WAFER EDGE WHEEL W TH DRYI NG FUNCTI ON by Inventors: 5 John Parks
BACKGROUND OF THE INVENTION Field of the Invention [1l] The present
invention relates generally an edge wheel for a substrate used in wafer
cl eaning and ot her operations. 10 Description of the Related Art [2]
Silicon wafers and other substrate materials used in integrated circuit
manuf acturing nust be planarized and polished to neet stringent surface

flatness requirenent [ e j r i.zaiton i.s_known as
chem cal 15 . Uumpﬁ%ﬁﬁ@pﬁﬁfﬁé&)ﬁggwmég ntially
mechani cal polishing in which the slurry used is also an etchant for the
surface to be polished. After CW E})‘rslocess[ng, contam nated substrates are
cleaned. In one step of cleaning, tHe"¥HFf'dces of the substrate are
brushed while a cleaning fluid is applied. To dry the substrate, it is
supporked by a plurality of edge wheghspalkst he edges of the wafer and spun.
O her 20 nmethods of drying in which the wafer is supported by edge wheel s
are feasible as well. T PWala) S fluid to fly off the
substrate. However, due %Aég(?ig?%l?é‘ Q?W%’Md tends to remain at
the edges. In addition, a neniscus can format the interface of the edge
wheel s and’¢lfof dhe, bventien and finally, some liquid may remain on the edge
wheel and - the substrate as it spins arqund. 2 3] Lt is possible to
remove so E f},ﬁ}ﬁ PB&“&EHFWﬁ&“ 58?3&%8% ally ap ﬁgg‘é&ﬂ?egf&t%éubsﬁét?e‘ge@ﬂn at the
edge of thexfwhg@nindatd figgeipef@bes. t here has been no way of effectively
renmoving fluid at the interface of the edge wheel and the substrate. 1
SUMVARY OF THE | NVENTI ON

Description of the Related Art
[2] Silicon wafers and other substrate materials used in integrated circuit
manufacturing must be planarized and polished to meet stringent surface flatness
requirements. One common technique for planarizaiton is known as chemical-
15 mechanical planarization/polishing or CMP. CMP is essentially mechanical polishing
in which the slurry used is also an efchant for the surface to be polished. After CMP
processing, contaminated substrates are cleaned. In one step of cleaning, the surfaces of
the substrate are brushed while a cleaning fluid is applied. To dry the substrate, it is
supported by a plurality of edge wheels at the edges of the wafer and spun. Other
20  methods of drying in which the wafer is supported by edge wheels are feasible as well.
The spinning causes most of the fluid to fly off the substrate. However, due to surface
tension, some fluid tends to remain at the edges. In addition, a meniscus can form at the
interface of the edge wheels and the substrate. And finally, some liquid may remain on

the edge wheel and re-wet the substrate as it spins around.

25  [3] It is possible to remove some fluid by applying a suction at the edge of the
wafer or at the edge of the wheel, but heretofore, there has been no way of effectively

removing fluid at the interface of the edge wheel and the substrate.



[4] Broadly speaking, the present invention fills these needs by providing
an edge wheel with an integrated fluid suction and fluid supply
capability. [5] It should, be appreciated that the present invention can be
i npl enented in 5 nunerous ways, including as a process, an apparatus, a
system a device, or a nethod. Several inventive enbodi nents of the
present invention are described bel ow. [6] I n one enbodi nent, an edge wheel
for supporting and rotating , such as a
sem conductor substrate, i .o hasi-Hg a peripheral groove
configured to support an edge of a substrate and at | east one radi al
channel 10 ext@RdiRGpkatifg Shé gxeéaeqhvmw ftirsomtb%éédpeg ipPReaRL drQeye. [ 7]
I n one enbodi nent, an edge wheel assenbly f a substrate processing
appar at us Wheel it anantearadps finésrctivavind dluzd suppbt capabifitysi t h a groove formed
in an outer perlﬁhery of said wheel body. The groove is configured to
engage an [élige lbfshewld, bSlﬂpstﬂcaatt@i ttl%ttlrthd:t@rmnteinvamtidnr cugbehinddementédrined at
an aX|§ of the ed e whe to allow 15 the e wheel to rotate on a shaft.
I
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at | east %‘Vbr@ﬂin@cﬁtﬁ\lﬂ i IR Qﬁﬂtb%s\éhttlhvéht%aatré @éb@flbfed]%léwas the edge
wheel rotates on said shaft. [8] In another enbodi nent, an edge wheel dryer

i ncl udes ﬁ‘éplhwc@t%' érﬂbd?flinﬁgigean"\@l%t%l wheel ¢ rEuBgt}(tltlﬂg ﬁtdgfo%tﬁ'% & Vﬂ @5’ to

engage an edge of a substrate | east one has a
radi al chahb@ﬂa’teeﬁtl@hmﬁ sgpniinevaiudtofr sairstriates ingtugioy @ whEREb@iyyaw ing @mrmhetalhdes a

vacuum sour.ce, radial channel js fluid c cation h,t

vacuum sofr ¢a’e C[O§' BTSN oTIREY T & ncgn g substiais ﬂgidm a E?Stpqrtf’c@g?’iﬁ Ba%tlel

subst nat e ekraliugdesto sa@t@ttee@ta@dyﬂorﬁtwﬂq{ehbﬂaat BRossibstrate on a plurality of
edge wheels, spinning the 25 substrate, and perform ng one of a wetting

and dryl ng70PEALSRN cRiboddil 8hT Ak RALUCSHLRE SYPH kb g)r@éestl st one

of the edge wheel s. The substrate i's rotation y supporte rality
of edge whpeirgtueantudeavimegiz yhabvevare 4 whicpebodheith & gatoverfgmy@blrt e edge

g{ | gcmen;ugﬁtter %Et?phelr%? 5 salgi %v%e% %l ll"l%e giooc\)f\év%j ccgn 1gru?<§ toeen%eit]gel ettnse ge ' ot tﬁher eby

substrate. Furthermore, a through-hole is formed at an axis of the edge wheel to allow

15 the edge wheel to rotate on a shaft. A radial channel extends inward from said groove.
The radial channe] is in at least periodic fluid communication with a stationary port as

the edge wheel rotates on said shaft.

[8]  In another embodiment, an edge wheel dryer includes a plurality of edge wheels,
each having a groove configured to engage an edge of a substrate. At least one of the
20 edge wheels has a radial channel extending inward from its groove. The dryer also
includes a vacuum source. The radial channel is in fluid communication with the

vacuum source.

[9] In another embodiment, a method for processing a substrate includes
rotationally supporting the substrate on a plurality of edge wheels, spinning the
25  substrate, and performing one of a wetting and drying operation at an interface between
the substrate and at least one of the edge wheels. The substrate is rotationally supported
by a plurality of edge wheels each having a groove at its periphery that engages the
edge of the substrate. Each edge wheel is allowed to rotate on its axis thereby allowing

the substrate to rotate on its axis. Spinning is achieved by applying a rotational force to at



the substrate to rotate on its axis. Spinning is achieved by applying a
rotational force to at 2 at |east one of the edge wheels thereby causing
the substrate to spin. Wetting conprises supplying aliquid to the
interface via radial channels fornmed in the at | east one edge wheel.
Drying conprises supplying a vacuumto the interface via the radial
channels [10] The advantages of the present invention are nunmerous and

will beco e 5 fromthe.foll own etal |l ed descriptijon, taken in
con unct | o ERPRC RS et e Sou P Ak, GF sPhse s DR P St R anp
the princiqapglyimf a lieidi o MR iteiaceBRY Bl DESCRET M Fin HEORAW NS ded 1] The
present invention will be readily understood by the follow ng detailed
descri pti o¥hseh [ughiamestrioes swpplyinge vagswontodhy intey fate avd thg sadialbanieke
reference 10 nunerals designate |ike structural elements. [12] Figure 1
shows a pll&dl vildw adivariagesxdth presens utysttiat erecluemniusgnd ystl davomid jpaFégur e 2

shows cl j ew_ of nterface between a substrate and edge . wheel .
[14) Fpgurns p llowing dglied eqeripRow, ahnrm Sorearlion i scomneying
assenbly. dlﬁvibé@]i}hlfsit@ﬂﬁ%bﬂw§§'@?@caﬂnﬂ@ﬁle\ﬁr§ﬁéﬁ;ﬂ’(§s dffige Bvenmnary edge wheel
assenbly of Figure 3. 16] Figure 5 shows a cross section view of another
exenpl ary edge wheel assenbly. DETAILED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS [17] Fi gur gRIE$ORSCRIPFIONPOF YHERUWRNGSUbSt rate processing
device 5. Substrate 10 1S di sk-shaped and TS supported by four edge wheels
12, 14, including two fixed 20 edge wheels 12 and two novabl e edge wheel s
14. Edge whBel érhf@rﬁi;%tmi"ﬁlttl@ﬁe‘ﬁkj]agérfé%dﬂmuﬁ@prstebétbyaﬂ@ fodlopyng dpfaded ar ns
16 when s | 10 LS ed .in t ar at us. . Loadi ng.,na e

per for mdldg%}lga?gb%lt C%I?{Sb&gcﬁo%&h ?ﬁ%tagg%%ﬁ %)YB% dsf% Isnlg%afl%é]glilff i)é(r’lt?benﬁ? ace
bef or ¢0 novainkemledigeznated destridtuen ghgamtssubst rat e 10. [ 18] Edge wheels 12, 14
all ow substrate 10 to rotate on its axis of symetry which is 25

ake]rplendilggiar Fogurie shdwd a plahhvase st af etdiplaibebiial€cleNB Hsthpt h fixed edge
eel s

[13]  Figure 2 shows a close up view of an interface between a substrate and edge

wheel.
[14]  Figure 3 shows a cross section view of an exemplary edge wheel assembly.
15 [15]  Figure 4 shows a top view of the exemplary edge wheel assembly of Figure 3.

[16]  Figure 5 shows a cross section view of another exemplary edge wheel assembly.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[17] Figure 1 shows an exemplary layout of substrate processing device 5. Substrate
10 is disk-shaped and is supported by four edge wheels 12, 14, including two fixed
20 edge wheels 12 and two movable edge wheels 14, Edge wheels 14 pivot into
engagement with substrate 10 by support arms 16 when substrate 10 is loaded into the
apparatus. Loading may be performed by a robot (not shown) that positions substrate

10 into place before movable edge wheels 14 engages substrate 10.

[18] Edge wheels 12, 14 allow substrate 10 to rotate on its axis of symmetry which is
25  perpendicular to the flat surfaces of the substrate. One or both fixed edge wheels 12

may be provided with some rotational force, e.g., by a friction wheel, belt drive or other



may be provided with sone rotational force, e.g., by a friction wheel, belt
drive or other 3 drive neans (not shown in Figure 1) as would generally
occur to those having skill in the art. Thus, edge wheels 12, 14 maintain
the position of substrate 10 while allowing it and/or causing it to rotate
on its axis while supporting substrate 10 only by its edges. [19] Figure 2
shows a close up of interface 15 fornmed between substrate 10 and edge 5

wheel 14. e I has ro e 13 rmed.jn its o ter ci.rc erence
conti gur ed T EgnEn a6 Ladl i Fah e IS Be v B iadb e R nEiREEBYA T qui o
i s shown hite wayTiafs, edcaiileR BS lb%eﬁﬂahﬂﬁégégtl@‘i offubsiier baagieafliofubstr at e
10 and edge mheel 14 Wwherein both the substrate and edge wheel are

hydr ophi | i@@d/oreaesies it tq Totte onlits exisodsldsuppertiag sdmipte renlpby Heiedgrsr  of
substrate 10 and edge wheel 14 is hydrophilic. The liquid may be a 10
cl eani ng doPLt ifoayrerZ shoivag @étgsemm ofontedadret5 omand betiwens elﬁbstl‘ateplr(km’@%f@ﬂg

substr r adi cha nels 1 are f 0 _edge
wheel | 34° heshat KRR Fah efPit s (RGN e iunRtRS aPESRITT i o
conmmuni cattb @hgatictdilga 1V agUuBtRe 1 6.eMRhisusl 1 UFHme8 RN ghid ROdhoSMOMPwh ofi gur e
2). Wen suction is applied to radial channel 18, "any liquid at the

i nt er f ace SBePRSe einsqcated amnaw@ﬁr@@g@f\mb‘étatelw whil [edpe whepbleavhentin f our

edge \Nheel hll%e S%gstl agBSBfg%ngheéle e bé}llﬁlgu%%g%\%l 1?%%13%1)(#)%8%%16 tgl (%I'ng mor €,

edge 1 1 subs rate pl'yinyg 0 ra hannel
18 [ 21] Emgmraeﬁhahﬁ%mbannexemnﬂ&ﬁgeeﬂgelmheﬁmyﬁ§@ﬁnaPMmBEyn£dg@rMﬁ@el 14
mpunted to a ort .arm 16 by a shaft 20 such that the edge wheel is
free 8 r Gtaree SO%&‘QE TviNg agpat, é?h&lﬂ’schélﬁml?@)‘ USEG ISINBGHS TS SuP@dSSsect i on so
that the internal structure can 20 be seen. Specifically, shaft 20 includes
an axi al ¢Hinné! rlasetivrrdiradip! Fheonelalt op famgd 320 edge wdieelr 4nsigedispinshehimr  27.

T I a c 1 C a Cuu dj QUICE O ! 18
[ansver sg, S0ANDEk 2ol Ha%{ bi9discal gbg/ﬂah' g %m&%ﬁh 3% LA Alce FNAADE! S

which are forned radially 1 nto edge whee transver se
channel s ﬁﬁwaéﬂTﬁwwediF@W@2edﬁeﬂwheemlanmﬂsﬁafmdﬁbﬂ@mwi@hgnaquﬁet®€rength

is not ungykye gawpén%meam'aﬂd ong uﬁ{quq'vm?@& enfREd. ¢ HIABEVEES GrG J(}afw% s

formed into shaft 25 20 and si x rad channe are or ne |n edge’ wheel 14
as shotn msy bﬁalﬁ)tv@iﬁﬁl With qugth@nne 18. Furthermore, edgeil of substrate 10 maybe wetted by

supplying fluid to radial channel 18.
{21] Figure 3 shows an exemplary edge wheel assembly 30. Edge wheel 14 is
mounted to a support arm 16 by a shaft 20 such that the edge wheel is free to rotate.
Edge wheel 14 and shaft 20 are shown in cross section so that the internal structure can
20  be seen. Specifically, shaft 20 includes an axial channel extending from a top end 32 to
a transverse channel 27. Transverse channel 27 periodically aligns with each of radial
channels 18 which are formed radially into edge wheel 14. Any number of transverse
channels may be formed into edge wheel and shaft 20 so long as the strength is not
unduly compromised. In one embodiment, one transverse channel is formed into shaft
25 20 and six radial channels are formed in edge wheel 14 as shown in phantom in Figure
4. The term, "radial channel" is not intended to be limiting as it requires only that the
channels extend into the body of wheel 14 from groove 13.
[22]  Shaft 20 extends axially through edge wheel 14, and bearings 24 permit edge
wheel 14 to rotate on shaft 20. For example, bearings 24 may be made of some low
30  friction self-lubricating resin such as polytetrafluoroethene (PTFE) or nylon. Composite

materials such as that sold under the trademark, RULON by Saint-Gobain Performance



4. The term "radial channel” is not intended to be limting as it requires
only that the channels extend into the body of wheel 14 from groove 13.

[ 22] Shaft 20 extends axially through edge wheel 14, and bearings 24 permt
edge wheel 14 to rotate on shaft 20. For exanple, bearings 24 may be nade
of sonme low 30 friction self-lubricating resin such as

pol ytetraf| uoroet hene (PTFE) or nylon. Conposite materials such as that

sol d under t, . ai nt= Gobai n Per.f or nanc | astics
v or oal oot bt MRHSIRN Gy U MR A0 C B AU CE TR ared, Bh e
Bearings 24ararcboselyofiefoyshbftt20tio redaktiead@gt ehrbegdiige iheakager édpcorghl the

interface of ﬁd e wheel 14 and shaft 20. [23] G oove 29 extends around the
ci r cunf er éfide 28haft 20 at the interface between 5 channel 27 and

channel s 18350 ¢R8be 66 RkicAHOMSHURL icggm?%e%n@é @Y\'EhafﬁLMtatM: iﬁ%%@%le%ejeg'

Alternatively, a simlar (I:;roove may ormed on the 1 nner dianeter of edge
wheel $4. chapnek2fandvadanrelsptoee diah gontigroowertiad, isalrgap fonotll shawels Bet ween

shaft 20 . Vi rge .enough so that vacuum
conmmuni ca?@%@ﬁggigg %ﬁh%arég%%o?l%zaé %f]%‘éefle%le@\g\é%nr?r %n%ei?} nogtellé eelwyrl},% é[1i {)f may be
desi r abl e Alermtiovenprovaiingarpfovenihei fug (26 shownubdteadredhaft Q0any cdfrawhedl 18
not in alignment wth intgrfa}ge 15. In trgs case, no 1%5_00 e 29 is
provi ded, ‘and®aCeiHgT E'UEL RS VT SACEIRA A beospniynicated gl dhe 8ars SR s o
that fl ui dhdrsbetwsthny Aranaivelyonk channsd sickBamiben Hhe¥nrhgodhi oRGd BWeihp
interface 15 between substrate 10 and edge wheel 14. [24] A suction |ine
52 maybe CRBOPPEACAHC fpehennch 8 gptinialiginens wyth migehsrgl Sk FY BHdes3 10 8F00vE5 sone
other fl ui2d i hiR@ideNIAEIaNShoEAEvSHCthaitSel Oh e dlf; lm‘?qt és%o&/ﬁgg bhat ALRAL €
etc., to provide communication between axial” char%ne 26 and a vacuum
sour ce 50.0onjyaBawy from qhiaprels Bpwhe thenarewdigead with interfiet efbyyeepiubsiaig 19t
whi ch draygq gcﬁg‘éiv%egtl‘_fdf fromthe center toward edge 11. Sone fluid may

11.

adhere at edge o renove this fluid, suctionis applied to suction
line 52 whiddh ifssuctiomtling ddstaypler cagied  ltop 82 o6 smin2 & atd. ousing thivadadh or adi al

Izg t grﬁggglsq}ég \cl)\ﬁllglld {ehslg(?trng%ggra%lnlgq;u%rng % a]s'5clamsplél,c ﬁ'f-ctcl)gn gegt%\,,\ﬁipgi%,t etg?% ;Ir!)\lfJiidg at
communication between axial channel 26 and a vacuum source 50.
[25]  In a first operation, wafer 10 is dried by spinning it, which draws fluid out from the
center toward edge 11. Some fluid may adhere at edge 11. To remove this fluid, suction is
applied to suction line 52 which is in at least periodic fluid communication with each radial
20 channel 18 and therefore interface 15. Suction draws out any fluid at interface 15 while
substrate 10 and edge wheel 14 rotate, thereby drying edge wheel 14.
[26]  Alternatively, in certain processes, another mechanism is used to wet the wafer to
prevent the wafer from being dried by the action of edge wheels. To prevent the edges from
being dried by this action, a fluid may supplied to wheel assembly 30 for wetting edge 11
25  of substrate 10. This allows the wafer to be made uniformly wet with the particular fluid
being used. In this circumstance, it may not be necessary to provide so much pressure as to
generate a spray, but rather enough so the edge of substrate 10 is made uniformly wet.
[27] Figure 5 shows an exemplary cross section view of fixed edge wheel 12. Fixed
edge wheel 12 includes a shaft 40 extending through the body of wheel 12. Shaft 40
30 rotates with edge wheel 12 on a pin 58 that passes through axial through-hole 46. An

annular space 54 is formed between a cavity in edge wheel 12 and a cover 45, which

has a T-shaped cross section. Retainer 48 retains cover 45 on edge wheel 12, and may be



substrate 10 and edge wheel 14 rotate, thereby drying edge wheel 14. [26]
Alternatively, in certain processes, another nechanismis used to wet the
wafer to prevent the wafer frombeing dried by the action of edge wheels.
To prevent the edges from being dried by this action, a fluid may supplied
to wheel assenbly 30 for wetting edge 11 25 of substrate 10. This all ows
the wafer to be made uniformy wet with the particular fluid being used.
In this ci Gee It Vi DOk sar rovj NIC Fessure
a8 to gercrare! ahgEob bf BMoRcHe QRSASSAY hBLANMNS: FapE RuRISS S
made uni f dtetdiyerwi® maf Bé) e. ki guive Govehadss sgnlexengaizanshesl D5y £ehgo47, VA ew of
fixed edgﬁ) Y\%gel 12. Fixed edge wheel 12 includes a shaft 40 extending

t hrough t MENBEApERes e 42domaggppulley isplovse gediongfshatdge wheel 12 on a
pin 58 that passes through axial through-hole 46. An annul ar space 54 is
formed betf¥®len B opargiion & diivedgeroptetishawnhdidves bebividrwhigh engsigeheronus 42

T- shaped 31 I i on 2, and
may boo 5 aas, SEEe Pk POk PR odPilshd PR RS DBl 5 o ow
relative Sahfdiban fixeletastacted t48dpmwhbel, 1 22b@meckanidill meend, @thddvd, or 88t ed to
edge wheel 12 by Orings 47, A belt 44 engages groove 42 form ng . a _pulley
in alowe F"%B?-t‘%l%‘ﬂn?ﬁveghé?%ﬂ 49 .&nfﬂb ogge Whefép‘lgria@y Br integrally {amed of asingiot
shown) dr iwgesidper ' . : [ t 40
on A i (e R M Ao N o BE0% BB 48
is fixedl gnatlaraphesS4 o e garialvhaelnl Alleynatechyanifivad mag desppplithicsianeulaor

ot her .. means. ternatively . shaft 46 and edge wheel .12 nay integrally
f or med? of S%acgis_%lg‘f% POff e prifla’ ik Sgda it Gy gﬂwv@ﬁﬁi%wgﬁ a%qb@rf%aaweq%
vacuum i s 18midiesheddte BOBEscRBed SHoRk B reBRRHHAdE RAGE! RASHON AN REE I 3l _
vacuum Alternatively, a fluid may be suppliedto annular 10 space 54 via

port 56. fynul gynisPAGE! vk SdcBadib!if sk DGR BB aé%ﬁgrgnmgée {Ylg‘t@ﬂpel >

18 which opérate as described above w th rlespect to own in
Fi gure 3. driy@gieanthidudd he bie¢d todinipaet notatioand sdpé svhséioln Fuithersduoel doteble

clge heet itz ity TR PEINFEER A C0% RESI o 14 coul d be i ntegr ated
with ? 5 dr f3VO? Aﬁ%ﬂiﬁ the foregoing invention has been described in some detail for purposes
of clarity of understanding, it will be apparent that certain changes and modifications
may be practiced within the scope of the appended claims. Accordingly, the present
embodiments are to be considered as illustrative and not restrictive, and the invention is

not to be limited to the details given herein, but may be modified within the scope and

20  equivalents of the appended claims.

What is claimed is:



15 [30] Al though the foregoing invention has been described in sone detai
for purposes of clarity of understanding, it wll be apparent that certain
changes and nodifications nay be practiced within the scope of the
appended cl ai ns. Accordingly, the present enbodinents are to be consi dered
as illustrative and not restrictive, and the invention is not to be
limted to the details given herein, but may be nodified within the scope
and 20 equivalents of the appended clains. Wiat is clained is: 6 CLAIM

1. A wafer handling apparatus for handling a sem conductor wafer, said
waf er handling apparatus conprising: a plurality of edge wheels arranged
for rotatably supporting the wafer, epaling§ the edge wheels conprising a
wheel body having a groove formed i nTan outer periphery of said wheel

body, said groove being configured to engage an edge of said wafer such

that the wafer jmay be inserted into the grqove.and supported by.the.groove,
each of the edlge vm/gewa{s}glh ?}}dﬁlagaaﬁ’%’;?ﬂ? %bglﬁn@ﬂgcﬁ SFWE&%&%O\/\IP%E s l%gg
conf i gur edvdfer iaatiBfgappab@ietdnprding east one of the edge wheel s has a radial

channel extendi ngl into the wheel body from said groove and a through-hole
formed al ong t RePlEsalisy of edgsewheely amtiged dor eigeblusapporting sravelesxqaeh@f ng

t hrough sgj ge&égRﬂ%gfg‘g#éﬁ{tp?fsin%}gwg%{bg?f gﬁgﬁ%éi vb BGVMA8E an o%?e%)elg@{re% di c

rotation about™t S erng I1n at leas

fluid comfunidcdteebmody, sdid gratvatbicapaconfigoret torngrze safedgaiof sedgafwtraet and
said shaft as said edge wheel .rotates on said shg;%. 2. The wafer_ handling
appar at us [ 19 WelsH ayRgdrserisd dndp dheggpye gued by e grpeyh rchdfdhtel

that conprliseshads Bk aﬁaﬁ@ggbn %ti&mliagsgaét hRG 90 ré&f t0S8lath, wiRASG tO a

poi nt proxi mate sai d radi al annel, an east one transverse channel
ext endi ng af leashosgiod thexédge vdteaksrieb atradialicheutd rexpedinghetoythe ivhseli ehdg it

Pt bt ook 3l LunSIRRRSl AR abRE IR ax ML 1 BRE LA ek
a shaft extending through said through-hole, the shaft supporting the wheel

body for rotation about the shaft, said radial channel being in at least periodic fluid
communication with a stationary port on one of said edge wheel and said shaft as said

edge wheel rotates on said shaft.

2. The wafer handling apparatus of claim 1, wherein said shaft comprises
an internal channel that comprises an axial channel extending from one end of said
shaft to a point proximate said radial channel, and at least one transverse channel
extending from said axial channel to an outer periphery of said shaft proximate said
radial channel, said radial channel extending to the through-hole thereby placing the
axial channel of the shaft in at least periodic fluid communication with the radial
channel as the edge wheel rotates on the shaft, said port comprising a connection at said
one end for attaching a fluid line in fluid communication with said internal channel, the

fluid line extending from the shaft to the source of fluid pressure.

3. The wafer handling apparatus of claim 2, wherein said edge wheel is

mounted to said shaft using a bearing, said bearing being closely toleranced to said



axi al channel of the shaft in at |east periodic fluid commnication with
the radial channel as the edge wheel rotates on the shaft, said port
conprising a connection at said one end for attaching a fluid line in
fluid conmmunication with said internal channel, the fluid |line extending
fromthe shaft to the source of fluid pressure. 3. The wafer handling
apparatus of claim2, wherein said edge wheel is nounted to said shaft
using a bearing, said bearing being closely toleranced to said 7 shaft and
sai d edgeighgel to mnimze fluid | eaks froman interface between said edge
wheel and S9&ft @nd paif ©dge wheeldoypingniza vyl leaks Bipmatrainirsfase betweersaid edae t her
conpri si NGy idelM A stARM t hat sel ectively noves said edge wheel into
engagenent with sald wafer when the wafer is positioned between a
plurality of said edge wheels, 5. The wafer handling apparatus of claiml1,

wherein said edge el urther conprises. an annuyl ar chanber and a cover,
said at |east %ne %ea‘i"a%ﬁhﬁ'i‘fﬁllng @%@Hﬁi‘?fg"?‘l“%h %@r ERTBRVENE 8 TAYIHE
annul ar  chafhes sRLGR1Y sndves BRM st Waed 5@ &gsgaﬁentmﬁﬁéai@%f&%&n% er,
sai d cover being sealed to said edge wheel such that said cover and said

edge wheelWaddris potigeredlictMeanesplawlityt of ssatdgotteels. sai d port conprising a
connection on said cover for attaching a fluid line. 6. The wafer handling
apparatus of claiml1, further conprising a pulley fixed to said edge

wheel , the pul lsey alThewivagr thadesgepyhieel droclben rotwh&einbyaid eagé twheepher ein
rotation of the edge wheel causes tﬁe wafer to rotate. 7. An edge wheel
dryer conpWiRer rgmpaisey an anpekyr gharabryeanghe epuer, waldr i lsas ok Tofliat khaghe
wheel s ha axi ' - i 1 fi .qt , and
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wheel s connection on said cover for attaching a fluid line.

6. The wafer handling apparatus of claim 1, further comprising a pulley
fixed to said edge wheel, the pulley allowing the edge wheel to be rotated by a belt,

wherein rotation of the edge wheel causes the wafer to rotate.

7. An edge wheel dryer comprising:

a plurality of edge wheels, wherein each of the edge wheels has an axis upon
which the edge wheel is configured to rotate, and each of the edge wheels has a groove
configured to engage an edge of the wafer such that the edge of the wafer is inserted
into each groove thereby supporting the wafer by the plurality of edge wheels, the edge
wheels being arranged to receive and support the wafer, at least one of said edge wheels
having a radial channel extending inward from said groove; and

a vacuum source, said radial channel being in fluid communication with said

vacuum source whereby the vacuum source causes suction of fluids from the groove,



havi ng a radi al channel extending inward from said groove; and a vacuum
source, said radial channel being in fluid communication with said vacuum
source whereby the vacuum source causes suction of fluids fromthe groove.
8 S. The edge wheel dryer of claim7 wherein one or nore of said edge
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supported by said plurality of edge wheels.

10. The wafer handling apparatus of claim 1, further comprising a vacuum
source connected to the vacuum port by a vacuum line, the vacuum source thereby

being in at least periodic fluid communication with the radial channel.

11, The wafer handling apparatus of claim 1, further comprising a supply of
wetting liquid connected to the vacuum port by a supply line, the fluid supply thereby
supplying the wetting liquid to the groove by way of the radial channel.

12. The wafer handling apparatus of claim I, wherein each edge wheel

includes the radial channel and the vacuum port.



