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Ravkin 5 Robert J. O Donnell BACKGROUND OF THE INVENTION 1. Field of the
I nvention 10 [00011 The present invention relates to sem conductor wafer
processing and, nore particularly, to apparatuses and techni ques for nore
efficiently applying and renmoving fluids from wafer surfaces mhile
reduci ng contam natio
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fabrication process, it is mell-knomn at there is a need to process a
waf er using operations such as cl eani Hg AHH%dryi ng. I'n each of these types
of operations, there is a need to efiteat (vl ymapply and renove fluids for
the wafer operation process. [0003) For exanple, wafer cleaning nay have
to be conducted where a fabricatlon]wﬁﬁa@dﬁﬂﬁﬁ1on has been perforned that

| eaves gnwanted residues on the supfaces @powalgers. Exanples of such a
fabrication operation include plasma etching (e.g., tungsten etch back
(WEB)) and chem cal nechani cal polishing (CVWP). In CMP, a wafer is placed

id a holder which pushes a rf “ﬁ@;@ﬂ@igfléﬁiling conveyor belt.
Thi s conveyor belt wuses a gﬂgi§§5%ﬂ¥%§g§6- EIR iy m cal s and abrasi ve

materials to cause the polishing. 25 Unfortunately, this process tends to

| eave an aqcynubalttROfensioH 'Y particles and residues at the wafer

surface. If left on the wafer, the unwanted residual material and particles
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havi ng i noperable devices, it is therefore necessary to clean the

adequat el y cgs. eff|C|entIy after fabrication operations that |eave unmanted
residues. 3 poccription of the Related Art

15 [0002] In the semiconductor chip fabrication process, it is well-known that there is a
need to process a wafer using operations such as cleaning and drying. In each of these
types of operations, there is a need to effectively apply and remove fluids for the wafer
operation process.

[6003] For example, wafer cleaning may have to be conducted where a fabrication

20 operation has been performed that leaves unwanted residues on the surfaces of wafers.
Examples of such a fabrication operation include plasma etching (e.g., tungsten etch back
(WEB)) and chemical mechanical polishing (CMP). In CMP, a wafer is placed in a
holder which pushes a wafer surface against a rolling conveyor belt. This conveyor belt
uses a slurry which consists of chemicals and abrasive materials to cause the polishing.

25  Unfortunately, this process tends to leave an accumulation of slurry particles and residues
at the wafer surface. If left on the wafer, the unwanted residual material and particles
may cause, among other things, defects such as scratches on the wafer surface and
inappropriate interactions between metallization features. In some cases, such defects
may cause devices on the wafer to become inoperable. In order to avoid the undue costs

30 of discarding wafers having inoperable devices, it is therefore necessary to clean the

wafer adequately yet efficiently after fabrication operations that leave unwanted residues.



[ 00041 After a wafer has been wet cleaned, the wafer nust be dried
effectively to prevent water or cleaning fluid remmants from | eaving
residues on the wafer. If the cleaning fluid on the wafer surface is
al l owed to evaporate, as usually happens "'when droplets form residues or
contam nants previously dissolved in the cleaning fluid will remain on the
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surface. The nost preval ent drying technique used today is spin rinse
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the outside of the wafer and finally off of the wafer as shown by fluid
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the exanple of Figure 1, the inside area of the circle forned by the
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stated pre¥iSlgliyzalifpreenle fid Ripditp gusaihgasemis eptled Bompthp cerrsoidbowyater
dropl ets of, fhefkdidl dr s .9 ;M\ A, A ' QCEHL;die to
evapor ati on ]of ut%%e g?élg{ gotqge_} %&ts& gﬁ@ ,Btlt i g‘éﬁﬁ%era{‘?@%@@#&fﬁtg&%ﬂ&;g#ﬂﬁ
formati on amdve e Aslisefjuidnt b8ogewdponéitdfamne efdr) amvethgt loqkegps monfaaaiipant s
of f of, .the wafer su]éf ace. Un{ ortunat el the present drying nethods, are

onl y Bar {118 Tl o S eliihe el aedanbiea o dic HEVARGT Mecur (Le., the circle
produced by the moving liquid/gas interface 12 gets larger) as the drying process
progresses. In the example of Figure 1, the inside area of the circle formed by the
moving liquid/gas interface 12 is free from the fluid and the outside area of the circle
formed by the moving liquid/gas interface 12 is the fluid. Therefore, as the drying

25  process continues, the section inside (the dry area) of the moving liquid/gas interface 12
increases while the area (the wet arca) outside of the moving liquid/gas interface 12
decreases. As stated previously, if the moving liquid/gas interface 12 breaks down,
droplets of the fluid form on the wafer and contamination may occur due to evaporation

of the droplets. As such, it is imperative that droplet formation and the subsequent

30 evaporation be limited to keep contaminants off of the wafer surface. Unfortunately, the
present drying methods are only partially successful at the prevention of moving liquid

interface breakdown.



interface breakdown. 3 [00061 In addition, the SRD process has
difficulties with drying wafer surfaces that are hydrophobic. Hydrophobic
waf er surfaces can be difficult to dry because such surfaces repel water
and water based (aqueous) cleaning solutions. Therefore, as the drying
process continues and the cleaning fluid is pulled away fromthe wafer
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waf er drying process 18. In this exanple a ortion 20 of the wafer 10 has
a hydr ophi PRETaMEECand s pomation g2diealetsarasyley dp tasohermfab esgpesationnendpthet i on
20 attract . fl.ui A t .area. portion 22 i

hydr ophobi gmﬁgﬁf ﬁgtﬁ 9gfsgéésgggléﬁ%g()%efhealhmdﬁ{}ﬂoé}s eff gr%esgzﬁga}éég%r%ﬁﬁﬁgy a8 Chi 2Hner
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portions of, the vvaIer 10 often dries nore quick than the hydrophilic
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the prior tetwafbysefw@blespgpiapt whtiz ased diuhedropinage mapdr sarfcappCéai bomioho a
waf er that trtgduc s contam pnating deposits on the wafer surface. Such
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i ncrease tfiRosPPlzufy 1 BBNHIARLULL A0efifThF QAR G Pg process 18. In this example a

portion 20 of the wafer 10 has a hydrophilic area and a portion 22 has a hydrophobic
20 area. The portion 20 attracts water so a fluid 26 pools in that arca. The portion 22 is
hydrophobic so that area repels water and therefore there can be a thinner film of water
on that portion of the wafer 10. Therefore, the hydrophobic portions of the wafer 10
often dries more quickly than the hydrophilic portions. This may lead to inconsistent
wafer drying that can increase contamination levels and therefore decrease wafer
25 production yields.
[0008] Therefore, there is a need for a method and an apparatus that avoids the prior art
by enabling optimized fluid management and application to a wafer that reduces
contaminating deposits on the wafer surface. Such deposits as often occurs today reduce
the yield of acceptable wafers and increase the cost of manufacturing semiconductor

30  wafers.



30 wafers. 4 SUMVARY OF THE | NVENTI ON 100091 Broadly speaking, the present
invention fills these needs by providing a substrate processing apparatus
that is capable of processing wafer surfaces with nultiple nmenisci while
significantly reduci ng wafer contam nation. It should be appreciated that
the 5 present invention can be inplemented in nunerous ways, including as a

process, an apparatus, a SVSSQMMﬁRWF%fTN@ENﬂ’@gd- Several inventive
enbodi ments of the present i ' el ow. 100101 In one
enbodi nent ,|0@09TErbadly fspeakpis) Clas SicBEht anenBsh Ak €hdss ndédsayos@didMy £ Bubstrate

i ncludes generating a first fluird nmeniscus and a second fluid neniscus at
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of substantially maintaining the integrity of the second fluid neniscus
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[0012] In yet another embodiment, an apparatus for processing a substrate is disclosed
which includes a proximity head capable of generating a first fluid meniscus and capable
20 of generating a second fluid meniscus at least partially surrounding the first fluid
meniscus. The proximity head includes at least one first inlet defined in a processing
surface of the proximity head configured to apply a first fluid to the surface of the wafer
and at least one first outlet defined in the processing surface of the proximity head
configured to remove the first fluid and at least a portion of a second fluid from the
25  surface of the wafer. The proximity head also includes at least one second inlet defined
in the processing surface of the proximity head configured to apply the second fluid to
the surface of the wafer and at least one second outlet defined in the processing surface of
the proximity head configured to remove at least a portion of the second fluid from the
surface of the wafer. At least one second inlet and the at least one second outlet at least
30 partially surrounds the at least one first outlet and the at least one first inlet.
[0013] The advantages of the present invention are numerous. Most notably, the

apparatuses and methods described hercin utilize multi-menisci to efficiently process



30 partially surrounds the at |east one first outlet and the at |east one
first inlet. 100131 The advantages of the present invention are numerous.
Most notably, the apparatuses and nethods described herein utilize

mul ti-menisci to efficiently process 5 (e.g., clean, dry, etc.) substrates
by operations which involve optimal nmnanagenent of fluid application and
renoval f ergt hdeailhyrat e sobittes Bduwptragornwanhedvhblvei cq;smadadnaxcacgeﬁlaﬁrﬂ sant s
remai ni ng o {er surface. Consequently, wafer processing and
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whi ch can JEHETRPESEEi rst fluid nmeniscus and a second fluid meniscus that
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surround eact uet ‘blfalmlltlﬁ)@;ﬂﬂﬁﬂi ke W&S}pﬁmtrﬁuﬁﬁﬂs aﬂl‘éasl’ﬂtpagaﬂiiy(%hn’bb@dlﬁg esahér

i nvention \(,Sxfﬁllft becorremf par en from the follow ng detailed description,
taken in cOMfUREHSEN- Wit AP R %B}’iﬁbéﬁ??%@l%ﬂaﬁ s ang ppilets e by vUblizatay

of exanpl e M i n [ OF
TILE DRAW I‘\I‘;gé&l%lll ek %ﬁ g?getstilﬂtg 1}?%13%%?5:1& Q%E, Illdoﬁhld]ré%ﬁ%lug lhzggr?g@ g N

t he fol® owimgndetuaioneds tltheftt:stiﬂnhiﬁomeiuﬁcLGOnjhUmdtiitmnal\l\mﬁilboﬁlh&nm;Q"@lm)‘amyibi&g
drawi ngs. To aC|tJ itate this description, like reference nunerals

desi gnat e PPREEYTRYHH S12YdIceioBRtraric \OmEAr seitgurecach allqtust r at es movenent
of cleanin I [ S

R e

shows a vvaf!@rfobowuemmgds:}psqrqmonntqae:cmrccbapmnm mhaheammqﬁnlgmﬂgtd] mi'mgt he

pr esent mv&éél on. %0020 Li e[ 3 illustrates a proximty head performng
a waf er pr BCSUEIHDYLERY 8F PHHTRIA oy meinles ofdhe B T AN 6WE Bnbodi ment  of t he

pr esent invention. 100211 Figure 4Aillustrates a wafer processing

operation that may be coRBEERDESYRAPTHINLIHT HY. IDRAYVINGSIccor dance with one

enbodi ment % }t}? present invention.
[001 e present invention will be readily understood by the following detailed

description in conjunction with the accompanying drawings. To facilitate this

description, like reference numerals designate like structural elements.

[0017] Figure 1A illustrates movement of cleaning fluids on a wafer during an SRD
20 drying process.

[0018] Figure 1B illustrates an exemplary wafer drying process.

[0019] Figure 2 shows a wafer processing system in accordance with one embodiment of

the present invention.

[0020] Figure 3 illustrates a proximity head performing a wafer processing operation in
25 accordance with one embodiment of the present invention.

[0021] Figure 4A illustrates a wafer processing operation that may be conducted by a

proximity head in accordance with one embodiment of the present invention.

[0022] Figure 4B illustrates a side view of exemplary proximity heads for use in a dual

wafer surface processing system in accordance with one embodiment of the present
30 ivention.

[0023] Figure SA shows a multi-menisci proximity head in accordance with on

embodiment of the present invention.



10022) Figure 4B illustrates a side view of exenplary proximty heads for
use in a dual wafer surface processing systemin accordance with one
embodi nent of the present 30 invention. 00231 Figure 5A shows a

mul ti-nmenisci proximty head in accordance with on enbodi nent of the
present invention. 6 100241 Figure 513 shows a cross section view of the
nul ti - meni 0024rmxin@ 31y shead ai frosAgBbAanee o hb Rne..ashedi prertimief htdhein
present invention. 100251 Figure 6A illustrates a nulti-nmenisci proximty
head in acc@6FUEme Wikl pneosiabodempridiifenprestnt ithnpesent i nvention. 5 100261

Figure 6B i t4-at es 0cessi surface of th oximty head.in
Fedor Gance D02 HBLES6A MBREOGCS ShiN-BU ARl Bl 3 Tobpbahe™ Ribione oc
shows a cl esodith@Wodthetpieschf ®oegsinng surface of the nulti-meniscus

proximty head in accordance with one enbodi nent of the present invention.
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invention. [00301 Figure 7 illustrates a cross-sectional view of the
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whi ch 18 utrenisziprotmipy Bess aacdydicephiobie é?ﬂjddilﬁémidfti@@{i@é@ﬂ@@\%ﬂ%ﬁ.h one
enbodi ment _of the present invention. 10032] Figure 8B illustrates a close
up vi ew of 4] Figurs OfetiusiEatepp oxpssi toptine aiew 20 toperadingy fwaddnmeapigprid i c
waf er surface | ith. ) di rent of the present invention.
[ 00331 Fi935@(y%e@ﬁgagggﬂ§?g§%§%%Bgﬁg§ﬂ%§Lthe_nulti-nenisci proximty head

operating [@304 Fipuele Oahidtiateswadress-sdatibad eriéw oREEomdRNERNICE BrofNBite RBadinnent
of the present invention. 25 [0034] Figure 9 illustrates a mnulti-nenisci
proxi mty AR Ry tvafes c PSS e PR AGRISaf accordance with one embodiment of the

[5  present invention.
[0031] Figure 8A illustrates a cross-sectional view of the multi-menisci proximity head
which is utilized to process a hydrophobic barrier in accordance with one embodiment of
the present invention.
[0032] Figure 8B illustrates a close up view of the multi-menisci proximity head
20 operating on a hydrophilic wafer surface in accordance with one embodiment of the
present invention.
[0033] Figure 8C shows a close-up view of the multi-menisci proximity head operating
on a hydrophilic wafer surface in accordance with one embodiment of the present
invention.
25 [0034] Figure 9 illustrates a multi-menisci proximity head that includes rectangular
shaped menisci in accordance with one embodiment of the present invention.
[0035] Figure 10 shows a multi-menisci proximity head with oblong fluid menisci in

accordance with one embodiment of the present invention.



shaped meni sci in accordance with one enbodi nrent of the present invention.
[ 00351 Figure 10 shows a multi-nmenisci proximty head with oblong fluid
meni sci in accordance with one enbodi neny of the present invention. 7
DETAI LED DESCRI PTI ON 10036] An invention for nethods and apparatuses for
processing a substrate is disclosed. In the follow ng description,
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in a circub@itilized to perform any suitable type of combination of types of wafer operation(s)
20 such as, for example drying, etching, plating, etc. It should be appreciated that the
systems and proximity heads as described herein are exemplary in nature, and that any
other suitable types of configurations that would enable the generation and movement of
two or more menisci that are in contact as described herein may be utilized. In the
embodiments shown, the proximity head(s) may move in a linear fashion from a center
25 portion of the wafer to the edge of the wafer. It should be appreciated that other
embodiments may be utilized where the proximity head(s) move in a linear fashion from
one edge of the wafer to another diametrically opposite edge of the wafer, or other non-
linear movements may be utilized such as, for example, in a radial motion, in a circular
motion, in a spiral motion, in a zig-zag motion, in a random motion, etc. In addition, the
30 motion may also be any suitable specified motion profile as desired by a user. In
addition, in one embodiment, the wafer may be rotated and the proximity head moved in
a linear fashion so the proximity head may process all portions of the wafer. It should

also be understood that other embodiments may be utilized where the wafer is not rotated



notion, in a spiral notion, in a zig-zag notion, in a random notion, etc.
In addition, the 30 notion may al so be any suitable specified notion
profile as desired by a user. In additign, in one enmbodinent, the wafer
may be rotated and the proximty head noved in a linear fashion so the
proximty head may process all portions of the wafer. It should also be
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as 25 deschiohBgity ReddulstdsifatiRirt & sSAGhRLEAGE. L O Figures SA through 10. As
descri bed herein the
[0040] Figure 2 shows a wafer processing system 100 in accordance with one

20 embodiment of the present invention. The system 100 includes rollers 102a and 102b
which may hold and/or rotate a wafer to enable wafer surfaces to be processed. The
system 100 also includes proximity heads 106a and 106b that, in one embodiment, are
attached to an upper arm 104a and to a lower arm 104b respectively. In one embodiment,
the proximity heads 106a and/or 106b may be multi-menisci proximity heads as

25 described in further detail in reference to Figures SA through 10. As described herein the
term “"multi-menisci proximity head" is a proximity head capable of generating one or
more fluid menisci. In a one embodiment, a first fluid meniscus is substantially
surrounded by a second fluid meniscus. In a preferable embodiment, the first fluid
meniscus and the second fluid meniscus are concentric with the second fluid meniscus

30 surrounding the first fluid meniscus. The proximity head may be any suitable apparatus
that may generate a fluid meniscus as described herein and described herein. The upper

arm 104a and the lower arm 104b can be part of an assembly which enables substantially



term"nulti-menisci proximty head" is a proximty head capabl e of
generating one or nore fluid nenisci. In a one enbodinent, a first fluid
meni scus is substantially surrounded by g second fluid neniscus. In a
pref erabl e enbodi nent, the first fluid neniscus and the second fluid
meni scus are concentric with the second fluid nmeniscus 30 surrounding the
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may be moved in close proximity to the wafer to generate and control multiple meniscus
20 that, in one embodiment, are concentric with each other. [t should also be understood
that close proximity may be any suitable distance from the wafer as long as a menisci
may be maintained. In one embodiment, the proximity heads 106a and 106b (as well as
any other proximity head described herein) may each be located between about 0.1 mm
to about 10 mm from the wafer to generate the fluid menisci on the wafer surface. In a
25 preferable embodiment, the proximity heads 106a and 106b (as well as any other
proximity head described herein) may each be located bout 0.5 mm to about 2.0 mm from
the wafer to generate the fluid menisci on the wafer surface, and in more preferable
embodiment, the proximity heads 106a and 106b (as well as any other proximity head
described herein) may be located about 1.5 mm from the wafer to generate the fluid
30 menisci on the wafer surface.

[0042] In one embodiment, the system 100, the arms 104 are configured to enable the

proximity heads 106a and 106b to be moved from processed to unprocessed portions of



to about 10 mMmfromthe wafer to generate the fluid nenisci on the wafer
surface. In a 25 preferable enbodinent, the proximty heads 106a and 106b
(as well as any other proximty head deggribed herein) may each be | ocated
bout 0.5 mmto about 2.0 mmfrom the wafer to generate the fluid nenisci
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described herein. It should also be appreciated that the system 100 may process onc
20 surface of the wafer or both the top surface and the bottom surface of the wafer.
[0043] In addition, besides processing the top and/or bottom surfaces of the wafer, the
system 100 may also be configured to process one side of the wafer with one type of
process (e.g., etching, cleaning, drying, plating, etc.) and process the other side of the
wafer using the same process or a different type of process by inputting and outputting
25 different types of fluids or by using a different configuration menisci. The proximity
heads can also be configured to process the bevel edge of the wafer in addition to
processing the top and/or bottom of the wafer. This can be accomplished by moving the
menisci off (or onto) the edge the wafer which processes the bevel edge. It should also
be understood that the proximity heads 106a and 106b may be the same type of apparatus
30 ordifferent types of proximity heads.
[0044] The wafer 108 may be held and rotated by the rollers 102a and 102b in any

suitable orientation as long as the orientation enables a desired proximity head to be in



system 100 may al so be configured to process one side of the wafer with one
type of process (e.g., etching, cleaning, drying, plating, etc.) and
process the other side of the wafer usigg the sane process or a different
type of process by inputting and outputting 25 different types of fluids or
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operation, it should be understood that proxi mt
[0045] In an exemplary processing operation, it should be understood that the proximity

20 heads 106a and 106b may be configured to dry, clean, etch, and/or plate the wafer 108,
In an exemplary drying embodiment, the at least one of first inlet may be configured to
input deionized water (DIW) (also known as a DIW inlet), the at least one of a second
inlet may be configured to input N, carrier gas containing isopropyl alcohol (IPA) in
vapor form (also known as IPA inlet), and the at least one outlet may be configured to

25 remove fluids from a region between the wafer and a particular proximity head by
applying vacuum (also known as vacuum outlet). It should be appreciated that although
IPA vapor is used in some of the exemplary embodiments, any other type of vapor may
be utilized such as for example, nitrogen, any suitable alcohol vapor, organic compounds,
volatile chemicals, etc. that may be miscible with water.

30 [0046] In an exemplary cleaning embodiment, a cleaning solution may be substituted for
the DIW. An exemplary etching embodiment may be conducted where an etchant may

be substituted for the DIW. In an additional embodiment, plating may be accomplished



20 heads 106a and 106b may be configured to dry, clean, etch, and/or plate
the wafer 108. In an exenplary drying enbodi nent, the at | east one of
first inlet may be configured to input g¢eionized water (DIW (al so known
as a DDWinlet), the at |east one of a second inlet may be configured to
input N2 carrier gas containing isopropyl alcohol (IPA) in vapor form
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head may be in any suitable configuration a
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20 generate, control, and move the menisci located between a proximity head and a wafer to
process wafers. The processing fluid inlets, the No/IPA vapor inlets, and the vacuum
outlets may be arranged in any suitable manner if the above orientation is maintained.
For example, in addition to the No/IPA vapor inlet, the vacuum outlet, and the processing
fluid inlet, in an additional embodiment, there may be additional sets of IPA vapor

25 outlets, processing fluid inlets and/or vacuum outlets depending on the configuration of
the proximity head desired. It should be appreciated that the exact configuration of the
inlet and outlet orientation may be varied depending on the application. For example, the
distance between the IPA input, vacuum, and processing fluid inlet locations may be
varied so the distances are consistent or so the distances are inconsistent. In addition, the

30  distances between the IPA input, vacuum, and processing fluid outlet may differ in
magnitude depending on the size, shape, and configuration of the proximity head 106a

and the desired size of a process menisci (i.e., menisci shape and size). In addition,



pref erabl e enbodi nent, the I PA-vacuum processing fluid orientation in the
form described in reference to Figures 6 and 7A may be utilized to
intelligently and powerfully 20 generatejscontrol, and nove the nenisci
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that may be mscible with water. These fluids may als own as surface

t ensi on wafer 108 and a particular proximity head, and the term "input” can be the introduction of

20 fluid to the region between the wafer 108 and the particular proximity head. In another

embodiment, the proximity heads106a and 106b may be scanned over the wafer 108
while being moved at the end of an arm that is being moved in a slight arc.

[0049] Figure 3 illustrates a proximity head 106 performing a wafer processing operation

in accordance with one embodiment of the present invention. Figures 3 through 4B show

25  a method of generating a basic fluid meniscus while Figures SA through 10 discuss

apparatuses and methods for generating a more complex menisci configuration where a

first fluid meniscus at least partially surrounded by a second fluid meniscus. The

proximity head 106, in one embodiment, moves while in close proximity to a top surface

108a of the wafer 108 to conduct a wafer processing operation. It should be appreciated

30 that the proximity head 106 may also be utilized to process (e.g., clean, dry, plate, etch,

etc.) a bottom surface 108b of the wafer 108. In one embodiment, the wafer 108 is

rotating so the proximity head 106 may be moved in a linear fashion along the head



reducing fluids. The portion of the processing fluid that is in the region
between the proximty head and the wafer is the nenisci. It should be
appreci ated that as used herein, the tegg "output” can refer to the
renoval of fluid froma region between the wafer 108 and a particul ar
proximty head, and the term"input"” can be the introduction of 20 fluid to
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t he present |nvent| on. Although Figure 4A shows a top surface 108a being
processed, thettoghoofhee BeSappredeatibdd hbotdhat shdidd waf gpreaniacd skitngynayiable
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i sopropyl @r&enolThe1PA) m\!@ﬂﬁrnltleWLﬁlta@leti%Pm%%ﬁ %Qefoil-g§§rnﬁfc 123 M@Ine{}vhéigs
and the inlet 306 may be utilizéd to apply a processing fiuid toward the
top surfac®A@Berpef form is inputted through use of a N, gas. Moreover, any suitable fluid used
20 for processing the wafer (e.g., cleaning fluid, drying fluid, etching fluid, plating fluid,
etc.) may be utilized that may enable or enhance the wafer processing. In one
embodiment, an IPA inflow 310 is provided through the inlet 302, a vacuum 312 may be
applied through the outlet 304 and processing fluid inflow 314 may be provided through
the inlet 306, Consequently, if a fluid film resides on the wafer 108, a first fluid pressure
25 may be applied to the wafer surface by the IPA inflow 310, a second fluid pressure may
be applied to the wafer surface by the processing fluid inflow 314, and a third fluid
pressure may be applied by the vacuum 312 to remove the processing fluid, IPA and the
tfluid film on the wafer surface.
[0051] Therefore, in one embodiment of a wafer processing, as the processing fluid
30 inflow 314 and the IPA inflow 310 is applied toward a wafer surface, fluid (if any) on the
wafer surface is intermixed with the processing inflow 314. At this time, the processing

fluid inflow 314 that is applied toward the wafer surface encounters the IPA inflow 310.



the wafer 108. In addition, the outlet 304 may be utilized to apply vacuum
to aregion in 15 close proximty to the wafer surface to renove fluid or
vapor that may located on or near the tgp surface | 08a. As described
above, it should be appreciated that any suitable conbination of inlets
and outlets may be utilized as Iong as the neniscus 116 nay be forned. The

| PA may be Tie oy fHistabin€rf40E M8 UaRo aGowhOfs AXEMbRcedsfify NaROmtMIeE ¢18) PA
in vapor formis inputted through use of a N2 gas. Mreover, any suitable
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where 10 the, ROhdessa@fhe BRnFBIM B)s 116 are the | PA/ processing fluid
interfaces 118. Therefore, the nmeniscus 116 is a constant flow of fluid

bei ng appl (06882} dharfibvt teee slitiabld @andeibgisngntaining the TPA may assist in causing a
20 shift or a push of processing fluid flow out of the region between the proximity head and
the wafer surface and into the outlets 304 (vacuum outlets) through which the fluids may

be outputted from the proximity head. It is noted that the push of processing fluid flow is

not a process requirement but can be used to optimize meniscus boundary control.
Therefore, as the IPA and the processing fluid is pulled into the outlets 304, the boundary

25  making up the IPA/processing fluid interface 118 is not a continuous boundary because
gas (e.g., air) is being pulled into the outlets 304 along with the fluids. In one
embodiment, as the vacuum from the outlets 304 pulls the processing fluid, IPA, and the

fluid on the wafer surface, the flow into the outlets 304 is discontinuous. This flow
discontinuity ts analogous to fluid and gas being pulled up through a straw when a

30 vacuum is exerted on combination of fluid and gas. Consequently, as the proximity head
106a moves, the meniscus moves along with the proximity head, and the region

previously occupied by the meniscus has been dried due to the movement of the



renmoved at substantially the sanme tine wwth any fluid on the wafer surface.
The nearly immediate renoval of the processing fluid fromthe wafer
surface prevents the formation of fluidsgroplets on the region of the

waf er surface being dried thereby reducing the 15 possibility of

contam nation on the wafer 108 after the processing fluid has acconplished
its purposardependising Midtilerapen a8 ansked alsoCbL BhdtPstobd BBRINYG anyHEVitabl
plating, etc.). The pressure (which is caused by the flow rate of the |PA)
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suitable flow rate nmay be utilized for the NAPA, rocessing fluid, and
vacuum as F‘Bﬁlﬁd‘%“f’ ﬁléglr%iﬂ%’d?tclliée'é‘é?ﬁ“ BROW Zﬁldagor%e‘?MF n one embodi ment,

the flowr 5Pfn bhEeRbOSEES g thar et of,,the. i tS, i4S
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pr ef er abl eis between about 10 standard cubic feet per hour (SCFH) to about 1250 SCFH. In a

20 preferable embodiment, the flow rate for a vacuum though the set of the outlets 304 is
about 350 SCFH. In an exemplary embodiment, a flow meter may be utilized to measure
the flow rate of the No/IPA, processing fluid, and the vacuum.

[0056] 1t should be appreciated that any suitable type of wafer processing operation may
be conducted using the meniscus depending on the processing fluid utilized.  For

25  example, a cleaning fluid such as, for example, SC-1, SC-2, ete., may be used for the
processing fluid to generate wafer cleaning operation. In a similar fashion, different
fluids may be utilized and similar inlet and outlet configurations may be utilized so the
wafer processing meniscus may also etch and/or plate the wafer. In one embodiment,
ctching fluids such as, for example, HEF, EKC proprietary sotution, KOH etc., may be

30 utlized to etch the wafer. In another embodiment, plating {luids such as, for example, Cu
Sulfate, Au Chloride, Ag Sulfate, efc. in conjunction with electrical input may be

conducted.



10 enbodi nent, the flow rate of the processing fluid through the set of the
inlets 306 is about 800 mM per mnute. It should be understood that the
flowrate of fluids may vary depending g the size of the proximty head.
In one enbodi nent a |arger head nmay have a greater rate of fluid flow than
smal ler proximty heads. This may occur because larger proximty heads, in
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and the second fluid meniscus may be any suitable shape or size depending on the

20 substrate processing operation desired. In certain embodiments described herein, the first
fluid meniscus and the second fluid meniscus are concentric where the second fluid
meniscus surrounds the first fluid meniscus and the first fluid meniscus and the second
fluid meniscus provide a continuous fluid connection. Therefore, after the first fluid
meniscus processes the substrate, the portion of the wafer processed by the first fluid

25  meniscus is immediately processed by the second fluid meniscus without a substantial
amount of the contact with the atmosphere. It should be appreciated that depending on
the operation desired, in one embodiment, the first fluid meniscus may contact the second
meniscus and in another embodiment, the first fluid meniscus does not directly contact
the second meniscus.

30 [0059] Figure SA shows a multi-menisci proximity head 106-1 in accordance with on
embodiment of the present invention. The multi-menisci proximity head 106-1 includes

a plurality of source inlets 306a that can apply a first fluid to the wafer surface. The first



for 1PAinflow 310 and processing fluid inflow 314 respectively while the
outlet 304 may be utilized to apply vacuum 312. In addition, in yet nore
enbodi ments, the proximty 10 heads 106 gnpd 106b may be of any suitable
configuration consistent with those described herein. Any suitable surface
comng into contact with the neniscus 116 such as, for exanple, wafer
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[0061] Optionally, the multi-menisci proximity head 106-1 may include a plurality of

20 source inlets 302 which can apply a third fluid to the wafer surface. In one embodiment,
the third fluid may be a surface tension reducing fluid that can reduce the surface tension
of a liquid/atmosphere border of the second meniscus formed by that application of the
second fluid to the wafer surface.

[0062] In addition, the processing surface (e.g., the surface area of the multi-menisci

25  proximity head where the conduits exist} of the multi-menisci proximity head 106-1 (or
any other proximity head discussed herein) may be of any suitable topography such as,
for example, flat, raised, lowered. In one embodiment, the processing surface of the
multi-menisci 106-1 may have a substantially flat surface.

[0063] Figure SB shows a cross section view of the multi-menisci proximity head 106-1

30 in accordance with one embodiment of the present invention. The multi-menisci
proximity head 106-1 can apply the first fluid through the plurality of source inlets 306a

and remove the first fluid through the plurality of source outlets 304a. The first fluid



inlets 306b that can apply a second fluid to the wafer surface. The, second
fluid can then be renoved fromthe wafer surface by application of vacuum
through a plurality of source outlets 3¢ ﬁ I n one enbodi nent, a portion
of the second fluid is also renoved by the plurality of source outlets
304a in conjunction with the renoval of the first fluid. In 10 one
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20 removed from a surface of the wafer. The processing surface 458 may, in one
embodiment, be elevated above a surface 453 as shown by an elevated region 452, It
should be appreciated that the processing surface 458 does not have to be elevated and
that the surface 458 may be substantially planar with the surface 453 of the proximity
head 106-2 that faces the surface of the wafer being processed.

25 [0066] Figure 6B illustrates the processing surface 458 of the proximity head 106-2 in
accordance with one embodiment of the present invention. In one embodiment, the
processing surface 458 is a region of the proximity head 106-2 which generates the fluid
menisci. The processing surface 458 may include any suitable number and type of
conduits so the first fluid meniscus and the second fluid meniscus may be generated. In

30 one embodiment, the processing surface 458 includes fluid inlets 306a, fluid outlets 304a,

fluid inlets 306b, fluid outlets 304b, and fluid inlets 302.



plurality of source outlets 304a on one side of the second fluid neniscus
and 304b on the 5 other side. In one enbodinent, the plurality of source
inlets 302 may apply the third fluid tosgecrease the surface tension of
the fluid making up the second fluid nmeniscus 116b. The plurality of
source inlets 302 may be optionally angled to better confine the second
fluid meni 46067] Ikebfluil 00RE] 3(Baghiie ay ial fikds HuRE ©Stha stitfhdd oMBBIvedFer, RA@XHdT LY
head 106-2 jn accordance with 10 one enbodi ment of the present invention.
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multi-menisci proximity head 106-2 in accordance with one embodiment of the present
20 invention. Channels corresponding to the fluid inlets 306a, 304a, and 302 supply fluid
from the facilities plate 454 into the body 456 of the multi-menisci proximity head 106-2,
and channels corresponding to the fluid outlets 306b and 304b remove fluid from the
body 456 to the facilities 454. In one embodiment channels 506a, 504a, 506b, 504b, and
502 correspond to the fluid inlets 306a, fluid outlets 306b, fluid inlets 304a, fluid outlets

25 304b, and fluid inlets 302.
[0070] Figure 6L illustrates a cross section view of the proximity head 106-2 in
accordance with one embodiment of the present invention. As described in reference to
Figure 6D, channels 506a, 506b, and 502 may supply a first fluid, a second fluid, and a
third fluid to fluid inlets 306a, 306b, and 302 respectively. In addition, a channel 504a
30 may remove a combination of the first fluid and the second fluid from the fluid outlets

304a, and channel 504b may remove combination of the second fluid and the third fluid

from the outlets 304b. In one embodiment, the first fluid is a first processing fluid that



fluid outlets 304a may renove the first fluid and a portion of a second
fluid fromthe surface of the wafer by the application of vacuum and the
fluid outlets 304b may renove 5 a portionjof the second fluid fromthe
surface of the wafer by the application of vacuum and the fluid inlets
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wafer surface through the fluid inlets 306b.

20 [0072] As discussed above, the second processing fluid may be any suitable fluid that
can accomplish the desired operation on the wafer surface. After the DIW has processed
the wafer surface, the DIW is removed from the wafer surface through both the source
outlets 304a and 304b. The DIW between the multi-menisci proximity head 106-2 and
the wafer surface may form a second fluid meniscus 116b,

25 [0073]) In one embodiment, a surface tension reducing fluid such as, for example,
isopropyl aleohol vapor in nitrogen gas may optionally be applied from the source inlet
302 to the wafer surface to keep the liquid/gas border of the second fluid meniscus 116b
stable. In one embodiment, the second fluid meniscus 116b can substantially surround
the first fluid meniscus 116a. In this way, after the first fluid meniscus 116a has

30 processed the wafer surface, the second fluid meniscus 116b can nearly immediately

begin operating on a portion of the wafer surface already processed by the first fluid

meniscus 116a. Therefore, in one embodiment, the second fluid meniscus [16b forms a



can conduct any suitable operation on a wafer surface such as, for exanple,
etching, |I|ithography, cleaning, rinsing, and drying. The second fluid is a
second processing fluid that nmay or maysmot he the same as the first
fluid. As with the first fluid, the second fluid nay be any suitable type
of processing fluid such as, for exanple, a fluid that can 5 facilitate
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20 [0075] The flow rates of the fluids as shown in Figure 7 may be any suitable flow rate
that can generate the first fluid meniscus and the second fluid meniscus that substantially
surrounds the first meniscus. Depending on the distinction desired between the first fluid
meniscus and the second fluid meniscus, the flow rates may differ. In one embodiment,
source inlets 306a may apply the first fluid at a flow rate of about 600 cc/min, source

25 inlets 306b may apply the second fluid at a flow rate of about 900 cc/min, a source outlets
304a may remove the first fluid and the second fluid at a flow rate of about 1200 cc/min,
and the source outlets 304b may remove the second fluid and atmosphere (which may
include some IPA vapor in Ny if such a surface tension reducing fluid is being applied to
the wafer surface) at a flow rate of about 300 cc/min. In one embodiment, the flow rate

30 of fluids through the source outlets 304 may equal 2 times the flow rate of fluid through
the source inlets 306a. The flow rate of fluid through the source inlets 306b may be

equal to the flow rate through the source inlets 306a plus 300. It should be appreciated



meni scus 116a. Therefore, in one enbodi ment, the second fluid neniscus 116b
forms a 22 concentric ring around the first fluid neniscus 116a. It should
be appreciated that the first fluid nenpscus 116a may be any suitable

geonetric shape such as, a circle, ellipse, square, rectangle, triangular,
gquadrilateral, etc. The second fluid neniscus 116b can be configured to at
| east partRahhywsﬂdhahhﬂﬂmhmtememxshhpﬂowhasﬁbhabmﬁhuhﬂWhembﬁcusm&&GQGHay 5
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cc/mn, source nl ets 306h may apply the second fluid at a flow rate of
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second fl uj ourceag tlets
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to the wafer surface) at a flow rate of about 300 cc/mn. In one
enbodi mentproggssing|fhud tathe smfacc through the fluid inlets 306b and remove the second wafer
20 processing fluid from the surface by, in one embodiment, a vacuum applied through the
fluid outlets 304a and 304b. In this way, the second fluid meniscus 116b may be
generated. It should be appreciated that the second fluid may be any suitable fluid that
can process the wafer surface in the wafer processing operation desired. Therefore, in
one embodiment, the second fluid may be any one of a lithography enhancing fluid, an
25  etching fluid, a cleaning fluid, a rinsing fluid, and a drying fluid. In addition, in an
optional embodiment, the fluid inlets 302 can apply a third fluid to the wafer surface. It
should be appreciated that the third fluid may be any suitable fluid that can reduce the
surface tension of the second fluid. In one embodiment, the third fluid is isopropyl
alcohol vapor in nitrogen gas (IPA/N;).
30 [0078] In one embodiment of the multi-menisci proximity head 106-3, a phobic barrier
602 1s located between the fluid inlets 304a and the fluid inlet 306b. The wafer

processing fluid forms a first fluid meniscus 116a between the multi-menisci proximity



30 of fluids through the source outlets 304 may equal 2 tines the flowrate
of fluid through the source inlets 306a. The flow rate of fluid through
the source inlets 306b may be equal to the flow rate through the source
inlets 306a plus 300. It should be appreciated 23 by those skilled in the
art that specific flowrate relationships of the source inlets 306a, 306b
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hydr ophobi c barrier 602 in accordance with one enbodi ment of the present
i nventi on. Mytiohenietpoenimethead ho- ﬁwlnﬁnhmafessmfmcwmm ayccdndafdudﬁﬁm&cus

opt 1 onail y |TPPui TR e 0! AT iR BT BPEHED b PG B Be Y
fluid inl etssrfdf60 kP lﬁ@@ﬂqﬁ;cﬁgdgfﬁoﬁ&it @19@@&%&1@%1118 Wh&hidcQs LiEH WBLRY &u?lféace
It should be appreciated that the first fluid may 10 be any suitable

that can pﬁé&)@ésmvﬁeﬂmfswonéuﬁn‘udc@emﬁcumélGllm‘selnstzpnmdﬂesmrmgmd:peh@tﬁieinHuld

desired. T 0 e enbo may be any  one of

i t hogr aph{';llg e £a(r?lziz‘i6 nglq= pﬁ? Jar4 eg?%%phq&;?]fj F’&msﬁuscﬂeégn’?%d“??%?’ thy “fa}fﬁ'a ng
fluid, and sﬁrfﬁﬁeyltlﬁtgsédouddlmdi Mend@di Uil 9R cah ﬁ‘neé’tﬂ‘y %Hc@[h@él EHE?Qldb PEMing bh&
fluid inlets 302 can agglyathlrdflwdto he wafer Surtace. Afterthe

pr ocess$? ng PRItigNP Il wase sartfeas adigadsheropeshed by ﬂlﬂffasﬁaﬂu1ﬂh‘een1@uw dbeessing fluid

is removedyad by.vacuum.t hr qugh fl UI lets

After the 1a Oq‘ﬁll qg(ré()c(?:ﬁe%g)rs&?ﬁﬂaﬁc TehP et Y ﬁ%%"’%?‘o&!‘éi%@a t]fEhB éfm St g(g?cgdmthhe
waf er  pr ocaissdpaguethertirst flyid insenisRPYBSh fHdamR iRenddhe meskéaca shhieyadh dnhe
fluid outlets 304a. [00771 The multi-nmenisci proximty head 106-3 may al so

apply a see@hadwﬁlérthepfﬁ@té@yi ﬁ@nfsr:uﬁ d 162 mayengudifently tdntaighe tsheorid flid
inlets 30691 ﬁ@gusr FRYE A h&lsgl%sgc(:)dﬂ'm ur 1161 Iczlor lf%ggjﬁf:’%ggf{# r)ﬁlgw,f eg] EJCCFHH et s

surface by, 1n one enbo a vacuum app

304a ahd 3@4 the mritfﬂlﬁd\ﬁ&mschbel&&ﬁ@ﬂi&sfﬂlwe%(ﬂﬂﬁé SLES sihﬂf@& ey bB€emain on
generated. It should be appreciated that the second fluid may be any

sui tabl e f [hivtefehatiace o1 rpmeredy th%éﬁc\%‘ﬂ pidsmetigews hiﬁbt he waf er pr ocessi ng

oper ation r

any one of Ft%%P[tﬁ 0gF ggh{mlgH %fn%:l lr(l)ggiul i g#“?%“'&f é}?“hgﬁ‘ Pfoéf’altyile%q g@%l
fluid, a romsitigs bhua ﬁydt@[)bhha \dﬂﬁél Rgr fﬁdculndaccloftia%dé“du'tlp@m'di‘ntﬂﬂhmémt d)fo{h@
embodi ment, the fluid inlets 302 can apply a third fluid to the wafer
surface. |PTCSE¥diyeatine Appreemhedmenhaic mbki-menisai proginityrhgad 0GAyndudlasabl e

fluid that th@%strfﬁﬂﬁ'?r?engs}&ﬁs [ 16a that can process the wafer surface in whatever type of wafer

processing operation desired as discussed above. The depleted chemistry from the first

fluid meniscus 116a remaining on the wafer surface can then be processed by the second

fluid meniscus 116b (which in one embodiment as shown is a rinsing fluid meniscus to

remove the depleted chemistry). The embodiment shown is related to processing of

25 hydrophilic wafers that can hold onto the depleted chemistry when the first fluid
meniscus 116a moves off of the processing area of the wafer surface.

[0081] Figure 8C shows a close-up view of the multi-menisci proximity head 106-3

operating on a hydrophilic wafer surface in accordance with one embodiment of the

present mvention. In this embodiment, the wafer processing chemistry (which in one

30 embodiment is an aqueous fluid) of the first fluid meniscus 116a does not stay on the

wafer surface after processing because the wafer surface is hydrophobic. Therefore, the

phobic barrier 602 can keep the first fluid meniscus 116a and the second fluid meniscus



surface tension of the second fluid. In one enbodinent, the third fluid is
i sopropyl al cohol vapor in nitrogen gas (I PA/N2). 30 [0078] In one

enbodi nent of the nulti-nmenisci proximtypshead 106-3, a phobic barrier 602
is located between the fluid inlets 304a and the fluid inlet 306b. The
wafer processing fluid forms a first fluid neniscus 116a between the

nul ti - meni sticbppXiyriepgrated sotberd i3 06-iRternixinnef Srebfaid mdribe fiddi forid nevissas er

(DIW is applied; to the wafer surfac t hr ou t fl,uid inlets 306h. ter
the. b1 w hash e S0k B M SRSl RS o MR Byt PteiiciabBai R it st or
surface thrigygéh &hembetines: @iy k@horQ4R: i Ehaull Wheteenitidgnedbt 188N SCi

proxi mty head 106-2 and the wafer surface forns a second fluid neniscus 5

116b. | soprl8p§3] laIsbergl bey apveciptad ihatr dgenghasiiyayooptiisnalitsyddacapplsd edd t o

t he waf er . e ep..the 1yquidfgas border of the secgnd flyj

roni seus. 1 R Rr RO dIEE RG] St SRR POLRS EeBha shionanre dadt pe
subst ant i alshitatdumumboast ddneeiftiit senfdctibgh b BHesAME h18RRK al dAsd BAh IMaNe indkt er
the first fluid meniscus 116a has processed the wafer surface, the second

fluid neni SBEESL1BY keagrngedad By ¢ pefeafisateistonsegpiunceoiplat 40bmgndteasouk® qidict i on

f th f face. al the first fluid meni 116
200791 The Sipai Rt Pl RANRRTRERETs P AT cildfeushinb S FRoh B SppaRy
602 which thameneRbrate Hahe af dot i | 1bdsd oFe o ESinlel BRGBNhd Bests eaeRdinhkui d

meni scus 116b. I n such an enbodinent, the first fluid nmeniscus 116a may
not di dBct MEIéshingytbergracsiadonga setafdoureerinlstsul6a oY thasoulis cube d04mthat

further refer g&ﬁgghgrﬁg(?%raepﬁgcﬁgle@g%%gﬁ%Ifﬁltigd fluid 15 fromthe first

fluid neniscus 1loa t has" proc e wdf er surface nay be renmain on

the waf er se083adegirer 9r ¢iimvalesby theisesend plothdieniscudels 16k HOREAL
Figure 813 il l us} rates a close up view of the.nulti-nenisci proximty head
106-3 opefHtdgy B hapedypedimiin pecondimes wWalirgnscanhadimentarfdhn peesoittinvantion.
enmbodi nent . Nfy, i nt.i. - nbodi ment ., t.he nul ti-meni sci
rox iy, fod® BboBhfaf e MYERHERRi b3 PNy SR RAAF obrleteSa Mbirk: TRE®
proces$s t hexenates 1364 faceuhdedbatevehidypd 168 wEtern RADCLSSirHgdePesation

desired as discu sﬁg above. The depleted chemstry fromthe first fluid
meni scus | OYSElS TTEABIHISYS SHOR-hE sharrbesinpreséacd hin thase sk bled ir decc Bt By t he

FECOnS o APV RSLEL VAP MUE 000 SISO, BRI SR
rel at ed tocpriomessinags désc2bedficheophinldne engfodirgertth@t seaie ke 3008 R0EbEand
depl et ed CQ(%E 1%2’1{/ e\é\ﬁgl?ft;lglfrct] tofziprl.)isyta ];il‘sltj'iﬂ(glid, a second fluid and a third fluid to the wafer.

20 In addition, the source outlets 304a, 304c, and 304b may be configured to remove (by
vacuum) the first fluid and the second fluid, the second fluid and the third fluid, and the
third fluid and atmosphere respectively. In addition, source inlets 302 may optionally be
utilized to apply a surface tension reducing fluid to an outside portion of the third fluid
Ieniscus.

25 [0084] It should be appreciated by those skilled in the art that each of the fluid menisci
116a', 116b', and 116¢ as described in reference to Figure 9 may conduct any suitable
operation on the wafer surface such as, for example, etching, cleaning, lithography,
rinsing, drying ete,

{0085] Figure 10 shows a multi-menisci proximity head 106-5 with oblong fluid menisci

30 in accordance with one embodiment of the present invention. In one embodiment, the

fluid meniscus 116a is surrounded on both sides (length wise in one embodiment) by

fluid menisci 116¢-1, 116¢-2 which are in turn surrounded by fluid menisci 116b-Iand



meni scus 1 16a noves off of the processing area of the wafer surface.

[ 00811 Figure 8C shows a close-up view of the multi-nmenisci proximty head
106-3 operating on a hydrophilic wafer ggrface in accordance with one
enbodi ment of the present invention. In this enbodinment, the wafer
processing chemstry (which in one 30 enbodinent is an aqueous fluid) of
the first fllGb@. nignheddde bppacuoesthaotacktedyhofutdhaenivafsaowaun fagac abteay
processi ng fer surface is hydro hoblc Therefore, the . phobic

use t he
barrier 605° 8‘§ B pSHRE™S PPERUST oidthienpt EUSTECY B A h Bk bnetch g d
meni scus 2%lecak@biitRbaihy. S t uid
of the flrsfmffﬁlé n%npg¥usﬁﬂﬁig%§ﬁ%?%:tﬂgﬁ uiéﬂﬁ?é?@ﬁéﬂ%%%ﬁ%ﬁ?ﬁ%%%ﬁmu
meni scus 13Bbvn mayabidigtiontet He asguudebloutttids ca8fsisteitnwibidhe amrtisriodeiynant
s the fi id.fromthe first fluid meniscus 1 16a. [0082]

only regnv% 4st f
It should BRPUPPFE éwgﬁﬂ#WHP“although only two nenisci (inside neniscus
and 5 out SieiB6s WhAUNAINANIBRRCHS) BES SROWbN it h?cu%eHP' é’év\éia?"'ﬁfé‘#ét{@ﬁts

that any suitable nunber of concentric menisci can be generated. |In such a
case each embpdigndntmet wiklehe sanptq¢a3teréhzgethlescatskdﬂcbymatimmtorﬁpcmt rdaglasy tlane

source inl he sour tlet, 304a while t | ast . surroundln
Meni scus (ﬁ 1ncC§$%§t gpgu’tﬁté;fltd%lsrr@ ss(t}lj};/n{gﬂlge VSN 1 lﬂ”ﬁoﬁﬁ'r?gv € HELONE it Ecb‘?t)onﬁ’ay
have a set a@ditiais, lpeasita@he ﬁﬂ%q%%a‘[dh'tse{he%@b ItaQQIlngfgopc uﬁE‘:ch'dWH@trthé%:éE@ﬁ'ﬂ SCi
may be generated by a set of source inlets 306a and the source outlets 304a
t hat n HPSRYompe vdsarlesushpaictdtionb ardditiose psinmgatidnsi dod cQOBBEnf gpufadl 9
rOX|n1t head 106-4 that includes rectangular

| | ustrat
| lustra eatﬁ”mﬂe%uenﬁﬂgéﬁéé(“Ffﬂub é VEMPddi nent of the present invention.

shaped neni'sci in acc
In this enfosdrremia itdgimadl$i - meni sci proxinmty head 106-4 includes a
square shaped 15 meni scus 116a’ surrounded by a meniscus 116e which in turn
is surrounded by the outside fluid neniscus 116b'. It should be
appreciated by those skilled in the art that the nenisci 116a', 116e, and
116b" may be generated by changing the inlet/outlet configurations as
descri bed herein. In one enbodi nent, the source inlets 306a, 306e, and

306b may be configured to apply a first fluid, a second fluid and a third
fluid to the wafer. 20 In addition, the source outlets 304a, 304c, and 304b
may be configured to renove (by vacuum) the first fluid and the second
fluid, the second fluid and the third fluid, and the third fluid and

at nosphere respectively. In addition, source inlets 302 may optionally be
utilized to apply a surface tension reducing fluid to an outside portion of
the third fluid



meni scus. 25 100841 It should be appreciated by those skilled in the art
that each of the fluid nmenisci 116a', 116b', and 116c¢c as described in
reference to Figure 9 may conduct any 4litable operation on the wafer

surface such as, for exanple, etching, cleaning, |ithography, rinsing,
drying etc. 1 Figure 10 shows a nulti-nenisci proximty head 106-5
wi th obl on meni sci 30 in accordance wth one enbodi nent of the

present invention. In one enbodinment, the fluid neniscus 116a is
surrounded on both sides (length wise in one enbodi ment) by fluid nenisci
116¢c-1, 116c-2 whi ch Armeihadt {or npogessmgndeshibisirate] uding reempredinity186:d, and 26
1 16b-2. It _shoul d be appreciated that each of the fluid nenisci shown in
Figure 10 ﬁﬁgmmégﬁduct any suitable operation on the wafer surface such as,

for exanpl e, etchlbdgatingtd 8BA0N0E mbhitARGHAPRYfac bNSleRObstEkYhoFiretfluid | t
shoul d al so be apgreciated t hat the nmenisci shown may be generated in any
sui t abl e neRHBEFUE ORIBE seasiatedibypPhenge (ks duidiya apice BT Higpabairafs asd

ety e QOO WL B MU e et R o

skil I ed i nappkeddmhd upon readi ng the preceding specifications and studying
the drawings will realize various_ alterati ons, add]!'ll':%i gns perrrutﬁlti ons and

equi val ent's t her 88¥eratng ¢ sccopd iBré meenisope usentatayith rad gf dshpariglly nyent i on
i ncl udes a!sh1r§ﬁifa?n£!hte€ffr§{[ﬂﬁ@ﬁwn%@ﬁg &4 &@%Frfgﬁcr SRh ki RGe, ARYeQAI MRl €Nt S as

fall wthin the tTue spirit and scope o e invention. [00871 What is
cl ai med i smavscuChdhyBeberatdd iptapplyifipa sprood ébsd figa posiobsif itlag it 0f a

proximty head conpri sing:. generati first fluyjd ni scus_on surface
of the subdts sibstrihal ek pRielly dur R Te B BiTag GdherdRBa oY BHTi ng a

first fluieyiftome fstrfiag hcfscihmduPadmatify titecd AETNIM L heibhbst fluid
fromthe surface of the substrate LUSt as the first fluid is applied; and

gener at i ng e sekend! the gikbtrenivsioagdhe secenth flnistis wprliedand at | east partially
wherein during a substrate processing operation the first fluid meniscus

and the second fluid meniscus being defined between a processing surface of the

proximity head and the surface of the substrate.

2. A method for processing a substrate as recited in claim 1, further
comprising:
processing the surface of the substrate with the first fluid meniscus, and

processing the surface of substrate with the second fluid meniscus.

3. A method for processing a substrate as recited in claim 2, wherein
processing the surface of the substrate with the first fluid meniscus includes one of
an etching operation, a cleaning operation, a rinsing operation, a plating operation,

or a lithography operation.

4, A method for processing a substrate as recited in claim 2, wherein
processing the surface of the substrate with the second fluid meniscus includes one
of an etching operation, a cleaning operation, a rinsing operation, a plating

operation, a drying operation, or a lithography operation.



surrounding the first fluid nmeniscus on the surface of the substrate, the
second fluid neniscus being generated_by applying a second fluid to a
portion of the surface of the substraf® at | east partially surrounding the
surface of the substrate in contact wth the first fluid neniscus and by
removing the second fluid fromthe portion of the surface of the substrate
just as the second fluid is applied; wherein during a substrate processing

operation the fimst fAmdﬂhdmﬁ@twa;@smwsab@@a@%@mqea Lbélgini Nl B&ES bei ng
defined between a Eloce55|ng surface of the proximty head and the surface

of the subﬁcﬂﬁfta@“g ¢ fistiltif sepnissps cbiles appiyna thadfirst faiddo d uelere e i n
claiml1, L{]:l% Ig‘.g)rstrat%%%[léﬂia leré)ﬁ‘&é%% @genti@\ﬁ PHle ffﬁ(s:t%lmd ] hegle% at e wth

the first f nmeni scus, pr oCcessi ng e sir'tace o Strate with the
second fIuuﬂ&M@ﬂhﬂﬂﬂ&ﬂnﬂu@#ﬁﬁﬁiﬁoﬁh&nktproceSS|ng a substrate as recited in
claim2, wherein processing the surface of the substrate with the first

fluid nmeniscus includes one of an etching operation, a cleaning operation,

a rinsing operation, @.RhaidHe 1%@§srsﬁ{g'@ﬁbstrﬁéa@réo*t&&'ﬁ%%ﬂh\,\% gReLation. 4. A

met hod for processing a substrate as recit
pr ocessi ng geheragug fhaseccnf! fhd meulssty atbded aﬁplymgtmeaeomﬂ iﬁthdlt@lthteenl scus

i ncl udes one ng operation, a.¢leanin eration, nS| ng
operati on, Sﬁrf?ﬁ Oﬁﬁ(bs%ﬁg tg?l?r{gﬁgq %S‘Eﬁoﬂﬂﬁg‘ Cf)‘&geﬁ ﬁig‘?ﬁn‘?"d?g theysee

operati on. 2% the- suﬁaé@éﬂlﬁ@sﬁ@&aﬂéﬁ%@%ﬁﬂfb&i@t SHBFIEL RdASscb SR ﬂﬁa 'n "¢l ai m
1, wherein generating the first nmeni scus includes applying the first

fluid to tketlendapplyote a third fBubgueeghen thindolgh a first fluid inlet and
renoving the first fluid fromthe surface of the substrate through a first
fluid outlet. 6. A nethod for processing a substrate as recited in claimb5,

wherein gener atVng thectedgotpbbebsthonBbsedis ad RelsttiasclapPs Wingeihhe second
fluid to tﬂ@ face of the substrate through a second fluid inlet and
renovi ng t ﬁsréb el 15 prg of 2 lithegsaphis Thyg ractchsis Hd. aplagng Avid, ehr ough t he

first fluid.Qu fluid outlet and applying a third fluid
t hrough a tlﬁg gkﬁhf@wa%n&i iod for processing a substrate as recited in

claim5, wherein
8. A method for processing a substrate as recited in claim 6, wherein
the second fluid is one of a lithographic fluid, an etching fluid, a plating fluid, a

cleaning fluid, a drying fluid, or a rinsing fluid.

9. A method for processing a substrate as recited in claim 6, wherein

the third fluid decreases a surface tension of the second fluid.

10. A method for processing a substrate as recited in claim 6, wherein

the third fluid is an isopropyl alcohol vapor in nitrogen gas.

11, An apparatus for processing a substrate, comprising:

a proximity head capable of generating a first fluid meniscus on a
substrate surface and capable of generating a second fluid meniscus on the
substrate surface at least partially surrounding the first fluid meniscus, the
proximity head capable of substantially maintaining an integrity of the second fluid
meniscus when in contact with the first fluid meniscus, the first fluid meniscus and
the second fluid meniscus being defined between a processing surface of a

proximity head and the substrate surface during a substrate processing operation.



the first fluid is one of a lithographic fluid, an etching fluid, a plating
fluid, a cleaning fluid, or arinsing fluid. 8. A nethod for processing a
substrate as recited in cIa|n16 wherefh the second fluid is one of a

|'i thographic fluid, an etching fluid, a plating fluid, a <cleaning fluid, a
drying fluid, or arinsing fluid. 9. A nethod for processing a substrate as
recited in claim6, wherein the third fluid decreases a surface tension of

the second f1uid;510. s fRRthadel 9o RLARERSINGR AUBSLEAL B1,GS 1 eci ted in

cl aim 6, mhereln the t |s an” | sopropy cohol vapor in nitrogen
gas. 11. Arwlappariat pexinity headoedsdesy a substrate, conprising: a proxinmty

head capabl e of erati fluld ni SGUS Qn supstrate surface
and capabl e of gg§£$é? ngﬂgggﬁ%%%m@WGhﬂlggﬁtgﬁﬁgwgﬁ’$ﬁ@mggﬂﬁgtrate surface
at | east pakhé@lihyRUIEOUNEinNGidhe ohitrst fluid nmeniscus, the proximty
head capable of substantially maintaining an integrity of the second fluid

meni scus when i nagesndeet afi cohdwibsedofined withinighd pn@nmt(vdl@ad tdpableiafst fl ui d

d f
Cur ace of e FREEITHHY REhE R B SO R B Bl ac 0

processingseﬁe@ahm§mwfﬂ&seﬂaﬁxﬁau@pparatus for processing a substrate as
recited in claim1ll, wherein the proximty head includes, a first set of
conduits defined within the proximty head capable of generating the first

fluid meniscus, and %é%%g:ﬁ%&g?gce Mf%lél}b tlgt% rxlgc(?teWuE Eleﬂntlﬁe proxim ty

head capabl e of generating econ scus second set of
condui ts atwHeesis thepfast seabt yondsits fretinidl ng t he flrst set of conduits. 13. An

apparatus for processin substrate as recited in claim12, . wherein the
first set of con Ft%ovgm?ﬁd“%rdp&tyméa? st e t%t%stswff%qwiﬁ%qw% At i r ot

fluid to the Sur&ﬁ&%tQﬁeéﬂﬁnW@ﬁ%&mvﬁg%tk%&th@%%&ﬂ%ﬂ?ﬁ@Hﬁh@EwﬁﬁkoTe”DV'ng at

| east the first fluid fromthe surf waf er apparatus for
processi ngtle wafestrate as recited in claim13,

14.  An apparatus for processing a substrate as recited in claim 13,
wherein the second set of conduits include,

at least one inlet for applying a second fluid to the surface of the wafer,
and

at least one outlet for removing the second fluid from the surface of the
wafer,

wherein the at least one outlet for removing the first fluid from the surface

of the wafer also removes at least a portion of the second fluid.

15.  An apparatus for processing a substrate as recited in claim 14,
wherein the second set of conduits further includes,

at least one inlet for applying a third fluid to the surface of the wafer.

16.  An apparatus for processing a substrate as recited in claim 11,
wherein the first fluid meniscus is capable of executing one of an etching operation,
a cleaning operation, a rinsing operation, a plating operation, or a lithography

operation.



wherein the second set of conduits include, at |east one inlet for applying
a second fluid to the surface of the wafer, and at |east one outlet for
renoving the second fluid fromthe surflce of the wafer, wherein the at

| east one outlet for renoving the first fluid fromthe surface of the

waf er al so renoves at |east a portion of the second fluid. 15. An apparatus
for processing a substrate as recited in claim1l4, wherein the second set

of conduits further iagghysiesus &l h&R8dinORSubRLRLaslBsiteaRRLMIMg12 third fluid
to the surface of the wafer. 16. An apparatus for processing a substrate

as recited Wherenadhewepond fluldanediseus hecaprblstof tkedutingene stusetilingapabl e of
executi ng aonpe. of ching. operatjon, a. cleaning operation,, a [insing
operati on, Shefsr Ty B B SREL Tl oo dany A ag B R T unk 7 A0
appar at us faperguoacasslithggraplbudsditadne as recited in claim 11, wherein the
second fluid neniscus is capable of executing one of an etching operation,
a cleaning operation, a rinsing operation, a plating operation, a drying

operation, or a kit h%‘ir?aﬂfbﬂ BP?@%%% %{%}‘strfﬁﬁgg%%ﬂg(églf{lai% A

substrate as recited in claim T ui d decreases a
sur f ace t ernb¢ tirddiuid HecrsamenadufiagitehsicdkOof thasapparflaidis for processing a
substrate, conprising: a proximty head capable of generating a first fluid
meni scus on a surface of the substrate and capable of generating a second

fluid meniscus onot heys s faages f&%rée@%iﬁ%%&ﬁ%& _@&9}5&@@: partiall'y

surrounding the first fluid neniscus, roxim:-t head i ncl udi ng, at

| east one first pptetimigphenbehpableaf peoradsd nry dufdmenisfustone swfaré nity head
dto.the surf hr ough t he

oroxi iy b ald (e o ePat Rt T o i AR don i o The S E g
surface of of e jabsndi@hi I¥ast PeaiEilG koG GhE FirstaTRY thehReud, HeSfrokinmityd and at
| east a portion of a second fluid
head including,
at least one first inlet defined in a processing surface of the proximity head
configured to apply a first fluid to the surface of the wafer through the proximity
head;
at least one first outlet defined in the processing surface of the proximity
head configured to remove the first fluid and at least a portion of a second fluid
from the surface of the wafer through the proximity head;
at least one second inlet defined in the processing surface of the proximity
head configured to apply the second fluid to the surface of the wafer through the
proximity head; and
at least one second outlet defined in the processing surface of the
proximity head configured to remove at least a portion of the second fluid from the
surface of the wafer through the proximity head; and
wherein the at least one second inlet and the at least one second outlet at
least partially surrounds the at least one first outlet and the at least one first inlet on
the processing surface of the proximity head, the first fluid meniscus and the

second fluid meniscus being defined between the processing surface and the

surface of the substrate during a substrate processing operation.



fromthe surface of the wafer through the proximty head; at |east one
second inlet defined in the processing_surface of the proximty head
configured to apply the second fluid td' the surface of the wafer t hr ough
the proximty head; and at | east one second outlet defined in the
processing surface of the proximty head configured to renove at |east a
portion of the second fluid fromthe surface of the wafer through the
proximty head; anpd VWAeESpdathd&rdhodc8asE a ANRLBRRNELiAifEIaAAdot he at | east
one second outlet at |east partially surrounds the at |east ohe first
out | et and wieciathe pragimignbeadi fogheriintladeson  t he processing surface of the

proxi mty head, first, .f]ui ni sc and the second, fluid ni scus
being det i ned bet bt ophiisHIE SR RE s BRE-SNE B Ype T he
substrate ditd oehfBuseibptapplyea BirdTRES t e @REERIIRe watkr. 20. An apparatus for
processing a substrate as recited in claim19, wherein the proximty head
further includes, at least one third inlet defined in the processing
surface of the pQ?XI %r&%ppagﬁégfoggmde%ﬁ?gsﬁb%tr%@s%&eﬁE'Ill El(Jnfl llg,' d to the
surface of the wafer. .- An apparatus Tor processing a Sibstrate as
recited in vdicadimtikOfirst fihidreémisdubés Eapable of kxediting bhs ofisn éishiegpabladonf
executing on? of an etchin? oper atign, ? cl eani ng operagion, ﬁ rinsing
oper at i on, 3L'EHE WGTE98r AFPEHRS OBetaion A NIIHEARSFHIPD: dpkd HtogmPhso  An
apparat us f@kaphRcessing a substrate as recited in claim19, wherein the
second fluid neniscus is capable of executing one of an etching operation,
a cleaning operation, a rinsing operation, a plating operation, a drying

operation, and or,a |jthography operation. .,23. A nethod for ocessing a
substrate as rectted ATHARTEIR D6 PGS oA TR FUP A d0er cases o
surface t eRgiefdin eHe sebehasga@meeridcut k- capable of executing one of an etching

operation, a cleaning operation, a rinsing operation, a plating operation, a drying

operation, and or a lithography operation.

23. A method for processing a substrate as recited in claim 20, wherein

the third fluid decreases a surface tension of the second fluid.



