelled from a particular material. It should be
appreciated that any suitable fluid and suitable material used in wafer processing
systems is possible, as long as the fluid is drained according to the method of the
present invention. Thus, when selecting the material, the property of whether the
material attracts or repels a particular fluid can be considered during the selection.
[00046] The bottom portion 330 of the edge wheel 120 does not have an
internal chamber 230, but instead has multiple cut out regions 310. The cut out
regions 310 enable fluid to drain towards the bottom surface of the edge wheel 120,
thereby preventing the accumulation of fluid at the interface. Specifically, Figure 3B
is a bottom view diagram illustrating a self-draining edge wheel with cut out regions,
in accordance with an embodiment of the invention. The cut out regions 310 channel
fluid from the interface to the bottom surface of the edge wheel 120 during the
rotation of the edge wheel. During rotation, the edge wheel dryer 140 can suction the
fluid draining towards the bottom surface of the edge wheel 120. In particular, by

positioning a lower vacuum channel opening 340 to encompass the fluid draining




For exanple, the fluid, which can include water, deionized water (DW, a
chem stry, a conbination of the chemstry and DIW and a conbi nati on of
the chem stry and water may be attracted to or repelled froma particular
material. It should be appreciated that any suitable fluid and suitable
material used in wafer processing systens is possible, as long as the
fluid is drained according to the net hd4 of the present invention. Thus,

when sele ting the r t he erty of et her, the teri attracts
ot epel oMol imExie B Hig cat b o BEH et Hom ey ioRe sSBeE T

[00046] Thgeh@fpmaportion 330 of t he edge wheel 120 does not have an

i nternal chanber 230, but instead has nmultiple cut out regions 310. The cut
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enbodi ment of .the invention. The cut out regions 310 channel fluid from
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having a plurality of |egs, n accordance WI an e di ment of
i nventi onﬂuszdinenmilgbawm;eéionﬂﬂﬁ ioferfanoihgrunesfb didi bativim ismdhaedefstha eﬁgq:) portion

420 coupl e s 41 95 410 can nuf act.ur,

i ndepengewg?eéqa? qﬁ’f‘?e“’ﬁ’&%”ﬁﬂ pishppia I’E?QYQ %3;9{392&?2%3? W%Fﬂgzﬁop
portion 420 vigoydg) Ollﬁ)v&@/@flﬁf tl'f@édg‘exﬁﬁwled%érhmo [se@ssittoHRd GRbxiRRtHE T eved
into a bottomsurface of the top portion 42 The legs 410 are separated

by spac esacﬁ@ﬂen‘f 'Iouth@I cégrawhedlilag. thyw thetrdge didechvdrpe 14:OZ@ana@ta1ﬂe§u1dffmml d at
120, Any UprararERAnRE B SapE PSR R 280 cBfe BovidRa T om
surface ofuctitie flatigRomwhie bbttdd Qurfideus thdbdicaliideD Y2@ b Ebﬁhaﬂhg alid ywdf y bottom
surface of the edge wheel 120. [000481 However, if the edge wheel dryer 140
i s positi GisEEMpgheRNeadqd) {p encompass fluid spun off the edge wheel 120. Although

illustrated with one lower vacuum channel opening 430, the lower vacuum channel

260 can include another lower vacuum channel opening (not shown). Thus, multiple

lower vacuum channel openings can suction fluid from various locations of the

bottom surface of the edge wheel 120.

| [00049] TFigure 4B is a bottom view diagram illustrating a self-draining

edge wheel having a plurality of coupled legs, in accordance with an embodiment of

the invention. In another embodiment of the edge wheel dryer 140 (not shown), the

lower vacuum channel 260 can extend along the diameter of the bottom surface of the

edge wheel 120. Along the length of the lower vacuum channel 260, multiple lower

vacuum channel openings suction fluid. Alternatively, one sufficiently large lower

vacuum channel opening having sufficient suctioning capability can suction fluid

from the bottom surface of the edge wheel 120. Thus, the embodiment of the edge

wheel 120 of Figure 4B can have a substantially dry bottom surface.

[00050] TFigure 5A is a bottom view diagram illustrating a self-draining

edge wheel with angled channels 520, in accordance with an embodiment of the

invention. The edge wheel 120 includes a bottom portion configuration having




adj acent to the edge wheel 120, then the edge wheel dryer 140 can suction
fluid from the edge wheel 120. For exanple, the | ower vacuum channel 260
can be positioned to suction fluid fromthe bottom surface of the edge
wheel 120 by positioning the | ower vacuum channel 260 to enconpass fluid
spun of f the edge wheel 120. Although |Ilustrated w th one | ower vacuum
channel opening 430, the | ower vacuum thannel 260 can |nclude another
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| ower vacuum channel openings suction fluid. Alternatively, on
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view diagramillustrating sel f-draining e wheel with angl ed channels
520, in ARl PP ST U ogﬁ%fawfé %n@fnssw ]i“?wﬂ‘élﬁtalt&?mtﬁ C@dge wheel 120

el udes a bot B ACL TheRaRRRNhAKTRLhARANAYIAG BB willok iplenRIiAlIge | ons 510

and angl ed channel's 520. S eC| I ca ectlo s 51 and the top
portion carcdge wheelifiyet M(hdlﬂ‘usmgn EUJI’KElgﬂ‘BN]EB] d{iye10140‘ oouction flowsfromittes i al s.

F t he bott ti t he 't t f
the 1 nt Shtopk S5HiG. oo SEnaRire 2O B im A eIy PIRAPEY M om ¢ ne.
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sel f-draining edge wheel with angled channels 52 in accordance with an
enmbodi rremre‘ﬁbuﬂlhéescnbefh@mb@dm@p@c| f| cally, as fl uid contacts the

interface, ed chan el s 5 0 .enhagp ce fl flow a
interface by @Hﬂ;l ngl%”% nlalae i Y f ﬁgﬂmtuﬁ% ¥ rar gral rné rffsge Thus,
t he angl egheet haanelfisid 2hdicry 510, tirhacé@amblwﬂl @hothbe en®odisems offthdé he fluid

at the interface. [00051] The enbodl ment illustrated in Figure 513 may or
may not iH¥SNG9E. The fluid conductor 610 is coupled to the bottom portion of the edge wheel

120 at a center location (not shown). By providing a space beneath the bottom
surface of the edge wheel 120, fluid channeled from the interface can flow along the
edges 620 of the fluid conductor 610. Specifically, the fluid conductor 610 guides
fluid draining from the edge wheel 120 away from the bottom surface of the edge
wheel 120. Further, if the edge wheel dryer 140 is positioned to suction fluid flowing
along the edges 620 using the lower vacuum channel 260, then the fluid conductor
610 guides any fluid not suctioned by the lower vacuum channel 260 away from the
bottom surface of the edge wheel 120. Thus, the bottom surface of the edge wheel
120 is kept substantially dry.

| [00053] TFigure 7 is a flowchart diagram illustrating a method for processing
a wafer, in accordance with an embodiment of the invention. The method begins in
operation 710 when a mechanism such as a robotic arm positions a wafer to be
supported by wheels. Specifically, the wafer is positioned to perform a cleaning
operation that cleans a surface the wafer. Positioning the wafer includes a
manipulation of the wheel to enable an edge of the wafer to contact a groove of the

wheel. Thus, an interface forms at the contact point. In exemplary embodiments, one




an edge wheel dryer 140. If using an edge wheel dryer 140 to suction flui
fromthe bottomsurface of the edge wheel 120, then one of ordinary ski
in the art wilt- recognize that the edge wheel dryer 140 can have
configurations simlar to the previously described enbodiments. [00052]
Figure 6 is a side view diagramillustrating a self-draining edge wheel
and a fluid conductor 610, in accordante with another enbodlnent of the

i nvention. e fluid nductor 610 .is coypled tq t e bot |on of the
edge wheel’ boflpgriacesof Broiater edss ﬂﬁan(eﬁot OF AR S ﬁ?“a dhace
beneat h thE sBEhdeOsRd é%tﬁ;&iﬁ %uﬁﬁcet Mhe%ew@@émpl@s%f ibihbods ﬁh@;we gl from the
interface can flow along the edges 620 of the fluid conductor 610.
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gui des any fluid not suctioned by the | ower vacuum channel 260 away from
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mechani sm such as. a robotl c armpositions a wafer to be supported by

wheel s. dpeedsgs ddhs yaf elfhe wafer is positioned to performa cleaning
operation that ns zTet-R gt ghaihhcl udes a
mani pul ation [P%ﬁg %% ené)tgpﬁelﬁ%ffe g‘%@%k%\f%ﬁ er tg cont%ct a
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o e aEplense B SR U1 £hg SHIsB R RE B EReses (o Pt nE R bot t om
sur face OJecﬁdi‘s% tﬁ@fv%fmnéfﬁﬁmy ﬁ?ph@ﬁ ﬂ{ﬁ‘& @inﬁlénﬂy%%% tB!: léluq'ace' Reh Witehdisi ng a
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of fluid because tlﬂ @fesen gl_rfaced%ERr I a)[/vaffler when

posi t i onePc?“?lbrm%‘ieEé‘%H R eﬂ‘ﬁ‘é‘?{ e F%E”Od%‘s CatE R it tdes
operati ortﬁewgedfqh@tvgfetrhe wafer. Specifically, as the wafer rotates, the

wheel s supporti ng t he waf er ) )
0055] Next, in operation 730, the method includes operations to channel

d
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fluid from an interface. Specifically, the fluid propagated to the edge of the wafer
does not accumulate to form a body of fluid having a meniscus. To prevent fluid
accumulation, the fluid is channeled away from the interface. Fluid channeling occurs
through a combination of a structure of a bottom portion of the wheels and the
material composition of the wheels, For example, the structure of the bottom portion
can include an internal chamber having openings for draining fluid, cut out regions, a
plurality of coupled legs, and angled channels. The structure also includes any of the
structures of the embodiments previously described.  Further, the material
composition of the wheels can consider the phobicity, philicity, and hardness of the
material.

[00056] Thereafter, in operation 740, the method includes positioning an
edge wheel proximately adjacent to the wheels to apply suction to remove fluid from
the wheels. It should be appreciated that embodiments of the present invention may
or may not apply an edge wheel dryer. Further, the edge wheel dryer can be
configured according to the previous embodiments prcviously described. When using

the edge wheel dryer, a vacuum positioned near the bottom portion of the wheels can




rotate. During rotation of the wafer, any fluid on a surface of the wafer
propagates to the edge of the wafer. [000541 I n anot her enbodi nent of the
present invention, the wafer renmains stationary, i.e. not rotating.
Further, the wheels nmay remain stationary. Thus, fluid applied to the
surface of the stationary wafer propagates to the edge of the wafer
because the volune of the applied fIU|B‘suff|C|entIy covers the surface

area of the, e It shauld be eC| ted.that in ot h i ment,
the wheel ¥°heR Bj{%tta@n? Sd%ﬁ? Fhetl {hugyr the {pQUtQy S ac%ﬁﬂt?e%e t ati on
i's not regghﬁgquggmﬁﬁgp@g@te fluid to the edge of the wafer. [000551 Next,
in operation 730, the net’hod includes operations to channel fluid froman
i nterface. Spe[@ﬂ%'ﬂal My, thoke of | wilthapr shiflgan e 8, titve opefgonsf deseibedaf er

d | b d f 1l
1 aciri O s PRy S b oy e AR eERE! i o

channel i ngerfo@@bd Sn ah{ loRdkE o dpetRtthB akraifie0df Buid tFdie tihé vhetlsaThey, tdam por tion
of the wheels and the nmaterial conposition of the wheels. For exanple, the

st ruct ur eorder afiibe eparatinns ponatilisriteddanny netiguler squenteer nal chanber havi ng
openi ngs for ng I fn ed | egs,
and angl ed cha0 ﬁg %hhghgtﬁ%ﬁﬁtgg5ﬁ§§@?ﬁ§ haggmggg§§¢%@ﬁlﬁ)§t§%@lures of

t he enbodiorpiipes@r &Vilaus|of vndsstanbied, it Hd[ltH&ei’ppaﬁehEthlﬁﬁbtﬁfanabhangeﬂmﬂBI tion of
‘the wheel s can consider the phobicity, philicity, and hardness_ of the
mat eri al mPeﬁeWPStheatape?ed ‘V#ﬁhfaﬂeﬁ‘r %Pp‘éﬁf ttlaeppﬁtnﬁed FRIAD A P5edinals

posi tioni gﬂ% 0.apply
suction tﬂo19 Ip e m%l\lle CH\@%?% g % %h%vﬁ Ir&phglaltms &V%(#ng gnog,q%ﬁﬂeufs:tll‘;aef gd t hat
enbodlnenhe1mﬂmnhelwme65nbemnuednbdheMamﬂsgnmndmnnntmappwybann@ﬁ@edmheel

dryer. Further, the ed er .configured according to the
previ ous SibBdInPe a 8ﬁ§F§° §@PW§@&E using the edge whee

dryer, a NaguWRAelid.oned near the bottom portion of the wheels can 14
suction fluid channeled fromthe interface. Thus, the bottom surface of the
wheel s remains substantially dry. [000571 To those of ordinary skill in
the art, the operations described herein, and illustrated by the draw ngs,
are exenplary. Further, the operations can be




performed in any order to permit the draining of fluid fromthe wheels.
Thus, the order of the operations is not limted to any particul ar
sequence. [000581 Although the foregoing invention has been described in
sonme detail for purposes of clarity of understanding, it will be apparent
that certain changes and nodifications can be practiced within the scope
of the appended clains. Accordingly, the present enmbodiments are to be
considered as illustrative and not restrictive, and the invention is not
to be limited to the details given GRABYIS but nay be nodified wthin the
scope and equi aIentE @f t he %ﬁgendeg clains. What is clained is: 15 CLAIMS
1. A method fol PrBeBeLiarErarcHtt%? ValGSMRISNE supporting a wafer with a
plurality of edggomhealwaPOwith h%ﬁﬁ@lit?%’fb@ﬁ%ﬁéélé’posﬁ[&ﬂéﬂ@eﬁﬁlﬁréfl@f er, the
plurality of edge wheels being capable of rotating so as to rotate the

waf er; cawrebmbthg viafen thepleghifytof gAsawbenls being edpableeofaiping soaniovetattonar d t he
pIuraIitymegfﬁgdge wheels to reach an interface fornmed between an edge of
the wafer and a’ surface of each of the plurality of edge wheels; and

channel i ng t hecdubinig@ MAdbaSENtRG atsnefapd off tAt wafer 06 neeg ewiré elesplasadiyy from t he
interface, the channeling of the fluid being configured to prevent
f or mat i onCfgrdsg Wheelsita Eaagh an mteréace fermpddetwesd anrdas phe Wager apd et hod of

claim1l, M%E@Bf'ea% Elnlale] '1{21%1@10%&%? whk'&% %@rt her includes guiding the

fluid away from a bottom surtace eac the plurality of edge wheels
with a fluid cartndingrthe Buidcomeictioglttieqriumpliyafedpnyheelnad ey fromdhpr i si ng:

supporting a.wafer with a raljty.of edge eel s positioned peripherally
“around th t‘?ﬂ%‘f’%rtﬁe Fli‘?émglf‘riﬁ‘gtlltﬁ? a“’élf%é‘%fg@“%%%\ﬁgo B@Vﬁ% fﬁ’é{’&%ﬂﬂné’?&f rotating so

as to rotakgiscdshg tefighat GaUsSkA%a fluid present on a surface of the wafer
to nove toward the plurality of edge wheels to reach an interface forned

bet ween an edge of the wafer and a surface of each of the plurality of

edge wheels; 2. The method of claim 1, wherein channeling of the fluid further includes

guiding the fluid away from a bottom surface of each of the plurality of edge wheels

with a fluid conductor.

3. A method for processing a wafer, comprising:

supporting a wafer with a plurality of edge wheels positioned peripherally
around the wafer, the plurality of edge wheels being capable of rotating so as to rotate
the wafer;

causing a fluid present on a surface of the wafer to move toward the plurality
of edge wheels to reach an interface formed between an edge of the wafer and a
surface of each of the plurality of edge wheels;

channeling the fluid contacting the plurality of edge wheels away from the
interface, the channeling of the fluid being configured to preveﬁt formation of a
meniscus of the fluid at the interface; and

suctioning the fluid from each of the plurality of edge wheels, the suctioning
being configured to keep a bottom surface of each of the plurality of edge wheels
substantially dry. ' '




channeling the fluid contacting the plurality of edge wheels away fromthe
interface, the channeling of the fluid being configured to prevent
formati on of a neniscus of the fluid at the interface; and suctioning the
fluid fromeach of the plurality of edge wheels, the suctioning being
configured to keep a bottom surface of each of the plurality of edge wheels
substantially dry. 16 4. The nethod oféclaim 3, wherein channellng of the

fluid further ingc ude uiding the fluid away fro urface of

each of the pltr&h§ &g 0@8 80 3 wBergin qhapprl ‘é‘gﬂf&%ﬁ‘&ggﬁaﬁ 5 An edge

wheel for %H&iﬁﬁ?ﬁéﬂﬁla a%a 2@3 Eﬂthe%%ff&'h'sﬁf &oﬁa&@@fﬂ@?ﬁdr&lﬂy%@@d@e PRd4om
rmAg a groov e

portion f rebet ween recel ving an edge of a wafer,
t he bot t omitherdtuideondectog configured to channel fluid away fromthe groove
to prevent formation of a neniscus of fluid between the groove and the
edge of the wafer. 6. The edge wheel of claim5, wherein the bottom portion

i ncl udes a pl us apjhtey e@hegggﬂgrgg@sﬁg@fwﬁ*w ggmg@sn% ain fluid to an internal
chanber defined in t% bottom portion. 7. The e wheel of claim6,

wherein the |mmmﬂlwhmdtﬁeb0ﬁomp¢tﬁonf¢rm1wégr0@wt repetvacenthe edge wheel of
claim5, whe aI|t sto
channer (o6 Egm g S bETHHBE b pPT N EReoBREl Al I ool ABED L7, o1
i ncl udes angl £6m tEhgdoet & frovabination bﬂa ghenibOus ml@agezewheelgr@dvecl aim5,
wherein the bottom portion has cut out regions to channel fluid. 11. The
edge wheetndghe gdga ohthe WaltEr ein the bottomportion is coupled to a fluid
conductor, the fluid conductor being configured to guide fluid away froma
bottom surface of the bottom portion. 12. The edge wheel of claimb5,
wherein the tof Phetdgenvirretiof dainb§tvwicmin pior idtom perdomamubides bphedlitr om a
single block of materia

of openings configured to drain ﬂuld to an internal chamber defined in the bottom

portion.

7. The edge wheel of claim 6, wherein the internal chamber further includes a

drain.

8. The edge wheel of claim 5, wherein the bottom portion includes a plurality

of legs to channel fluid.

9. The edge wheel of claim 5, wherein the bottom portion includes angled

channels to channel fluid.

10. The edge wheel of claim 5, wherein the bottom portion has cut out regions

to channel fluid.

11. The edge wheel of claim 5, wherein the bottom portion is coupled to a
fluid conductor, the fluid conductor being configured to guide fluid away from a

bottom surface of the bottom portion.

12. The edge wheel of claim 5, wherein the top portion and the bottom

portion are manufactured from a single block of material.




17 13. The edge wheel of claimb5, wherein the top portion and the bottom
portion are manufactured from separate bl ocks of material. 14. A systemfor
processing a wafer, conprising: a plurality of edge wheels for supporting a
waf er, each of the plurality of edge wheels having a top portion and a
botton1port|on form ng a groove therebetween for receiving an edge of a
waf er, the bottom portion being conflgﬁTed to channel fluid away fromthe
groove to prevent formati on of a neniscus of fluid beégf n the groove and

the edge of thE-wHiesdgearekef e, WhEET™ Hieyep Peftiop a8 YeMate to the
plurality of e@gﬁﬁ\@% g a plurality of
vacuum channel’s confi guregéc?gegﬁggfsoﬁ%ﬁlmg{k}ég\%g% 1raclijlm the bottom portion
of each of the plurality of edge wheels. 15. The system of claim 14,
wherein the bo gg]gortion incLude%HgIPIurallt of openings configured to
drain fluid to iSHEETL o PrOfesRing @ Vet A¥EPTH"$'he bottom portion. 16. The
system of cl ai @1%5&11%% ewvﬁe'a% fbm@gaaﬁingcahﬁm@eaéﬂﬁﬂda@plumﬁy velamea drain.

17. The systemof claim wherein ottom portion of the edge wheel

i ncl udes ‘ahcpﬂmlnafllmg Wt@fpdﬁetgsand@ hemportipn inrdnngl@grovﬁet@y@te@me@ffom aim 14,
wherein the.b ortion.of  the, edge | ud annels to
channel TaaE78 ot 4 REE P PO FaBREA Peprsel R SBPRS AT T on' has
cut out rggdyoMsmitke %ﬁsbﬁé‘fb%re\ffdnﬂa'f(ﬂmaﬁgn off dpichiSisarnifid Bétdicon td, grvhier ei n t he
bottom portl on of t wheel is coupled to a fluid conductor, the

e
fluid con@l@dh@ﬁdgﬁe?fﬁbeWé%F ﬁgldr ed to guide fluid anay froma bottom surface

of the bottom po ising: 18
supporting a quf‘g&rgl Qﬁleﬁ?a p Ura (?emg(ﬁﬁatglioo&lwi@er%gogs Pie%Hee E%| pheral |y
around t halgeafiee] dapphayinpga plustdityiobvaehuhlchbthetycoafiguretias suaiontilvéd waf er, the

vol ume of fluid bein
away from the b(gttom portion of each of the plurality of edge wheels.

15. The system of claim 14, wherein the bottom portion includes a plurality of
openings configured to drain fluid to an internal chamber defined in the bottom

portion.

16. The system of claim 15, wherein the internal chamber further includes a

drain.

17. The system of claim 14, wherein the bottom portion of the edge wheel

includes a plurality of legs to channel fluid.

18. The system of claim 14, wherein the bottom portion of the edge wheel

includes angled channels to channel fluid.

19. The system of claim 14, wherein the bottom portion has cut out regions to
channel fluid.

20. The system of claim 14, wherein the bottom portion of the edge wheel is
coupled to a fluid conductor, the fluid conductor being configured to guide fluid away

from a bottom surface of the bottom portion.

21. A method for processing a wafer, comprising:




sufficient to cause the fluid to nove toward the plurality of edge wheels
to reach an interface forned between an edge of the wafer and a surface of
each of the plurality of edge wheels; and channeling the fluid contacting
the plurality of edge wheels away fromthe interface, the channeling of
the fluid being configured to prevent formation of a neniscus of the fluid
at the interface. 22. A nethod for pro&%ssing a wafer, conprising:

supporting a wafer with | yrality.of .edge wheel s.positioned.peripherally
around the maf%P?O%$§99WﬁanggéﬁPhﬁé”XPngﬁﬁHh ]§B§EPFQQQH "Ne wafer, the
vol ume ofarbhitt Beh@iflg sufficient to cause the fluid to nove toward the
plurality of edge wheels to reach an interface fornmed between an edge of

the wafer and apphiing acelvofe efdbid o a sgaqglafithd walpr, lic vaduge offuid being
channel i n f.l uj nkactin he pl,ural.ity. of e I fromthe
Cntor'f aconidEn ke TROR AL Ayt By R Mttt RS SHEORE RaBUAY

f or mat i oningdrfade formiet betkteeflan elge 61 the thaddr ahdle siifARrdf @86k ofahelpility oNi ng t he
fluid fromeach of the plurality of edge wheels, the suctioning being
conf i gur etfigeavheglspangd bot t om surface of each of the plurality of edge wheels

substantially Gf-¥neling the fluid contacting the plurality of edge wheels away from the
interface, the channeling of the fluid being configured to prevent formation of a

meniscus of the ﬂuid at the interface.

22. A method for processing a wafer, comprising:

supporting a wafer with a plurality of edge wheels positioned peripherally
around the wafer;

applying a volume of fluid on a surface of the wafer, the volume of fluid being
sufficient to cause the fluid to move toward the plurality of edge wheels to reach an
mterface formed between an edge of the wafer and a surface of each of the plurality of
edge wheels;

channeling the flnid contacting the plurality of edge wheels away from the
interface, the channeling of the fluid being configured to prevent formation of a
meniscus of the fluid at the interface; and

suctioning the fluid from each of the plurality of edge wheels, the suctioning
being configured to keep a bottom surface of each of the plurality of edge wheels
substantially dry. '




