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for preventing fluid deposit and accunul ation on substrate surfaces during
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At the substrate |evel, transistor %Wi ces, dlﬁvi ng di ffusion regions are
formed over and into silicon subsfP4f&€eii @Whigdequent Ievels, 20
intercomnect nmetallization |lines are patterned and electrically connected
to the transistor devices to define the desired functional device. As is
wel | known, patterned conduct iZAS% OF JUEINVENHIN o from ot her
conductive layers by dielectric materials, such as silicon dioxide. At

each netal i gaid onnk eY&hsbhhere is a need to planariz:e.netal or associated
dielectricTmatéerial.. Tn sone applications, netallijzation |jne patterns
are defined in Threpuer detepiien pdees sgreraling RS canag B4 THBEhEI Bl
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achi eve and maintarn the necessary degree’o cl’Banl'i ness essential “to 30
proceed to(f@®ubsequent fabrication operation. As transistor device

structures,bgacone _.smaHer and ,npre conplex, the precision required to
achi eve anmﬁw) hedd ]fﬁeQA%fi nition demands

15 In a manufacturing processes for fabricating a semiconductor device, an LCD, a

magnetic disk, an FDP, etc., there is a need to perform wet cleaning of substrates at various
stages of the fabrication process. By way of example, integrated circuit devices are typically
manulactured in the form of multi-level structures. At the substrate level, transistor devices
having diffusion regions are formed over and into silicon snbstrates. In subsequent lovels,
20 interconnect metallization lines are patterned and electrically connected to the tansistor
devices to define the desired functional device. As is well known, patterned conductive layers
are insulated from other conductive layers by dielectric materials, such as silicon dioxide. Al
each metallization level there is a need to planarize metal or associated dielectric material. In

some applications, metallization line patterns ate defined in the dielectric material, and then
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chemical mechanjcal planarization (CMP) operations are performed to remove excess
metallization.

Following each CMP operation, a wet clean of the substrate is typically performed.
The wet clean is designed to wash away any by-products of the fabrication process, remove
contaminants, and to achieve and maintain the necessary degree of cleanliness essential to
30 proceed to a subsequent fabrication operation. As transistor device structures become smaller
and more complex, the precision required to achieve and maintain structure definition demands
exacting standards of cleanlivess be mainiained in all process operations. If a wet clean is

incomplete or ineffective, or if a post-wet clean drying is incomplete or ineffective, then



exacting standards of cleanliness be maintained in all process operations.
If a wet clean is inconplete or ineffective, or if a post-wet clean drying
is inconplete or ineffective, then WO 2005/ 064648 PC.' 71 US200- 1/ 012871 2
unaccept abl e residue or contaninants are introduced into the processing
envi ronnment ywo RRtENAEsal |y conprising the integrity of thg-deMiGassbei ng
fabricated. Several substrate drying operations and techni ques are enpl oyed
for post-wet clean and other substrate drying, and include such processes
as spin drying and the plurality of spin 5 drying variations,
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apparatus for conplete and effective edge drying of substrates whi ch

elimindte ®H®"Sleunul ation and re-depositing of 25 fluids on a substrate
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fills these needs by providing an apparatus for drying a substrate that
i ncl udes remelngfedtedsr subehtiadnbtye HFbE CGPRIBRaC this SHEFE{FaYse fiists at the

substrate edge. As fluids are driven 18 from the surface of the substrate 10, some {luid can be
caplured and trapped in fixed edge wheels 12 and stabilizer edge wheel 14, and re-deposited
20 étong edge of substrate 10 as it is spun.

Due to the exacting requirements of current and evolving substrate fabrication
processes, complete and effective drying is highly desirable, but rarely achicved with current
apparatus and techniques. What is needed are systems, techniques, and apparatus for compiete
and effective edge drying of subsirates which eliminate the accumulation and re-depositing of

25  fluids on & substrate edge.

SUMMARY OF THE INVENTION

Broadly speaking, the present invention fills these needs by providing an apparatus for

drying a substrate that includes removing fluids from an edge wheel groove in SRD systems.

30  The present invention can be implemented in numerous ways, including as a process, an

apparatus, a system, a device, and a method. Several embodiments of the present invention are
described below

In one embodiment, an apparatus is provided. The apparatus includes an edge wheel

having a groove defined by sidewalls of the edge wheel, and a vacuum manifold having a



30 The present invention can be inplenented in nunerous ways, including as
a process, an apparatus, a system a device, and a nethod. Several

enbodi ments of the present invention are described below In one

enbodi ment, an apparatus is provided. The apparatus includes an edge wheel
havi ng a gr apyenedefinned by sidewal | s of the edge wheel, @and @uMasssm

mani fol d having a W VO 2005/ 064648 PC 1715200-1/042871 3 proximty end.
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20 Another benefit is that ‘cmbodimems of the present invention are easily implemented in
existing systems and apparatus, as well as systems and apparatus currently being developed.
Compenent parts are easily and incxpensively manufactured, and yield significant return in
reduciion of waste and precision of manufacture.

Other advantages of the invention will become apparent from the following detailed

25 description, taken in conjunction with the accompanying drawings, illustrating by way of

example the principies of the invention.

Brier DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which ate incorporated in and constitute part of this

30 specification, illustrate exemplary cinbodiments of the invention and together with the
description serve to explain the principles of the invention.

Figure 1 illustrates surface removal of floids from a substrate using a spin dry

technique.



exanple the principles of the invention. Bi nmy DrscRUP PI ON OF THE DRAW NGS
The acconpanyi ng draw ngs, which are incorporated in and constitute part of
this 30 specification, illustrate. exenplary enbodi nents of the invention
and together with the description serve to explain the principles of the
invention. KRi@W€ndld | Ustrates surface removal of fluidg. fromagubstrate
using a spin dry technique. W 2005/ 064648 PCT/U82004/042§71 4 Figure 2
shows an edge wheel having sidewalls that define an edge wheel groove in

which is received a peripheral edge of a substrate. Figure 3 illustrates
the re-deposit @fgutd aRPSG: bt Widswie] MhahOsidorals ahatfdetihg adlcosn@hddgroove in
peri phery of a substrate. 5 Figure 4 illustrates an edge wheel dry manifold

i n accor darffichis fereiypda BHEBaTNEde obf SUBSKECpr esent i nvention. Figure 5 shows
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in accordance w thh one e e present invention. Figure 8 shows
an edge whekd prefeyt inemitibol d i n accordance with anot her enbodi nent of the
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prevent thenhedidepasitid agseof infdndids on a peripheral edge of a substrate.
'n the follow n%i.g(tjagast%csrhioeitsia% %’dgen\g{{re%{ 81%/31113%)0% i];liagcoqggn%g lwszth%glgther embodiment of
the present invention.
15 Figure 9 illustrates an embodiment of the present invention implemented in a substrate
processing systeim.

Figure 10 is a flow chart diagram illustrating the method operations for substrate drying

in accordance with an embodiment of the present invention.

20 DErALED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An invention for substrate processing is described. In preferred embodiments, an edge
wheel dry manifold is configured to edge wheels in substrate drying apparatus, and is provided
to evacuate fluids from within the edge wheel groove and to prevent the re-depositing of fluids
on a peripheral edge of a substmté. In the following description, numerous specitic details are

25  set forth in order to provide a thorough understanding of the present invention. It will be
understood, 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,

As is known, one method of drying a substrate is by use of a spin/dry or SKID

30 apparatus, herein after referred to collectively as an SRD apparatus. As described above in
reference to Figure 1, an SRD apparatus uses centrifugal force to diive fluids from both active
and backside surfaces of a substrate. Figure 2 illustrates how fluids are trapped and re-
deposited along a peripheral edge of a substrate 10. Figure 2 shows an edge wheel 102, having

sidewalls 102a that define an edge wheel groove 104 in which is received a peripheral edge of



25 set forth in order to provide a thorough understanding of the present
invention. It will be understood, however, to one skilled in the art, that
the present invention may be practiced wthout sone or all of these
specific details. In other instances, well known process operations have
not been desgh bR R detail in order not to unnecessar i QBRGHIA-t he
present invention. As is known, one nethod of drying a substrate is by use
of a spin/dry or SRI) 30 apparatus, herein after referred to collectively
as an SRI) apparatus. As described above in reference to Figure 1, an SRD
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uid 108 céan , and are,

deposited at any point around the peripherat edge of substrate 10. Such micro-dots of fluid 108
represent undesirable incomplate drying of substrate 10,

Figure 4 illustrates an edge wheel dry manifold 120 in accordance with one

embodiment of the present invention. Edge wheel dry manifold 120 includes a manifold body

25 122 having an attachment end 24 and a proximity end 126, Proximity end 126 includes from

one to a plurality of ports 128, which in one embodiment are vacuum ports, and in the

illustrated embodiment include upper vacuum ports 128a, mid vacuum ports 128b, and lower

vacuum ports 128¢.  Tn other embodiments, one or rore ports are located in posifions

cortesponding to one or more of the regions identified for upper vacuum ports 1282, mid

30 vacuum ports 128b, and lower vacuum ports 128c, according to processing apparatus in which

the edge whee! dry maenifold 120 is implemented, processing requirements, etc, In one

embodiment, ports 128 arve plumbed through a central region or core of manifold body 122, the

machining of which results in port bore plug 132 shown on attachment end 124,



deposited at any point around the peripheral edge of substrate 10. Such

m cro-dots of fluid 103 represent undesirable inconplete drying of
substrate 10. Figure 4 illustrates an edge wheel dry manifold 120 in
accordance with one enbodi nent of the present invention. Edge wheel dry
mani fol d 12Q,4 apkides a manifold body 25 122 having an gttachienk-end 124
and a proximty end 126. Proximty end 126 i ncl udes fronlone to a plurality
of ports 1.28, which in one embodinment are vacuumports, and in the
illustrated enbodi nent include upper vacuum ports 128a, m d vacuum ports
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positioned at least partially within edge wheel groove 104,

20 Figure 5 shows a cross section view of an edge wheel dry manifold 120 in accordance
with one embediment of the present invention. In the llustrated embodinent, edge wheel dry
manifold 120 is positioned adjacent to edge wheel 102, and at least partially within edge wheel
groove 104, Proximity end 106 is formed to essentially conform to the surfaces of sidewalls
102a. Opposite proximity end 126, subsirate 10 is shown positioned in edge wheel groove 104,

25 illustrating essentially an operational state of a substrate drying apparatus. An operational
clearance 146 is maintained during processing between proximity end 126, and edge wheel
sidewalls 102a defining edge wheel groove 104, In one embodiment of the invention, edge
wheel dry manifold 120 is fully adjustable to establish and maintain a consistent, desirable
operational clearance 146, Additiona) detail regarding operational clearance 146, and edge

30 wheel dry manifold 120 adjustment is provided below in reference to Figures 6 and 7,

In the emibodiment ilfustrated in Figure 5, three vacuoum port 128 locations are shown,
including upper vacuum port 128a, mid vacuum port 128b, and lower vacuum port 128c. At
gach vacuum port 128 location, from one to a plurality of vacaum ports 128 may be provided.

in other embodiments, one or more vacuum port 128 locations (e.g., upper, mid, and lower)



sidewalls 1.02a, allowing proximty end 126 to essentially conformto the
shape of, and to be positioned at |east partially wthin edge wheel groove
104. 20 Figure 5 shows a cross section view of an edge wheel dry manifold
120 in accordance w th one enbodi ment of the present invention. In the

i I'lustratedegbpdiient, edge wheel dry manifold 120 is RqsidiQned,adj acent
to edge wheel 102, and at |east partially within edge wheel groove 104.

Proximty end 106 is formed to essentiajly conformto the surfaces of
sidewal I s 102a. Opposite proximty end 126, substrate 10 is shown

posi ti oned rdy wdgeninheekighaove pbed 122providedsd . adnilng eigsentinapd:y 128 and/or
operational state of a substrate d y glég arat us.. An operational
cl earance 19%% Ya&URPAT PR oo & 1BF 3lusdsicd srbatimisBhN S TSAARET VAol PP,
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enbodi nent s, .0 Y uum port 128 |l ocations (e.g., upper, md, and

| oner) WO ﬁﬂégﬁd%ﬁﬁﬁgaéﬁﬁngszoo4/012871 7 may be elimnated with vacuum
ports 128 proviﬁeduAamQMhn@mbyﬂmUnwmdmuamuummmqnbwﬂ@ﬁh\amdmmponﬂbMﬁhwmaeuum
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20 122 is plombed for fluid delivery (not shown) in addition to fluid removal. In accordance with
known manufacturing methods and techniques, two or more lines (not shown) are constructed
within manifold body 122 to enable the delivery of fluids, air, vapors, or gas, in addition to
vacuum for removing fluids, as well as removing or evacuating air, vapors, gas, efc.

Figure 6 shows a cross-section view of edge wheel dry manifold 120 in accordance

25 with an embodiment of the present invention. Figure 6 shows an edge wheel dry manifold 120
having a manifold body 122 including an attachment end 124 and a proximity end 126, Edge
wheel dry manifeld 120 is shown in an operational position adjacent to edge wheel 102, with
proximity end 126 at least partially within edge wheel groove 104 and adjacent to sidewalls
102a which define edge wheel groove 104. In the illustrated embodiment, mid vacuum ports

30 128b and fower vacugm ports 128¢ are provided, and connected by vacuum bore 129 (o a
vacuurn fitting 134, to which is connected a vacuum supply (not shown),

In the illustrated embodiment, edge wheel dry manifold 120 is attached to stabilizer arm
140, which also provides mounting and positioning for edge wheel 102, Connectors 136,

which can be screws, bolts, studs, locking pins, or any other known method of securely



constructed in accordance with known manufacturing methods and techni ques,
including 15 drilling or boring a central |ine through manifold body,
boring or drilling a manifold line across proximty end 126, and punching
vacuum ports 128 as desired through proximty end 126 to central and/or
mani fol d | i REg 2uekMss@e enbodi nent, vacuum bore plugs (seg-f@hugxapl e, 134
in Figure 4) are then provided to seal the vacuum plunbing access as
necessary. In one enbodi ment of the prgsent invention, the central region
or core of manifold body 20 122 is plunbed for fluid delivery (not shown)
in additi oRh@idyl ikBakieNRY¥Rbondni, AL kdEN@EeMIfymak fdv20mRNhaThaur brgl24
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I n one embediiENtenai0 BISEHM Enl RGtiGE edInQmETe. gM@_ﬁilstnd’Jth@Wlﬁ@ll dudcﬁh@n ttuo
stabilizer arm 140 at mounting holes 130 (see Fig

appr ecil at edr foist as indigHrsiughdeghenshpsay 1613)5/f"hﬁ?ﬁ"’f‘61|“‘i?1 ﬂgml?l}lf%gi r%‘t"é&f‘*?ﬁ““
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mani fol d 120°Ts configurable for, ‘and intende provided with any
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are exenpl d I 814 n Leisd MBue I n
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subst r%e 10 i SF]?;F' QWN shor%vs ) tc%\ r!—&%l]on view of edge wheel dry manifold 120 in accordance

with one embodiment of the present invention. The embodiment illustrated in Figure 7
includes a manifold body 122 havieg an attachment end 124 and a proximity end 126.
Proximity end 126 is adjacent to edge wheel 102, and at least partially within edge wheel
groove 104 defined by edge wheel sidewalls 102a. The illustrated embodiment includes a

25 single mid vacuum port 128b location, connected by a vacuum bore 129 to a vacuum fitting
134, which provides for connection to a vacuum supply,

As described above in reference to Figare 6, edge wheel 102 is typically adjustable in at
leasi a vertical direction, illustrated by directional arcow 142, to achieve and maintain desired
aligniment for substrate 10 (sce Figure 6) positioning, and to enable high speed substrate 10

30 rotation. Accordingly, one embodiment of edge wheel dry manifold 120 is adjustable in at
least the vertical plane represented by directional arrow 142, to achieve and maintain desired
positioning and alignment of proximity end 126 relative to edge wheel groove 104, In the
illustrated embodiment, edge wheel 102 is adjustably connected to stabilizer arm 140 with

shaft 144. Similarly, in one embodiment, shalt 144 provides for adjustment of edge wheel dry



10 horizontal orientation, and it should be appreciated that edge wheel 102
may require adjustnent in a vertical direction, up or down, and illustrated
by directional arrow 1.42, to nmintain desired alignnent, orientation, and
secure positioning of substrate, and enabling rotation. In one enbodi nent
of the invenidons,Gopnectors 136, and nounting hol es 13Q(QﬁﬁﬁmquQHre 4)
enabl e correspo dlng vertical adjustnent (e.g., adjustnent a vertical
direction, up 15 or down, as indicated_ by di recti onal arrom1142) for edge
wheel dry manifold 120 to nmaintain prgper al i gnnment between proximty end
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rm W t

stabilizer shaft Simlarly, in one enbodi nent, shaf t
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directional larr ow ext ends fro ttachrrent nd 124 into
st abi | i zer apgannuk46ed for ﬂmzmtmamd dpx)sgtl oning, and to prevent di spl acenent of

edge wheel dry UBALLALT 120 QHE. A0 RLRLP Mo Aol RfeniB (ERIRRLIN. RO

mani f ol d body 1 fated in Figure 7, a single
vacuum pOrtﬁlldCQ@[&tlllmﬂ,dtctil’w (mgdtmnal arrow 142, Additionally embodiments of edge wheel dry

20 manifold 120 are adjustable in a horizontal or lateral direction, illustrated by directional arow
148, Adjustment of lateral positioning (not shown) is provided in one embodiment in order to
maintain a desired operational clearance 146 between proximity end 126 and edge wheel
sidewalls 102a that define edge wheel groove 104. In one embodiment, operational clearance
146 provides that surfaces of edge wheel manifold 120 and edge wheel 102 are not in direct

25 contact, and a clearance 146 of approximately 0.015 inch is maintained. In other embodiments,
operational clearance falls within a range of approximately 0.002 and 0.060 inch.

Figure § shows an edge wheel dry manifold 120 in accordance with another
embodiment of the present invention. Edge wheel dry manifold 120 is intended for
implementation in a plurality of cleaning and drying apparatus, and with a plurality of types

30  and configurations of edge wheels. In the embodiment shown in Figure §, edge wheel dry
manifold 120 includes a manifold body 122 having a proximity end 126 and mid vacaum ports
128b. Figure & further illustrates that embodiments of edge wheel dry manifold 120 may be
variously oriented in accordance with specific implementations, SRD apparatus, etc. In the

illusteated embodiment, edge wheel dry manifold 120 may be implemented, by way of



vacuum port 128b is provided. As described above, vacuum ports can be
configured to any desired location in the proximty end 126 in order to
evacuate water, or any other fluids, vapors, gases, from edge wheel groove
104. At each location (upper 128a, m d 128b, and |ower 1.28c, see Figure
4) fromone Q. @sPlifkal ity of vacuum ports 128 nay be prQVlﬁ, ,my%;p 10
vacuum applied at vacuumfitting 134, any water (or other é

gas) in edge wheel groove 104 is rennéfd t hrough vacuum ports 128 In

ot her enbodi nents (not illustrated) ditional plunbing is provided
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desired, for exanple, to rinse or clean edge wheel 102, or edge of
substrate dBireGeiativhgwharasic, cien(senBigestiodi ment of the present invention,
the number and k96eYlianals BEhBokbln & o packnnhRLhRh ikeknaeas aeumauat e
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wheel
accor dancetoplst hSlwﬂé%t%érl}’Plfeﬂ%d‘tﬁ SR I%thdﬂﬁt%l’l“’e@%ﬂfmlly rlu\%cm“dﬁl SI%’d éﬁ‘aiﬁh)é‘él
dry mani f O\'A/Hﬂllg&b'sﬁat Rtﬁ@g@dc\is%lo HL}U@L %H'%Q:t Abi@ 4B davd & af ihkYuddceof @ani ng
and dryi ng apparatus, and a plurality of types 30 and conflg |at|ons
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or

head substrate processing system 150 is maintained and enhanced with the implementation of
an embodiment of the present invention to cosure fluids do not collect and are not re-deposited
on substrate 10,
Figure 10 is a flow chart diagram 200 illustrating the method operations for substrate
25  drying in sccordance with an embodiment of the present invention. The method begins with
operation 202 in which a substrate is received for drying. In one example, the substrate is a
semiconductor wafer having a plurality of siructures defined and in the process of being
fabricated therein. The structures can be of any type that are usually fabricated in and on
semiconductor wafers such as integrated circuits, memory cells, and the like. Other examples
30 of substrates include hard digks, Liquid Crystal Displays, and Flat Display Panels. Typically, a
substrate received for drying is received wet, following a wet clean, and the subsirate is
received for processing including drying the substrate, and may also include washing and/or
rinsing in addition to drying the substrate. A substraie is typically received in a horizontal

orientation, but depending on the configuration of the apparatus into which it is received, the



desired operational clearance, etc. (see Figure 7). Figure 9 illustrates an
enbodi nent of the present invention inplenented in a substrate processing
system Figure 9 shows edge wheel dry nmanifold 120 inplenented in a
proximty 5 head substrate processing system 150, in accordance with one
enbodi ment afgbhesprRsent invention. A substrate 10 is posiidhenedsin a
horizontal orientation in a proximty head substrate processing system
150. Substrate 10 is positioned in ed wheel s 102, and each edge wheel is
configured with an edge wheel dry manifold 120. Proxinity heads 152a and
152b are shigwhie LKAHCK RbeRed 06S:caellyY ectibdihacksi e simnfaioesicofrdzabst that e
10. 10 In accordance with an enbodi nent of the present invention, substrate
10 is rot ateadsanidon Pric@sSHIBPE Fi%xi mity head substrate processing system

150. Although p {Qxﬁagﬂﬂw chegdes suBSigeakien RIAGESHIiRY ey SbeEe 15@oammed and
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received for drying. In one exanple, the substrate is i m conduct or
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substr yp| cal y receive a hori zont al
of the subsirate. 1h= v(pulh,d fluics can collect and become trapped in the edge wheel groove,

and can then be re-deposited as micro-dots of fluid around the periphery of the substrate.

Embodiments of the present invention are implemented fo vacuum or evacuate the accumulated

and/or trapped fluids within the edge wheel groove, preventing further accumulation, as well as
25  re-depositing of fluids on the substrate.

The methed concludes with operation 210 which describes the continuing of the
cleaning, rinsing, and drying of the substrate. In one embodiment of the invention, t_he edge
wheel dry manifold continues to vacuinm. or evacuate fluids from the edge wheel groove, and
thereby maintain the edge wheel groove in a dry state, for as long as the substrate is rotated and

30 processed in the apparatus. In other embodinents, the vacuuming of the edge wheel groove is
implemented or cycled according to a defined schedule or regime in accordance with
processing needs and goals. When the substrate has comipleted processing, and edge wheel

drying no longer necessary, the method is done.



orientation, but depending on the configuration of the apparatus into which
it is received, the WI' O 2005/ 064648 PCTY11S2004/ 042871 11 substrate nmay
be oriented horizontally, vertically, or in any orientation according to
the configuration of the corresponding tool. The nethod continues wth
operation 2QfohmsMbih the substrate is positioned and gecunLed\Wsth edge
wheels. In the exenplary inplenentation, a substrate is received in an SRl)
5 apparatus which can be of various types and configurations, including a
proximty cleaning and drying apparatus illustrated in Figure 9. Existing
SRD appar at us andhcﬁdgh)LilamegMng\raurdilelmtsIb¢c,n besicriigeddievehepddaip s i fuimmnesartd
secure a substrate with are. al so

substrate Sfdev ‘EﬁWE@Wn éﬂd@ﬂﬁ? gm@ﬁp ﬁﬁt T%%hf%ﬂgm%?ﬁlWﬂ@ﬁLmﬁHgdHVHﬁg A
substrate p@cudcﬁafﬁlfnpfh@ s{@@@f viechppBetcp @Eirhd. Oﬂﬁixdlﬁglﬁdﬁepm bmboddmentedge
wheel s havi ng edge whe grooves 10 defined by sidewalls o ﬁh
body into %h@c%m“éﬁe%é%ﬂW§%ﬂﬁﬁﬂ@%nméeﬁéﬁpﬁhﬁpépeHﬂ@@“@ﬂs“P%@l%ﬁﬁgng? % s
inserted. Naxis ot'véh RR&NH Ak Oy 2B moliited SURST dtsBopeSaniiqalvaintsAS tRessehdad
above, edge wheels are rotated or spun, and the rotation is inparted on

t he substré@%ﬂ%dge thereby rotating the substrate at a desired velocity.
A desired velocity may be set or established and then 15 naintai ned at the
set velocity by the tool, and nodified as desired according to processing
needs. Rotﬁﬁﬂ@ﬁaMHWEMGC|ty generates the centrifugal force that is
exploited in drying the substrate. The nethod continues with operation 208
in which fluids are vacuuned fromw thin the edge wheel groove. As

descri bed above, centrifugal and other forces drive fluids fromactive 20
and backside surfaces of the substrate, with such fluids being expelled
fromthe peripheral edge of the substrate. The expelled fluids can collect
and becone trapped in the edge wheel groove, and can then be re-deposited
as mcro-dots of fluid around the periphery of the substrate. Enbodi nents
of the present invention are inplenented to vacuum or evacuate the

accunul ated and/or trapped fluids within the edge wheel groove, preventing
further accumul ation, as well as 25 re-depositing of fluids on the
substrate. The nmethod concludes with operation 21.0 which describes the
continuing of the <cleaning, rinsing, and drying of the substrate. In one
enbodi nrent of the invention, the edge wheel dry manifold continues to
vacuum or evacuate fluids fromthe edge wheel groove, and thereby nmaintain
t he edge wheel groove in a dry state, for as long as the substrate is
rotated and.



30 processed in the apparatus. In other enbodi nents, the vacuum ng of the
edge wheel groove is inplenented or cycled according to a defined schedul e
or reginme in accordance with processing needs and goals. \Wen the
substrate has conpl eted processi ng, and edge wheel drying no | onger
necessary, the nethod is done. WO 2005/ 064648 PC77US2001/ 042871 12

Al t hough the foregoing invention has been described in sone detail for
purposes of clarity of understandi ng, ClIAIM$| be apparent that certain
changes and nodifications may be practiced within the scope of the
appended cl ai ns. Accordingly, the present enbodinents are to be considered

as illustratiye and Polesdifskidbh! %€ praR&itde JMYSMLABr MafdOthd Frob&sinm t ed
to the 5 details given herein, but nay be hodified wthin the scope and
equi val ent s cpstemeoappenged clains. |Wwat is clained is: 13 CLAIMS 1. A

Dyt em conpr 1 o1 g Heshy SF FeeF Br Ut SR Rbr cook RS ey ind BB gl
having a groayesigieidiRest theledgt davRl, |the plurking EUgReWleRls béihe pokitibaéd for of

edge wheel s being positioned for receiving and securing the wafer; and a
vacuum mani f 6fIdns peksguadg Bearmies enéach of the edge wheel s, the vacuum

mani fol d i ncl udi n I m: ; i it M Y

proximty end bei%n‘gdcg%ﬁﬁggﬂﬁﬁ%%&{ggo%g%g%g%ﬂ1(? (ge%eﬁgﬁ%%@eeo‘?ﬁ%ﬁsé%er%gg%mt o]
renove fl ui dsndnifoid inbRidirgy ® pxsimity tthé pesigenathehin thbgreive, theer@timxiyrantiy end
is positioned to nmai.ntain an Qperational clearance in a range of 0.002
inch to 0.06 wgrp%émérfom@?%sa %etS@a}éenafe RS Erone By tEYe f%%ldsnff@m the

processi ng systfRNPtLLd@dk Wk Wherei n the vacuum mani fol d conprises a
vacuum port the vacuunf%%rt béi ng configured for renoving fluids fromthe

groove of the edgéenhedie prdxiriheepd soesiiongd sysemiofancipiational cdreareien t he
vacuum mani f ol d_comp

. .a. plurali of vacuumparts,, t lurality of
vacuum ports“b%far?&e&gbi%ﬁzdn%%@c@éﬁ c%ﬁetf"l‘?gn alfr%%‘ ! fer{dk?élggh‘ggr%%el .
2. The processing system of claim I, wherein the vacuum manifold comprises a

vacuum port the vacuum port being configured for removing fluids from the groove

of the edge wheel.

3. The processing system of claim 1, wherein the vacuum manifold comprises a
plurality of vacuum ports, the plurality of vacuum ports being defined adjacent to the

groove of the edge wheel.

4. The processing system of claim 1, further comprising a vacuum supply, the

vacuum supply providing vacuum to remove fluids from the edge wheel.

5. The processing system of claim 1, wherein a peripheral edge of the wafer is

received in the groove of each of the edge wheels.

6. The processing system of claim 5, wherein the edge wheels are rotated and
rotation of the edge wheels is imparted to the peripheral edge of the wafer, thereby

rotating the substrate.

7. A processing system for processing a semiconductor wafer, the processing

system comprising:



4. The processing systemof claim1, further conprising a vacuum supply,
the vacuum supply providing vacuumto renove fluids fromthe edge wheel.

5. The processing systemof claim1l, wherein a peripheral edge of the wafer
is received in the groove of each of the edge wheels. 6. The processing
systemof claimb5, wherein the edge wheel's are rotated and rotation of the
edge wheels is inparted to the peripheral edge of the wafer, thereby
rotating the substa pluelity of Adgr ebedsicagh sfdicanigt wheplsdresgi mgroave defined

sem conduct or, waf.er,..th rocessin sysifem co ising:.14 .a plurality of
edge wheel s, WatAcHily ﬂgt dﬁ‘ggevﬂl%%qq’sthﬁg &ig" eeg“’rp bﬁ‘\l}‘% Fg)é’ft’ioﬁﬁ%l t%fyotgfl%‘éa\}\ﬁ?ll s
of the edge Vdﬂﬁﬁért tHeRBmedagunbeshs: Bﬁtﬂ&@@@st&fﬂi@éﬂigk%r{e%%ﬂdonm Iy

€ g

support the sem conductor wafer by t rooves of the edge wheels; and a
mani fol d di sposed adjaatfelt dispossdcadiasent e cedygef Wk eflgs véwels, aeahi faghidold

having a proxi.mty.en itigned.w thin.the .groove of.the edge wheel.  the
proximty ené{ac';,}}(g1 3r%%ﬁ{g%%t%6 etnﬁeg%%téoﬁlggo\‘mtlﬂ}et rgg{})é/eo?f ttliluee eﬁ%‘gewwge{hse , and
the proxim tpyodndtyb@idneprEomiihgus etk taperifithaigfocd dBE *tEORAkels] AT BRCe in
a range of 0.002.inch to 0.06_inch between the proximty end and the edge
wheel , wher eiROFIRELY R PsHIE Foritapred HopeE#in Andeperstionat pleigreoines singerd edge
wheel using ] t Fm 7, wherein
the mani fold ()?Ondgﬁg%’g{sg (g%pfnl?]rngﬁvg%ﬁ t%&%g@?p %of@éﬁo%?%eg&ﬁlﬁi ds fromthe
groove of the edgevhwnaelthe Broxihigy pdmassien fuily Stamtlof grobed of the edpewiesl t he
groove is capable of receiving an edge of a sem conductor wafer. 10. A

met hod for hOFdERg S BHGE: of a semi conductor wafer, the method

conprising: receiving the edge of the sem conductor wafer by at |east three
edge wheels each having a groove; and vacuuming fluids fromeach of the
grooves of tRe edddeuhesdssingwhiténe affvéaimsErvisweidube oranifaideinciudeha pthirdltyt he

grooves of t wheel.s, wherein.the vacuym ng of. fluids fromeach of
t he grooves itaﬁg?%%gg,m%?‘gwgiuh% U g’&g%OWeoﬁﬂm%F(%enﬁh%ni fold that includes
a proximty end

9. The processing system of claim 7, wherein the groove is capable of receiving

an edge of a semiconductor wafer.

10. A method for holding an edge of a semiconductor wafer, the method
comprising;

receiving the edge of the semiconductor wafer by at least three edge wheels
each having a groove; and

vacuuming fluids from each of the grooves of the edge wheels, while the
semiconductor water is held by the grooves of the edge wheels,

wherein the vacuuming of fluids from each of the grooves includes,

providing an edge wheel drying manifold that includes a proximity end
conforming to the shape of the grooves of the edge wheels;

positioning the proximity end of the edge wheel drying manifold adjacent to
and partially within the grooves of each of the edge wheels, the positioning including
maintaining an operational clearance in a range of 0.002 inch to 0.06 inch between
the proximity end and at least one edge wheel;

providing vacuum to the edge wheel drying manifold, the vacuum removing
fluids from the groove of the wheels; and

rotating the wheels, the rotating of the wheels imparting rotation to the

semiconductor wafer, wherein the vacuum provided to the edge wheel drying



conformng to the shape of the grooves of the edge wheels; positioning the
proximty end of the edge wheel drying manifold adjacent to and partially
wi thin the grooves of each of the edge wheels, the positioning including
mai nt ai ni ng an operational clearance in a _range of 0.002 inch to 0.06 inch
between the proximty end and at | east ore edge wheel ; providing vacuumto
t he edge wheel drying manifold, the vacuumrenoving fluids fromthe groove
of the wheel spamfidd ramates figid fremvthe glosyed dfeaciod fthc rdgoivhtdie wheel s
inmparting rotation to the sem conductor wafer, wherein the vacuum provi ded
to the edge wheel drying 15 manifold renoves fluid fromthe grooves of

each of the edge WhRehSthod bf cHiA I'@E?WE@%irgf}#e?édgé NI %%@rﬁkrﬂf&m%&afﬁ a\gee'

drying mani fold includes a vacuum por efined in thé proximty end.

The met hod ofvagiun pritgielingbinghe proxénisdged.wheel dryi ng mani fol d i ncl udes a
plurality of vacuum ports defined in the proximty end. 13. The nethod of
claim 10, wherein the operating clearance is 0.015 inch. 14. A spin, rinse,

and dry (SRD)12nodulie @éthad S€BIaG8NAUGhereink e zP WPeESEh g maRRA aldisdes hhe
SRD nodul e conprLS|qg: t hree edge wheel s each having a groove, the groove
dé

bei ng def i ned®lWplitysafyagwin goss defined énghe napeiglity ade edge wheel s bei ng
positioned for receiving a sem conductor wafer; a manifold body associ at ed
wi th each of the edge wheels, the manifold body including a proximty end
confi gured td3confldreméthod bfclsirap® vaieréiheheslgeativgadtSandeie0.0ps oxhmity end
bei ng positioned to maintain an operational clearance in a range of 0.002
inch to 0.06 inch between the proximty end and the edge wheels; and a

vacuum port dafinedghin tiRc %ﬁ@?ﬁr@(gk[)?ggctxﬁ.ge tokﬂ%e%.begexﬂlugtop er %géssﬁg the

mani fol d body is positioned adjacent _ edg such t hat
vacuum port iappgpaiithe ABID module emmyiisggf | ui ds from the groove. 15. The SRD

the pr oi m ty end e} igepoR P oHER dEIiBadr SHAFT: I §onrt S HEPodVe.
é?éstTihg. SRD RudwhBs @f Gk add¥e 1dheah Blcebdycd RRcfBMdR Gobitded SorcpRRefvinched of
semiconductor wafer;,

a manifold body associated with each of the edge wheels, the manifold body
including a proximity end configured to conform to the shape of the edge wheels, the
proximity end being positioned to maintain an operational clearance in a range of
0.002 inch to 0.06 inch between the proximity end and the edge wheels; and

a vacuum port defined in the proximity end of the manifold body,

wherein the manifold body is positioned adjacent to the edge wheel, such that

the vacuum port is positioned for removing fluids from the groove.

15.  The SRD module of claim 14, wherein the manifold body includes a

proximity end, the proximity end being positioned at least partially within the groove.

16, The SRD module of claim 14, wherein the manifold body is constructed of

plastic.
17. The SRD module of claim 14, wherein the manifold body includes a vacuum
bore defined within a core of the manifold body, the vacuum bore connecting the

vacuum port to a vacuum supply.

18. A method for drying a semiconductor wafer, the method comprising:



17. The SRD nodul e of claim 14, wherein the manifold body includes a vacuum
bore defined within a core of the manifold body, the vacuum bore connecti ng
the vacuum port to a vacuum supply. 18. A nethod for drying a

sem conductor wafer, the nethod conpri si ng: 16 positioning the

sem conductor wafer in a groove fornmed in"a peripheral edge of an edge
wheel , the groove thereby receiving a peripheral edge of the sem conductor
waf er; providi ng amsstgegithestmmenidfoddvald) acegtoove fomedadgepanipbedal eddee

edge wheel ifold havin roximet nd configured tq renmoye flui.d from
The ot oove usnd™ STas NHieet: fad i aRie eS8 dSBRr e EoRMITFaXE CnfSr m o
the shape of dehgcdtig@¥EwategNd the proximty end being positioned to

mai ntai n an operational clearance in a range of 0.002 inch to 0.06 inch

bet ween the proxi rreVyidaygnagige vtHeelgnaoidd adecent ito thetddge sdwtlc theddee otheslaf er ;

and vacuuni n B r. th r.oove, usi.ng t.he proximty.end,of the edge
ahoel ot £ Pt @ nbURIa 5 AR HhaAteS (RESKE Pl eSS erddle SRS
port is defi nadidm thidproxihdxiend b¥in@@dnfihed Y@ CURF N Go GRATEHHpS i0Tghs PRk Y N
suction to the at | east one  vacuum port. 20. The nethod of c|aim 19,
wherein a pl gl e provmitcend Pyag esitienefetq meintpin ameperpiang wleatangadn 221

The, met hod Ol & int¥6/ 608 il eBARE ORBhirhy APAR e Yodkef 2t 1 ng the

sen conduct or fer at a set vel oci
rotating the semiconductor wafer; and

vacuuming fluid from the groove using the proximity end of the edge wheel

manifold.

19.  The method of claim 18, wherein at least one vacuum port is defined in the
proximity end, the vacuuming comprising supplying suction to the at least one

vacuum potrt.

20.  The method of claim 19, wherein a plurality of vacuum ports is defined in the

proximity end.

21. The method of claim 18, wherein the edge wheel is capable of rotating the

semiconductor wafer at a set velocity.



