1 APPARATUS AND METHOD FOR UTI LI ZI NG A MENI SCUS I N SUBSTRATE PROCESSI NG by
| nventor Robert J. O Donnell 5 BACKGROUND OF THE I NVENTION 1. Field of the
| nvention [00011 The present invention relates to sem conductor wafer
processing and, nore particularly, to apparatuses and techni ques for nore
efficiently applying and renoving 10 fluids fromwafer surfaces while

reduci ng cont aqi { i CeAN Pm
Description o?q?@%‘gl‘a@e%ﬂrﬂé ! g@gﬁﬂl’ﬁ:ﬁg‘y’g}m con(gg% or cﬁ%I%?aIgrl cation
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i noper abl eceitsyi ces, it is therefore necessary to clean the wafer adequately
yet efficiently after fabrication operations that |eave unwanted residues.
30 [00041 2f Descripti@f 6ff thb®zlfte@reet cl eaned, the wafer nust be dried

effectively to prevent i o o ,
YOOOZ] n 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
15  operations, there is a need to effectively apply and remove fluids for the wafer operation
process.
[0003] For example, wafer cleaning may have to be conducted where a fabrication
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
20  (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.
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
25 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 of discarding wafers
having inoperable devices, it is therefore necessary to clean the wafer adequately yet
efficiently after fabrication operations that leave unwanted residues.
30 [0004] After a wafer has been wet cleaned, the wafer must be dried effectively to prevent

water or cleaning fluid remnants from leaving residues on the wafer. If the cleaning fluid




water or cleaning fluid remmants from |l eaving residues on the wafer. If the
cleaning fluid 2 on the wafer surface is allowed to evaporate, as usually
happens when droplets form residues o contam nants previously dissolved
inthe cleaning fluid wll remain on the wafer surface after evaporation
(e.g., and formwater spots). To prevent evaporation fromtaking place,
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being left on't wa preva ng ue used
today is slpying.r Alise thysy idegng SebliqudsQA0oE shing tidren 6% bl ngtligaidgasimeanent of
fluids on a wafer 10 duri n% an SRD process. In this drying process, a wet
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liquid/gas interface 12 breaks down droplets of the fluid formon the
vater and AEEH dfi ?\éﬁhﬁﬁuﬁaﬁswwﬂa@efw ts, WRISF o BRNg diguidigas dntgifpcst 2 As
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evaporation be [imte eep contam nants of er-surface.
Unf or t unapedduced thy ther emeinz Hquitfegs ietetfacks 12r getondrgeaast il Uyyisy peesss ul  at
the p58 Ver{‘)}‘(i)gcr)gssgg. ?IP\{Iilengernilpqg iog Figure 1A, 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
process continues, the section inside (the dry area) of the moving liquid/gas interface 12
increases while the area (the wet area) outside of the moving liquid/gas interface 12
25  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
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
30  interface breakdown,

[0006] In addition, the SRD process has difficulties with drying wafer surfaces that are
hydrophobic. Hydrophobic wafer surfaces can be difficult to dry because such surfaces




30 interface breakdown. [0006] In addition, the SRD process has
difficulties with drying wafer surfaces that are hydrophobic. Hydrophobic
waf er surfaces can be difficult to dry hecause such surfaces 3 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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hydrophobic so that area repels water and therefore there can be a thinner film of water
20 on that portion of the wafer 10. Therefore, the hydrophobic portions of the wafer 10
often dry more quickly than the hydrophilic portions. This may lead to inconsistent
wafer drying that can increase contamination levels and therefore decrease wafer
production yields.
[0008] Therefore, there is a need for a method and an' apparatus that avoids the prior art
25 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

wafers.




wafers. 4 SUMVARY OF THE | NVENTI ON [ 0009] Broadly speaking, the present
invention fills these needs by providing a substrate processing apparatus
that is capable of processing wafer surfaces with an active cavity wthin
a fluid nmeniscus. In addition, proximty heads generating a fluid nmeniscus
by 5 using self regulation are also provided. It should be appreciated that
the present invention can %Mﬂﬂ%%ﬁﬂv@%ﬁbﬁus ways, including as a
process, an apparatus, a s od. Several inventive
ermbodi menf8009] Briallpseseig, theveechOinverion flgsbedchedddby pwvididdd Qlibstratcone

enbodi ment, an apparatus for processing a substrate is provided which 10
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substrate _where the, s_e["%ond fluid nmeniscus is adjacent to the first fluid
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meni scus. YA BEFERY ihsad tvhere thesqavity (el vers mnsedivve Agant Wetheswilaeki of e d
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includes applying an active agent to an active region of a surface of the substrate and

generating a fluid meniscus on the surface of the substrate with a proximity head where
the fluid meniscus surrounds the active region.
20 [0012] In yet another embodiment, a method for processing a substrate is provided which
| includes generating a first fluid meniscus on a surface of the substrate and generating a
second fluid meniscus on the surface of the substrate where the second fluid meniscus is
adjacent to the first fluid meniscus. The generating the first fluid meniscus and the
second fluid meniscus includes siphoning at least the first fluid from the first fluid
25  meniscus.
[0013] In another embodiment, a method for processing substrate is provided which
includes applying a fluid onto a surface of a substrate and siphoning at least the fluid
from the surface of the substrate where the removing being processed just as the fluid is
applied to the surface of the substrate. The applying and the removing form a fluid
30 meniscus.
[0014] In yet another embodiment, a proximity head for processing a substrate is

provided which includes at least one first conduit defined within the proximity head




30 neniscus. [0014] In yet another enbodinment, a proximty head for
processing a substrate is provided which includes at | east one first
conduit defined within the proximty head 5 where the at |east one conduit
applies a fluid to a surface of the substrate. The proximty head includes
at | east one second conduit defined within the proximty head where the at
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such an enbodi nent nmay be self regulating. Wien the flow of flujd into the

meni scus PEORISSA regienss Hisesiorce Hisuigcess gigrogment sangrrapoyaiudly coppledangnt |y,

waf er progessi b i I i asy
procesging yI%#%g. i80%?%E%@ﬁ§?&§s%%§F%mgﬁﬁmggégkggglS g?g?%@égﬁééégr
I nvent i on pracessitgeandrprodppidvrefiiay foeointrehded dndlHigivdr ngafeieygldsadayles achiptddon,

taken in conhgn tion wth the, acconpanying drawi ngs, illustrating by way
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be enhanced because the meniscus m such an embodiment may be self regulating. When

the flow of fluid into the meniscus is high the siphon removes fluid at a higher rate.

Consequently, wafer processing may be made consistent thereby increasing wafer

20  processing yields.
[0017] Other aspects and advantages of the present invention will become apparent from
the following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

25  [0018] The 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.

[0019] Figure 1A illustrates movement of cleaning fluids on a wafer during an SRD
drying process.

30 [0020] Figure 1B illustrates an exemplary wafer drying process.

[0021] Figure 2 shows a wafer processing system in accordance with one embodiment of

the present invention,




[0019] Figure IAillustrates novenent of cleaning fluids on a wafer during
an SRD drying process. 30 [0020] Figure IBillustrates an exenplary wafer
drying process. [0021] Figure 2 shows gswafer processing systemin
accordance with one enbodi nent of the present invention. 6 [0022] Figure 3
illustrates a proximty head perform ng a wafer processing operation in

accor danc ey Figne 3 elipdtdRnbroRimityhBeadr Rsfhing W &afer @Ebceﬁéﬂ@??}erzﬁic@uhe 4A
illustrates a_wafer processing operation that nmay be conducted by a
proxi m t y aefeadpnce wilbooe gabedimgnt bt hapraspifdayentian. of the present invention.
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mul ti-nmeni S6i i m i ccor e Wi.th o hodi e
resent 1 s T PhisaT ey BRERPRALES st Ou” S BRRRNL PEdhe Bty
head i n agsent@lce with one enbodi nent of the present invention. [0028]
Figure 6B illustrates the processing surface of the proximty head in

accor danc 00285 Figurey Sheshomsodi maHit-msnisehorepieéznheadn e macerdangey Wit 2]
Fi gure 6051?1@83%1:3?& &Lt%r%ﬁes é{qﬁ\(ch%ioﬁ.he processi ng surface of the
r OXi y head |

mul ti-nmeniscus p n ‘accordance with one enbodi nent of the

presemo i POOGY IFQdure [SBOMYwsFA Grise seRicmhows bheiel agitl-nbhied @oringty@héadcii ng to
the body to formthe nulti- nenisci proximty head in accordance wth one
enbodi mengcerdange vitheone smbogiesst phile prgseg3nyentiogure 6E il lustrates a cross
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of the mukibod®iting6f thpheosemiihyenkioad in  exenpl ary wafer processing
operations in accordance with one enbodi nrent of the present invention.
[0028] Figure 6B illustrates the processing surface of the proximity head in accordance
15  with one embodiment of the present invention.
[0029] Figure 6C shows a closer view of the processing surface of the multi-meniscus
proximity head in accordance with one embodiment of the present invention.
[0030] Figure 6D shows the facilities plate attaching to the body to form the multi-
menisci proximity head in accordance with one embodiment of the present invention.
20 [0031] Figure 6FE illustrates a cross section view of the proximity head in accordance
with one embodiment of the present invention. _
[0032] Figure 7 illustrates a cross-sectional view of the multi-menisci proximity head in
exemplary wafer processing operations in accordance with one embodiment of the
present invention,
25  [0033] Figure 8 illustrates a siphoning system in accordance with one embodiment of
the present invention. _
[0034] Figure 9 illustrates a proximity head with an active cavity in accordance with
one embodiment of the present invention.
[0035] Figure 10 shows a cross section of the proximity head in operation in accordance
30  with one embodiment of the present invention.
[0036] Figure 11 shows a longitudinal view of the proximity head in accordance with

one embodiment of the present invention.,




25 [0033] Figure 8 illustrates a siphoning systemin accordance with one
enbodi nent of the present invention. [0034] Figure 9 illustrates a
proximty head with an active cavity imaccordance with one enbodi ment of
the present invention. [0035] Figure 10 shows a cross section of the
proximty head in operation in accordance 30 with one enbodi nent of the
present i po3T7 i Bigurd @93GbwEia0tkoss ddetiohEWsie® bONPrd:uahitpMecalli 0ith e héiRre
proximty head in accordance with one enbodinent of the present invention.
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one enbodi nent of the present invention. 5 [0039] Figure 14A shows a cross

shaped’ pr 339 FiewieddA shews or ¢ense eshapech porremity i trenecwflanchewph eent

i nventi on, 0 Faur ill.ustrates a circul ar shaped proximty head
LI A R

i n accordance W ¥ of the present invention. [0041] Figure

14C shows [e020pV &lgush ape dilptiaek B didcube dHaged REGAIGIREE iNVatdbr@iRe wi one
enbodi ment of the present invention. [0042] Figure 14D illustrates a strip

shaped pr wbadimenhelitic preseideyagtinge with one enbodi ment of the present
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15A shows emibodixepbBthy piis@w iffendiofr ocessi ng surface of the proximty head
in accordance with one enbodi ment of the present invention. [0045] Figure
15B i | | us{9042ésFighretéRpllustiates avwtidi shepsd quexisiitghesdr ihazesowhanechaitgrane mity

head in a%&ﬁégﬂ%ﬁﬂ%ﬁhgﬁf@%ﬁig‘mﬂgfi’-mnt of the present invention. DETAILED

DESCRI PTI n-invention for nmethods and apparatuses for

processi NGoR3$ Fiské AUB blifowH aCHegRAshaped Arbginfigl heawl MY adesiaindet wah, one
nunmerous specific details are set forth in order to provide a thorough
under st anginbgdigtent plethp prasestinyamiient i on. It will be understood, however, by

oneé 45 [0044] Figure 15A shows an exemplary view of a processing surface of the proximity

head in accordance with one embodiment of the present invention.
{0045] Figure 15B illustrates an exemplary view of a processing surface of the proximity

head in accordance with one embodiment of the present invention.

DETAILED DESCRIPTION

20 [0046] An invention for methods and apparatuses for processing a substrate is disclosed.
In the following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be understood, however, by one
of ordinary skill 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

25  described in detail in order not to unnecessarily obscure the present invention.

[0047] While this invention has been described in terms of several preferable
embodiments, it will be appreciated that those skilled in the art upon reading the
preceding specifications and studying the drawings will realize various alterations,
additions, permutations and equivalents thereof. If is therefore intended that the present
30  invention includes all such alterations, additions, permutations, and equivalents as fall

within the true spirit and scope of the invention.
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opposite edge of the wafer, or other non-linear movements may be utilized such as, for

20 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 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

25 may be utilized where the wafer is not rotated but the proximity head is configured to

move over the wafer in a fashion that enables processing of all portions of the wafer. In

other embodiments, either or both of the wafer and the proximity head do not move

depending on the wafer processing operation and the configuration of the proximity head.

In further embodiments, the proximity head may be held stationary and the wafer may be

30 moved to be processed by the fluid meniscus. As with the proximity head, the wafer may

move in any suitable motion as long as the desired wafer processing operation is

accomplished.




notion profile as desired by a user. In addition, in one enbodi nent, the
wafer may be rotated and the proximty head noved in a linear fashion so
the proximty head may process all porgions of the wafer. It should also
be understood that other enbodinents 25 nay be utilized where the wafer is
not rotated but the proximty head is configured to nove over the wafer in
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[0052] 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 any suitable proximity heads as described

25  in further detail in reference to Figures 2 through 15 described herein. 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 one, the first fluid meniscus and the second
fluid meniscus are concentric with the second fluid meniscus surrounding the first fluid

30  meniscus. The proximity head may be any suitable apparatus that may generate a fluid
meniscus as described herein. The upper arm 104a and the lower arm 104b can be part of

an assembly which enables substantially linear movement (or in another embodiment a




20 enbodi nent of the present invention. The system 100 includes rollers
102a and 102b which nmay hold and/or rotate a wafer to enable wafer
surfaces to be processed. The system g0 al so includes proximty heads
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proxi m t ythagaid(@ie embodiment, are concentric with each other. It should also be understood

20 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
preferable embodiment, the proximity heads 106a and 106b (as well as any other

25  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
menisci on the wafer surface.

30 [0054] 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

the wafer. It should be appreciated that the arms 104 may be movable in any suitable




may be noved in close proximty to the wafer to generate and control

mul tiple neniscus that, in one enbodi nent, are concentric with each other.
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waf er processing operation as th
surface of the wafer or both the top surface and the bottom surface of the wafer.

20 [0035] 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 outpuiting
different types of fluids or by using a different configuration menisci. The proximity

25  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
or different types of proximity heads.

30 [0056] 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

close proximity to a portion of the wafer 108 that is to be processed. In one embodiment,




fluid nmeniscus. Therefore, the proximty heads 106a and 106b can have any
nunmerous types of configurations as shown herein or other configurations
that enable the processes described hgpein. It should al so be appreciated
that the system 100 may process one surface of the wafer or both the top
surface and the bottom surface of the wafer. 20 [0055] In addition, besides
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rotation of the wafer 108. The wafer_ _processing operation itself nay be
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crbod! Ty 213658 08k B AR B GRS S e
heads 106a and 106b may be configured to dry, clean, etch, and/or plate the wafer 108.
20 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 isoprbpyl alcohol (IPA) in
vapor form (also known as IPA inlet), and the at least one outlet may be configured to
remove fluids from a region between the wafer and a particular proximity head. It should
25  be appreciated that the removal of fluids may be accomplished by any suitable method
whereby fluid is removed in an efficient manner consistent with the methodologies
described herein. In one embodiment, vacuum may be applied through the at least one
outlet (also known as vacuum outlet). In another embodiment, where the at least one
outlet removes substantially single phase fluids (e.g., mostly liquid), then a method such
30  as siphon may be utilized. Siphoning of fluid through the at least one outlet is described
in further detail in reference to Figure 8. It should be appreciated that although IPA

vapor is used in some of the exemplary embodiments, any other type of vapor may be




processi ng operation progresses. In another enbodi nent, when the proximty
heads 106a 15 and 106b are noved fromthe periphery of the wafer 108 to th
center of the wafer 108, the processedsportions of the wafer 108 would
expand fromthe edge region of the wafer 108 to the center region of the
wafer 108 in a spiral nmovenent. [0057] In an exenplary processing
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vacuum-second processing fluid-vacuum-IPA orientation as described in further detail

e

U

20 below. It should be appreciated that other types of orientation combinations such as IPA-
processing fluid-vacuum, processing fluid-vacuum-TPA, vacuum-TPA-processing fluid,
etc. may be utilized depending on the wafer processes desired and what type of wafer
processing mechanism is sought to be enhanced. In one embodiment, the IPA-vacuum-
processing fluid orientation may be utilized to intelligently and powerfully generate,

25  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 Nyo/IPA vapor inlet, the vacuum outlet, and the processing fluid inlet, in
an additional embodiment, there may be additional sets of IPA vapor outlets, processing

30 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




may be adjacent to the at | east one vacuumoutlet which is in turn adjacent
to the at |l east one processing fluid inlet to forman

| PA-vacuum processing fluid orientationg Such a configuration can generate
an outside neniscus that at |east partially surrounds the inside 15

meni scus. In addition, the inside neniscus may be generated through a
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may be ut ilPA Zie ditilibat irsthbsixamplaay kynbsdinging aphasieerfsuithlsis type of vapor may be
20  utilized such as for example, nitrogen, any suitable alcohol vapor, organic compounds,
hexanol, ethyl glycol, acetone, etc. that may be miscible with water. These fluids may
also be known as surface tension reducing fluids. The portion of the processing fluid that
is in the region between the proximity head and the wafer is the menisci. It should be
appreciated that as used herein, the term "output” can refer to the removal of fluid from a
25  region between the wafer 108 and a particular proximity head, and the term "input" can
be the introduction of fluid to the region between the wafer 108 and the particular
proximity head. In another embodiment, the proximity headsl06a 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.
30  [0061] 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

a method of generating a basic fluid meniscus while Figures 5A through 15B discuss




10 100601 I n one enbodi nent, the proximty heads 106a and 106b may be
positioned in close proximty to a top surface and a bottom surface
respectively of the wafer 108 and maygtilize the IPA and DIWinlets and a
vacuumoutl ets as described herein to generate wafer processing menisci in
contact with the wafer 108 which are capable of processing the top surface
and the bappaussdrdracmetbds fer g@{eeertmgoﬁmowe;omﬁfegrm@mg@mﬁggraﬁw Sfte 15
may be generated in a manner consistent with the descriptions herein. At
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the inlet 306 may be utilized to apply a processmg fluid toward the top surface 108a of

20 the wafer 108. In addition, the outlet 304 may be utilized to apply vacuum to a region in
close proximity to the wafer surface to remove fluid or vapor that may located on or near
the top surface 108a. As described above, it should be appreciated that any suitable
combination of inlets and outlets may be utilized as long as the meniscus 116 may be
formed. The IPA may be in any suitable form such as, for example, IPA vapor where

25  TPA in vapor form is inputted through use of a N; gas. Morcover, any suitable fluid used
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 TPA 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

30 the inlet 306. Consequently, if a fluid film resides on the wafer 108, a first fluid pressure
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




the inlet 302, the vacuum 312 through outlet 304, and the processing fluid
314 through the inlet 306, the neniscus 116 may be generated. It should be
appreci ated that the 10 orientation of ygxhe inlets/outlets as shown in
Figure 3 is only exenplary in nature, and that any suitable inlets/outlets
orientation that may produce a stable fluid nmeniscus may be utilized such
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immediate removal of the processing fluid from the wafer surface pr’events the formation

20 of fluid droplets on the region of the wafer surface being dried thereby reducing the
possibility of contamination on the wafer 108 after the processing fluid has accomplished
its purpose depending on the operation (e.g., etching, cleaning, drying, plating, etc.). The
pressure (which is caused by the flow rate of the IPA) of the downward injection of IPA
also hellps contain the meniscus 116. .

25 [0064] The flow rate of the N2 carrier gas containing the IPA may assist in causing a
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.

30  Therefore, as the IPA and the processing fluid are pulled into the outlets 304, the

boundary 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




fluid inflow 314 that is applied toward the wafer surface encounters the
| PA inflow 310. The IPA fornms an interface 118 (al so known as an

| PA/ processing fluid interface 118) wjth the processing fluid inflow 314
and along with the vacuum 312 assists in the renoval of the processing
fluid inflow 314 along with any other fluid fromthe surface of 10 the
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20 proximity heads, in one embodiment, have more inlets 302 and 306 and outlets 304.
{0066] In one embodiment, the flow rate of the N»/IPA vapor through a set of the inlets
302 is between about 1 liters per minute (SLPM) to about 100 SLPM. In a preferable
embodiment, the IPA flow rate is between about 6 and 20 SLPM.
[0067] In one embodiment, the flow rate for the vacuum through a set of the outlets 304
25  1s between about 10 standard cubic feet per hour (SCFH) to about 1250 SCFH. In a
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.
[0068] 1t should be appreciated that any suitable type of wafer processing operétion may
30 Dbe conducted using the meniscus depending on the processing fluid utilized.  For

example, a cleaning fluid such as, for example, SC-1, SC-2, etc., may be used for the

processing fluid to generate wafer cleaning operation. In a similar fashion, different




vacuumis exerted on conbination of fluid and gas. Consequently, as the
proximty head 5 106a noves, the neniscus noves along with the proximty
head, and the region previously occupikgd by the meniscus has been dried
due to the novenent of the |PA/processing fluid interface 118. It should
al so be understood that the any suitable nunber of inlets 302, outlets 304
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into and away from the surface.

20 [0070] Figures 5A through 7 show embodiments of the present invention where a first
fluid meniscus is at least partially surrounded by at least a second fluid meniscus. It
should be appreciated that the first fluid meniscus and/or the second fluid meniscus may
be generated to conduct any suitable type of substraté/wafer processing operation such as,
for example, lithography, etching, plating, cleaning, and drying. The first fluid meniscus

25  and the second fluid meniscus may be any suitable shape or size depending on the
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

30  meniscus processes the substrate, the portion of the wafer processed by the first fluid

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




waf er processing neni scus may al so etch and/or plate the wafer. In one
enbodi nent, etching fluids such as, for exanple, HF, EKC proprietary
solution, KOH etc., may be utilized tqgetch the wafer. In another

enbodi ment, plating fluids such as, for exanple, Cu 5 Sulfate, Au Chloride,
Ag Sulfate, etc. in conjunction with electrical input may be conducted.
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be appr ecibatugitizéd aWhee pphoning isased, the meniscus may be self regulated because as more

20 fluid is applied to the wafer surface, the more the fluid is removed from the wafer surface

- through siphon. Therefore, even at variable flow rates, the siphoning can increase or

decrease fluid removal rate depending on the flow rates into the fluid meniscus(es).

Siphoning with regard to single phase fluid removal from the wafer surface (e.g., from

the meniscus(es) on the wafer surface) is described in further detail in reference to Figure

25 &

[0073] In addition, the plurality of source outlets 306b may be called a two phase

removal conduit because the outlets 306b removes the second fluid from the source inlets

306b and the atmosphere outside of the fluid meniscus. Therefore, in one embodiment,

the outlets 306b removes both liquid and gas while the outlets 306a remove only liquids.

30 Asa result, the second fluid meniscus may be created by the conduits located within a

second fluid meniscus region 404 of the processing surface on the multi-meniscus

proximity head 106-1.




19 the operation desired, in one enbodinent, the first fluid neniscus may
contact the second neniscus and in another enbodinent, the first fluid
meni scus does not directly contact th?gsecond meni scus. [0071] Figure 5A
shows a nmulti-nenisci proximty head 106-1 in accordance with on 5

enbodi nent of the present invention. The nulti-nenisci proximty head 106-1
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one side of the second fluid meniscus and 304b on the other side. In one embodiment,
20  the plurality of source inlets 302 may apply the third fluid to decrease the surface tension
of the fluid making up the second fluid meniscus 116b. The plurality of source inlets 302
may be optionally angled to better confine the second fluid meniscus 116b.
[0077)] Figure 6A illustrates a multi-menisci proximity head 106-2 in accordance with
one embodiment of the present invention. The proximity head 106-2 includes, in one
25  embodiment, é facilities plate 454 and a body 458. It should be appreciated the proximity
head 106-2 may include any suitable numbers and/or types of pieces as long as the first
fluid meniscus and the second fluid meniscus as described herein may be generated. In
one embodiment, the facilities plate 454 and the body 458 may be bolted together or in
another embodiment, the plate 454 and the body 458 may be attached by an adhesive.
30  The facilities plate 454 and the body 458 may be made from the same material or

different materials depending on the applications and operations desired by a user.




second fluid neniscus region 404 of the processing surface on the

mul ti-nmeniscus proximty head 106-1. 20 [0074] Optionally, the

mul ti-menisci proximty head 106-1 nmay,ynclude a plurality of source
inlets 302 which can apply a third fluid to the wafer surface. In one
enbodi nent, the third fluid may be a surface tension reducing fluid that

can reduc FIOWBPTE&I bfAGRity BBSd P06-2 Fhayink il iadirBtd¥Binp ReFEcPIRd@hicRfindi@ssecond
meni scus Tformed by that application of the 5 second fluid to the wafer

surface. o8B} whereaddid{9)onay bhepplicsciessirfage o thicawefef @nd the flpg{xsunddee ar ea
of the multi- n%sci r%xi m'ft hea Wm%&e t he c.onduif?s e{gi s%{é ofintohe

mul ti -nenfeél?:‘i"ggr %‘?‘nﬁ%ﬂ Sad1B8- 2 (0r  THRPTOEHENE pRERER T HB%u i %Cussed
herein) memb&@EnRht, BRYelSlatddodtoRe alORPRREARBY a8 URGwWRDy anf QEvaexPRIdR, 492, alt,

rai sed, lowered. In one enbodinent, the processing surface of the 10

nul ti -hrenslysild beepprepiatedrthatehe psasssingsuriice 58 [daes seirHayedo bpgdemsiedmngur e 5B

shows a c[;0 sectio iew pf th Lti - meni sei, Proxl m - in
ccor danc B 2he S5 a8 A sit B, oL BIEBCHTE i B o5 dleBE it
pr oxi m t y h&giehe1Dfimil facantha piface lofiehd wifst bdihppfbetReQugh the plurality of
source inlets 306a and renove the first fluid through the plurality of

sour ce oul080k Fanna 6BHHssittesutbe podcesdng bwifengi 49§ olnibie droxiaéy hepd TAe-2finr st

fluid nmeniscus 116a.i s _| ocated underneath reaqi.on ubs i

Cur T oundoSBeps S Pur PRPO I (BE Bhetel: LRBLR. T 2%k IMHolhdhr e

proxi ot Ypf@@@i@@rﬁwaﬁﬁ &l SRgrpNthé PRxEREP Aehd I_OG-ﬂstUh Bratd@&h@ﬂhﬁﬂ@ ity
of source inlets 306b and renove the second fluid through the plurality of

source outiesissi. 30ha wacessing Wrfdes 468 ey dnsdusledamy eRiteblreRTBbESan #rsodb on
LQ; g;gle;cfr'hagl?tis r3“5 ;t‘hqeoﬁfsa Iﬁg}ﬁfrglérggcqfs and Qheit %%ORA Hi;ll%l b isc%fs.rﬁaﬁrut;eg en'teﬂllgeec# Sp,302

crease € surface tensio |'ui d

maki ng upohhembedinrat, i irdcdBing Setfsce U8 Bnchildeg Mfidinddts 80620 flukidinies J0aket s
302 may be optionally angled to better confine the second fluid neniscus
116b. [ 00frid imjegrAQobeAuid quiists 3Ategng fivid inletsd®d.sci proximity head 106-2 in
accor danc ] R, e heent of 1he.pr I NV i 0 h Fmty
nead oo L Te 3R FTASTOEP Hay Boplyit ABAANAL, LS FHCE wrafe® i By’

body 458. fluld BilvdyBOcMagRPhBCA adcetd thel R txistifhee biegd wWdiér 2nnmditions ktiwde any
sui t abl e nunbers and/or types of pieces as |long as the first fluid

meni scus AHil pwicts denmay iremaverdisi Bt fluidsanfba portkadothe seqond rliyjd feom the
?g;eggt ggFlfljg%e togg'hzet ﬁ/gfé&" g& in?é‘néppliEQt‘?oJ Flipdh SR e, AAnt BRIl A58
304b may remove a portion of the second fluid from the surface of the wafer by the
20  application of vacuum, and the fluid inlets 302 may apply a fluid that can decrease the
surface tension of the second fluid. The first fluid and/or the second fluid may be any
suitable fluid that can facilitate any one of a lithography operation, an etching operation,
a plating operation, a cleaning operation, a rinsing operation, and a drying operation.
[0081] Figure 6C shows a closer view of the processing surface 458 of the multi-
25  meniscus proximity head 106-2 in accordance with one embodiment of the present
invention. In one embodiment, the processing surface 458 includes a first fluid meniscus
region 402 which includes the fluid inlets 306a and fluid outlets 304a. The processing
surface 458 also includes a second fluid meniscus region 404 includes the fluid mlets
306b and the fluid outlets 304b and the fluid inlets 302. Therefore, the first fluid

30 meniscus region 402 can generate the first fluid meniscus and the second fluid meniscus

region 404 can generate the second fluid meniscus.




anot her enbodi nent, the plate 454 and the body 458 nmay be attached by an
adhesive. 30 The facilities plate 454 and the body 458 nay be made fromthe
sanme material or different materials %@pending on the applications and
operations desired by a user. 21 [00781 The proximty head 106-2 may

i nclude a processing surface 458 which includes conduits where fluid(s)
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processi N@ame as the first fluid. As with the first fluid, the second fluid may be any suitable type
20 of processing fluid such as, for example, a fluid that can facilitate etching, lithography,
cleaning, rinsing, and drying.
[0084] Figure 7 illustrates a cross-sectional view of the multi-menisci proximity head in
exemplary wafer processing operations in accordance with one embodiment of the
present invention. Although Figure 7 shows a top surface of the wafer 108 being
25  processed, it should be appreciated by those skilled in the art that both a top surface and a
bottom surface of the wafer 108 may be concurrently processed by any of the proximity
heads described herein on the top surface of the wafer 108 and by any of the proximity
heads described herein on the boitom surface of the wafer 108. In one embodiment, a
first wafer processing chemistry is applied to the wafer 108 through fluid inlet 306a.
30  After the first wafer processing chemistry has processed the wafer surface, the first wafer
processing chemistry is removed from the wafer surface through the fluid outlet 304a.

The first wafer processing fluid may form a first fluid meniscus 116a between the multi-




surface 458 also includes a second fluid neniscus region 404 includes the
fluid inlets 306b and the fluid outlets 304b and the fluid inlets 302.
Therefore, the first fluid 30 neniscus,gegi on 402 can generate the first
fluid neniscus and the second fluid nmeniscus region 404 can generate the
second fluid neniscus. 22 [00821 Figure 6D shows the facilities plate 454
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square, rectangle, triangular, quadrilateral, etc. The second fluid meniscus 116b can be
20  configured to at least partially surround whatever shape the first fluid meniscus 116a may
be. It should be appreciated that, as discussed above, the first fluid meniscus 116a and/or
the second fluid meniscus 116b may utilize any suitable fluid(s) depending on the wafer
processing operation desired.
[0087] 1t should be appreciated that to generate a stable fluid meniscus, an amount of the
25  first fluid inputted into the first fluid meniscus through the source inlets 306a should be
substantially equal to the amount of the first fluid removed through the source outlets
304a. The amount of the second fluid inputted into the second fluid meniscus through the
source inlets 306b should be substantially equal to the amount of the second fluid
removed through the source outlets 304a and 304b. In one embodiment, the flow rates of
30  the fluids are determined by a distance 480 the proximity head 106-2 is off of the wafer
108. It should be appreciated that the distance 480 may be any suitable distance as long

as the menisci can be maintained and moved in a stable manner. In one embodiment, the




heads descri bed herein on the top surface of the wafer 108 and by any of
the proximty heads described herein on the bottom surface of the wafer
108. In one enbodiment, a first wafer jprocessing chemstry is applied to

t he wafer 108 through fluid inlet 306a.°30 After the first wafer processing
chem stry has processed the wafer surface, the first wafer processing

chem stry distarice 89 @hyf bOBRtHIEN YRTBErof bk BS nrhhiR@hnbher Ehbbdineut I5ehm304a.
The first wafer processing fluid my forma first fluid neniscus 116a
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an anount
configuration of the process area and/or the configuration of the proximity heads

20 described herein.
[0089] Moreover, by use of siphoning through the source outlets 304a, the optimal flow
rate is automatically generated thereby creating a self regulating meniscus where the flow
rate of fluid from the meniscus to the source outlets 304 is automatically adjusted
depending on the flow rates through the source inlets 306a and 306b. As long as the fluid
25  being removed by the source outlets 304a is substantially single phase then the siphon
can keep operating to self regulate the shape and size of the fluid meniscus.
[0090] Figure 8 illustrates a siphoning system 500 in accordance with one embodiment of
the present invention. In one embodiment, siphoning may be used to control fluid
removal through the source outlet(s) (e.g., inner return flow). In one embodiment, when
30  siphoning is utilized, vacuum is not utilized therefore, the flow of fluid from the fluid
meniscus is made independent from fluctuations in the clean dry air generating the

vacuum in a vacuum tank. This generates enhanced stability of the inner return flow




25 first fluid inputted into the first fluid nmeniscus through the source
inlets 306a should be substantially equal to the amount of the first fluid
renoved through the source outlets 3043 The anount of the second fluid
inputted into the second fluid nmeniscus through the source inlets 306b
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sel f regulating neniscus
[0092] In one embodiment, a siphon flow can be induced via tank vacuum to charge a

20  dry line. In one embodiment, the siphon tube 548 may be charged by applying vacuum
and thereby filling the siphon tube 548 with liquid from a fluid meniscus generated by the
proximity head 106. Once the siphon tube 548 is filled with liquid, the vacuum may pull
the fluid in the siphon tube 548 to the receiving tank 560. Once the flow has started the
tank vacuum in the receiving tank 560 may be eliminated and the siphon action facilitates

25  the fluid flow through the siphon tube 548.

[0093] In another embodiment, the restrictor 550 may be a shut-off valve could be used
to start and stop the flow without assistance of tank vacuum. If the siphon tube 548 is
charged (e.g., filled with liquid), opening the valve starts siphon flow. If the siphon tube
548 is dry, then it could be charged first with fluid and then the siphon flow would begin

30  as soon as the valve is opened. Therefore, in one embodiment, siphon flow can be used

for all single-phase liquid lines in the system. In addition, siphon flow is operable with

air bubbles as long as the line is substantially filled with liquid.




rate of fluid fromthe neniscus to the source outlets 304 is automatically
adj usted depending on the flow rates through the source inlets 306a and
306b. As long as the fluid 25 being resgved by the source outlets 304a is
substantially single phase then the siphon can keep operating to self
regul ate the shape and size of the fluid nmeniscus. [0090] Figure 8
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the present invention. In one enbodi nent, siphoning nay be used to control
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tube 548 1aupledl tatiohehar i@ma%ﬁbédhﬁaﬂmh% detd€n QBRréice TORgsie pHoON Anubes
548 may be 5 coupled to the proximty head 106 to renove fluid fromfluid

meni scus( 8§mplenepracessingyutipee gits@rerinithkesd 1066 is discaised Entiwdendaitil in he

si phon tu ected at the other end to a receiving tank 560
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si phonot ul{@w)@%%lné NoERveNH RelisiBBEont BE tHeefRixthipg he@hH 068 @t operaticaner
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than the dgravi ronal " force correspond ng ance “582.
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flow. In one enbodinent, the flow restrictor 550 may be any_ sujtable
devi ce sudkeTisUs b6 gsneraisiery tevapplieationaf Mud te she W@feffslutﬁa‘éfi by &b SC[IG@PQZl In

one erbocteataociudl BDOR LRGPy Iarto iy ibec T oneh
appl yi ng \vadetgdiida and 304b. The caVIty 642 may be used to deliver active agents to the Wafer
20  surface via the active cavity window 624. It should be appreciated that the active cavity
window 624 may be any suitable size and/or shape depending on the size and shape of

the region of the wafer surface desired to be processed. In one embodiment, the active

cavity window 624 defines the opening to the cavity 642. The wafer surface within the

active cavity window 624 that is processed by the active agents is known as an active

25 region. The active agent may be any suitable liquid, gas, vapor, or other form of
chemistry (e.g., foam) that can process the wafer. In one embodiment, the active agent

may include substances such as, for example, ozone, chelating agents (e.g., EDTA, etc.),

cleaning chemistries (e.g., SC1, SC2, etc.), semi-aqueous solvents (e.g., ATMI ST-253

and ATMI PT-15 (made by ATMI of Danbury, CT), EKC5800my (made by EKC

30 Technology in Danville, CA, etc.}, HF, etc.). The active agents can be dispensed via the

source inlet 640 which in one embodiment may include nozzles (e.g., flat fan, cone spray,




and thereby filling the siphon tube 548 with liquid froma fluid nmeniscus
generated by the proximty head 106. Once the siphon tube 548 is filled
with liquid, the vacuumnmay pull the fkuid in the siphon tube 548 to the
receiving tank 560. Once the flow has started the tank vacuumin the
receiving tank 560 may be elimnated and the siphon action facilitates 25

the fl ui dnfilimwpddy. o Ghol1d®e %bﬁz’%@iﬁteﬁlmﬁ tBd Sourt ORE3 b4b manRt H€rsumOdigaent
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the restrictor 550 may be a shut-off valve could be used to start and stop
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charged ( filled wth liquid opening the valve starts siphon.flow.
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detail in reference to Figure 11. An exenplary processing surface of the
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into a cavity 642. The cavity 642 may be any suitable shape and may take
up any suioPgidflensyol ume within the proxinmity head 106-3 as long as the

active.ag Fnputted.in cavit.y 642 the . NV e 15
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Wi ndow 624foximith HeRE senok wHiXed il Fez@Pe0ial gvelioast e dtiddti doydiiet Battedns and
substantially surrounded by the fluid neniscus 116 generated Fl;%/ t he
#

appl i cat i GRo¥amity| higiad sigckures disgussedshgreincare aply keesplane & nitirceard 46 thind by
the r em)v%lroﬁgnitgfm%a& ld%icﬁ]ss];xﬁ nge%nhgncmn'ﬂia%eﬁ&i/ ?u%é%lclﬁrgx%t)l lbe%dss%&%?e that
may be utilized that can generate a fluid meniscus substantially around a region of the
20 substrate surface where active agents can conduct substrate processing.
[00100] Figure 11 shows a longitudinal view of the proximity head 106-3 in
accordance with one embodiment of the present invention. As discussed above in
reference to Figure 10, the proximity head 106-3 include source inlets 640 into the cavity
642. In the embodiment shown in Figure 11, four source inlets 640 are defined within the
25  longitudinal section of the proximity head 106-3. It should be appreciated that depending -
on the wafer processing operation desired and the amount of active agents desired to be
inputted into the cavity 642, any suitable number of source inlets 640 may be included in
the proximity head 106-3 such as, for, example, 1, 2, 3,4, 5, 6,7, §, 9, 10, etc. It should
also be understood that the cavities Also, the proximity head in the longitudinal view
30  includes source inlets 306 and source outlets 304a and 304 as well as source inlets 302
for generating the fluid meniscus 116. In one embodiment, the source inlets 306 may

apply a processing fluid (e.g., rinsing fluid) to the wafer surface. The processing fluid




outlets 304a and 304b. The cavity 642 nmay be used to deliver active agents
to the wafer 20 surface via the active cavity w ndow 624. It should be
appreci ated that the active cavity w pdow 624 may be any suitable size
and/ or shape depending on the size and shape of the region of the wafer
surface desired to be processed. In one enbodi nent, the active cavity

W ndow 62magafei rBRsvédRoRRRN vaE: b@rfid@yaRY bdurcOdidict T0a el FEbS Wrshagld bal thin
the active cavity wi ndow 624 that is processed by the active agents is
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appreciated that the source inlet 640 may be any suitable type of opening
that can d9H@dport Fimrad? shevsyeness seatienal Nieveeld pipxaaipy hqad09pi4 with the
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cavity 642 and the wafer surface in the active cavity wi ndow 624 is wetted
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surface through the wa oundary Tayer. This na I n operation

such as, fiedludssaopice inlefsr30p apt ebwte sitkdts 306046, aR8 3048 [MHORHmBddimbaul d be
appreciated that the conduit (i.e outlets and inl et s% ag}attern and ‘
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304a, 304b, and 304c can remove the fluid from the surface of the wafer substantially
20 surrounding the active region. This application and removal of fluid may generate the
fluid meniscus that can substantially surround the active region. In such an embodiment,
an active agent can be applied to process the active region of the wafer surface and
afterwards with either one of wafer or proximity head movement, the fluid meniscus 116
may further process (e.g., clean, rinse, etch, etc.) the wafer surface in the active region.
25 [00102] In the embodiment shown in Figure 12, the source outlet 304a may utilize
vacuum to remove fluids from the wafer surface. In one embodiment, the source outlet
304a may remove the fluid applied by the source inlets 304a as well as the fluids and/or
materials remaining from the active agent processing of the active region of the wafer
surface. The source outlet 304b in this embodiment may be a single phase meniscus

30  removal conduit. In this embodiment, the source outlet 304b may use vacuum and/or

‘siphoning to remove the fluid making up the fluid meniscus 116. The source outlet 304c




proximty head di scussed herein enconpasses any suitable proximty head
structure that nay be utilized that can generate a fluid neniscus
substantially around a region of the 20 substrate surface where active
agents can conduct substrate processing. [00100] Figure 11 shows a

| ongi tudi nal view of the proximty head 106-3 in accordance with one
enbodi mentin dfis emboginese ntayiutiiea vaomm Asredicwe Wss Sdidalbov eni quterrregien efitte t o

Figure 10,,the proximty head. 106-3 include saource inlets 640 into the
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It should be appreciated that depending on the wafer processing operation
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outlet 304a and 304b. It shoul'd be apprecrated that source inlet 302 is
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t he sour ceabitieslo@la 30& 6430 Utlk [sh&8d, bedappibfiRE® tHLNBE PRoRAY UG hésdiiBedray be
applied to the wafer surface and the outer border of the fluid meniscus

116. Consd@giréhimay coptaén fnsusudtableriugthgs ofl ¢@yitiggemeh as. ddr exammedd, 3.4k 5abti ve

cavity w W . [ 001011 ..Figure 12 shows a.cross sect,ional viewof, a
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the cross sectional view shown in Figure 12 is another enbodi nent of the

cross sectlp@ifd iInAnghubiale plaseds dngves the opesfingsdn dlec eayitigsguaebd eubsiantialhe

enbodi nment he, Gr .sectijonal view of the proximty head 106-4 includes a
source ir?flg{)wgifgbgﬁfg{léglaeﬁlsl&nput an active agent into the cavity 624. The

active agqo810aqn t hdn oneresRRIsma, aet preQinliSoh&d 1f6-5 Ren Shdsde fuceSinldiace
that is defined by the active cavity 15 wi ndow 624. In addition, the cross

secti onal 3P apply Klig ok iveiarpureesantopureaiuglots 304c and 304d to remove fluid

20 from the wafer surface to generate a fluid meniscus 116¢. The proximity head 106-5 may
also include source inlets 306a and source outlets 304a and 304b may generate the fluid
meniscus 116b substantially surrounding the active region defined by the active cavity
window 624a. The proximity head 106-5 may further include source inlets 306¢ and
source outlets 304e and 304f to generate the fluid meniscus 116b which can substantially

25  surround the active cavity window 624. In one embodiment, the proximity head 106-5
may apply an active agent into the cavities 642a and 642b from the source inlets 640a
and 640b respectively. An exemplary processing surface of the proximity head 106-5 is
discussed in further detail in reference to Figure 15B.

[00105] Figures 14A through 14E illustrate exemplary proximity head structures.

30 It should be appreciated that the active cavity windows in all of the embodiments are
substantially surrounded by conduits that may generate a fluid meniscus substantially

surrounding the active cavity windows.




i ncl udes source inlets 306 and source outlets 304a, 304b, and 304c. In one
enbodi nent, the proximty head 106-4 can apply a fluid through the source
inlets 306 to the surface of the wafer3gto a regi on substantially
surroundi ng the active region. The source outlets 304a, 304b, and 304c can
renove the fluid fromthe surface of the wafer substantially 20 surroundi ng
t he acti vé0tdg] on. TRigsra phhishatvs ancrassdstraped pedximity thead doérayingenedate t he

fluid nmeniscus th an su antlall surround the_acgtive I n such
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view of the proximty head 106-5 is another enbodi ment of the cross section

view as dil¢H#8ked i figué ddPritiesttatesR mlpesham:d proxiaddi hdadrn 062 insdvoatdandse
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20  configured to generate the fluid meniscus 116 around the active cavity window 624.
[00111] Figure 15A shows an exemplary view of a processing surface 700 of the
proximity head 106-3 in accordance with one embodiment of the present invention. In
one embodiment, the processing surface 700 includes the cavity 642 as discussed in
further detail in reference to Figures 10 and 11. The processing surface 700 .may also

25 nclude a region 701 substantially surrounding the openings to the cavity 642 which may
include a plurality of conduits that can generate the fluid meniscus 116 such as, for
example, source inlets 306 and source outlets 304a and 304b as discussed in further detail
in reference to Figures 10 and 11. In one embodiment, the plurality of conduits may
surround the cavity 642. |

30 [00112] Figure 15B illustrates an exemplary view of a processing surface 704 of

- the proximity head 106-5 in accordance with one embodiment of the present invention.

In one embodiment, the processing surface 704 may include the cavities 642a and 642b




15 appreciated that the cavities 642a and 642b may be any suitabl e shape
and may be located in any suitable place as |ong as the openings to the
cavities may be substantially surrounggd by fluid nenisci. [00104] In one
enbodi ment, the proximty head 106-5 can include source inlets 304b to
apply fluid to a wafer surface and source outlets 304c and 304d to renobve
fluid 20 af dooudshd mafreer slelnﬂéneefemngmatneﬁghm 3. f Invaddlithaan) itlsc prox kdiGcheaihe
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The proximty head 10 i ncl ude source 06c an sour ce
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processing surface of the proximty head 106-5 I scussed i n"further
det ai | i n [0} ence Whld:rc}gmnmvehﬁaa l{a@Oaleeﬁ]deErrgndem tbdAs tofirseuerhl frberred

illustrate ex | ary.. pr.ox tur t shoul d be

appr eci at SH‘%Pﬁ‘ﬁ) SI’lelt é’E‘ﬁ é(?ﬂa%%vﬁﬁ ﬁ“%ﬁq “bft ¢ RE BRYbAsAEIE thear e
substanti %lréc)édlﬁgwﬁélehﬁfé@@orBYa&P@ '[yfn% %H%aHra%B{ 9%‘”’1%%51%3\;&1116{15 alf@ﬁio%gus
substantially Surrounding the active cavity ndows. 106] Figure 14A

shows 18 cradditionh ppedutptiasi andteﬁutvelaedtslth&%f i I ladtem‘fdlarmendw thlat tha gresent

embodi nent._ of ..t he se nt| on. one enbodi hent, the,active Vit
wi ndow 624MYeQtipR %Q%Cf?aa@ %ﬁcﬂ Erayens, %dﬁlfwéarawnwﬂovhean&rw {0 e 105- 6

may be cqmﬂugg{eefgwtsglrg%ﬁggﬁ;p@ o iR ihlidtidpmeni scus 116 around the active
cavity w ndow 624. 5 [00107] "Figure 14B illustrates a circular shaped
proxi mty [0dd] 106- #hat is dewedddance with one enbodi ment of the present
invention. In one enbodinment, the active cavity window 624 is a circular
shape. In operation, the proximty head 106-7 may be configured to
generage the fluid nmeniscus 116 around the active cavity w ndow 624.

[ 00108] Figure 14C shows an oval shaped proximty head 106-8 in accordance
10 witThoné enbodi nent of the present invention. In one enbodi nent, the
active cavity w ndow 624 is an oval shape. In operation, the proximty
head 106-8 nmay be configured to generate the fluid nmeniscus 116 around the
active cavity w ndow 624.




[00109] Figure 14D illustrates a strip shaped proximty head 106-9 in
accordance wth one enbodi nent of the present invention. In one
enbodi ment, the active cavity 15 windgy 624 is a strip shape. In
operation, the proximty head 106-9 nay be configured to generate the
fluid meniscus 116 around the active cavity w ndow 624. [00110] Figure 14E
shows a wedge shaped proximty head &9@iifx i n accordance w th one
enbodi nent of the present invention. Tn one enbodinent, the active cavity
wi ndow 624 is 3, wedge HpaReus fbﬁin@_@@rsﬁglaq,ubsﬁak@ cBfpNsiAkt y head 106-10 may be
20 configured to generate the fluid neniscus 116 around the active cavity
wi ndow 624. [ 093dkimity BeddeohBArSH @\Be plax BRI A&t fack BMhefsuBsttcOSRSSIhng
surface 700 of the proximty head 106-3 in accordance w th one enbodi ment
of the pré&sgationnvention. In one enbodi nent, the processing surface 700
includes the cavity 642 as discussed in further detail in reference to
Fi gure8 10 and alPpenfpgoppsedass ol dhesprokiaey rad to aragvity dedingd in} the PIRFENEY r egi on
701 subst i all i i Ngs... CAVI 4 i y
ol ude: a Tt B BERUGEAERO R BRORLARS I bt e RE shita R SN BRRY |
such as, figbuglethempeaingseddr ce inlets 306 and source outlets 304a and 304b
as discussed in further detail 1in reference to Figures 10 and 11. In one
embodi ment, t ha phlisl dficyndfitseanbiélibirticeBy the Pudioig et d eortRvtddyto @éizeratd 0
[00112] Figure 15B illustrates an exenplary view of a processing surface
704 of  t Ry BRNisFYS s gurfos-of thesubstease sapvedipiethe opf@Erbodi ment of the
present invention. |In one enbodinment, the processing surface 704 may
incl ud® the cavities 642a and 642b 31 as discussed in further detail in
reference to Figure 13. In addition, the proximty head . 106-5 may al so
i ncl ude regi ong- 702 AR FOrPLPCEHIing R %ﬁ@%ﬁ%@&ﬁq g glajmgl, wi@mﬁla hehe
openi ng t gyt AVt I 6, and 704 include a plurality
of condui?gﬁ@ﬁgtﬁM%J%&ggﬁgﬁg%%§%%§B?¢%g§mwéﬁ?sci 116a, 116c¢, and 116b. In
one enbodi nent, the plurality of 5 conduits may include source inlets 306a,
306b, and 306c as well as -source outlets 304a, 304b, 304c, 304d, 304e, and
304f as discussed i bl i : : 131
Wiile this inventi OH%B?&E%%%QE ‘?gér’ﬁsl?%f ﬁ?&ﬁtf%?%i“‘é?e@é%% 11’§‘Fhee¥ &{eH??%ed
enbodilfrentpdyrality oficohdubis iaqipdes i pdirelitytdiatletshod e phkalityed outlets.he art upon
reading the preceding specifications and studying the drawings wll
realize various alterations, 10 additions, pernutations and equival ents
thereof. It is therefore intended that the present

4, An apparatus for processing a substrate as recited in claim 1, wherein the

plurality of conduits includes an inlet to apply a fluid to the surface of the substrate and

an outlet to remove the fluid from the surface of the substrate.

20
5. An apparatus for processing a substrate as recited in claim 4, wherein the
fluid is one of & lithographic fluid, an etching fluid, a plating fluid, a cleaning fluid, or a
rinsing fluid.
25 6. An apparatus for processing a substrate as recited in claim 4, wherein the

plurality of conduits further include an additional inlet to apply a surface tension

reducing fluid to the surface of the substrate.




invention includes all such alterations, additions, permnutations, and
equi valents as fall wthin the true spirit and scope of the invention.
[001141 What is clained is: 15 32 CLAI 1. An apparatus for processing a
substrate, conprising: a proximty head configured to be proximate to a
surface of the substrate when in operation; 5 an opening on a surface of
the proximty head 4@ apps@auistiyr setdseRg alsubdthes AreXitdd ih ¥laiMaadhetchetheavi ty
bei ng configured to deliver an active agent to the surface of the substrate
t hr ough t Betivgrmgantrig at laasd one pf wees, ligyidodr woadui t s on the surface of the
proximty head configured to generate a fluid neniscus on the surface of
the substrate surroundi ng the opening. 10 2. An apparatus for processing a
substrate as recited in claim1, wherein the fluid neniscus processes the
surface of theB8substnapparadls fppprapgssingrausybsieate grrrseitesisn sipin s uhstcinthe as
recited in,claim.1 herei n th 15 plurality.of conduits includes a
pl ural typgﬁdﬁﬁgéf%né% S%PYﬂ%?PgFfF§n%¥¥%ﬁFﬁ@¥%¥ 4. An apparatus for
processing a substrate as recited in claim1, wherein the plurality of
conduits includes an inlet to apply a fluid to the surface of the substrate
and an outl et 9? O DN Ba alafs f&' ﬁljog s]cs{ngryshgﬁra%&gsfr%g'?equ c?aqﬁ ls,g}ﬂé}e'l?‘&lg: 20 5.
An apparatus for processing a s BSTTare as recited in & m , erein the
fluid is onétwihclded dthegt amhinkt tonfighredan ighe engtivt ghdintthpkadityng fluid, a
cleaning fluid, or a rinsing fluid. 25 6. An apparatus for processing a
substrate as recited in claim4, wherein the plurality of conduits further
include an additional inlet to apply a surface tension reducing fluid to
the swoface of 10he suinsthodtfer prodessing ARubypey, adniprifing: processi ng a substrate
as recited in claim1l, wherein the

applying an active agent to an active region of a surface of the substrate; and

generating a fluid meniscus on the surface of the substrate with a proximity head,

the fluid meniscus surrounding the active region.

15 11. A method for processing a substrate as recited in claim 10, further

comprising;:

processing the surface of the substrate with the active agent; and

processing the surface of substrate with the fluid meniscus.

20 12. A method for processing a substrate as recited in claim 11, wherein
processing the surface of the substrate with the active agent includes one of an etching
operation, a cleaning operation, a rinsing operation, a plating operation, or a lithography

operation.

25 13. A method for processing a substrate as recited in claim 10, wherein
processing the surface of the substrate with the fluid meniscus includes one of an etching
operation, a cleaning operation, a rinsing operation, a plating operation, a drying

operation, or a lithography operation.




active agent is at |east one of a gas, liquid, or vapor. 8. An apparatus
for processing a substrate as recited in claiml, wherein the 5 plurality
of conduits surrounds the opening to thg cavity. 9. An apparatus for
processing a substrate as recited in claim1l, wherein the cavity includes
at least one inlet configured to input the active gas into the cavity. 10
10. A nethod fof4,pr ac@s®bd Gordbrsseldsihs akbstraRMrbGHel M clBRRN Y] Wikréin active
agent to an active region of 'a surface of the substrate; and generating a
fluid nengewauaiingrthe Aeidsnetfisme insfludel epplyingtar thiié tavbe sudagsradthasubyiraiead, t he

fluid nmeni;scus sur.r.oundi ng the. aciiye. regian. 1 A had, for

br ocesst nitarEyHpIHE LEREIT R il i Mt er it TRbHE Tbfine
processi ngutd@slr f ace of the substrate with the active agent; and
processing the surface of substrate with the fluid neniscus. 20 12. A

met hodsfor processing a substrate as recited in claim1l, wherein
processing the surface of the substrate with the active agent includes one
of an etching pner alineMod Boroire@Riing a QRIRsatd RRecidlih BRiMNJ40pB¢ralnitn, a

pl ating operation, or a lithography operation. 25 13. A nethod, for

pr ocessi ndluil isgpe pf allﬂlogéaph@cf?mécﬁm atchingilwdioplatipg fleidaa clsppivs diidagr & he
surface o%ngiplgﬂ%ycpstrate with the fluid neniscus includes one of an etching
operation, a tleaning operation, a rinsing operation, a plating operation,

a drying operation, or a lithography operation. 34 14. A nethod for
processing a substrate as recited in claim11l, wherein generating the
fluid ni scus qncl i |, uj S U ubstrate
throudh & f1ui ot nl ot e resdRshnk pdb bt b 2R 1o, hRGeR L

subst r at e geiuraiigitha fluid mesisaudtfhelier ifclddes applyitighmdchdtinionplr e ssibeguidace
substrate as recited in claim14, wherein the fluid is one of a.

i t hogr ap®f thersphitepte Broushemiadgditionsl; iplet shgadditiong! flpidihgnezn QrBSHISAYOR| ui d, or
a rinsi ng%d]ulcm' ¢y, d0 16. A nethod for processing a substrate as recited in
claim13, &ré&in

15 17. A method for processing a substrate as recited in claim 14, wherein
removing the fluid includes siphoning the fluid to a container that is lower in elevation

than the proximity head.

18. A method for processing a substrate as recited in claim 10, wherein the
20 active region is defined by an opening on the surface of the substrate, the opening being

to a cavity defined within the proximity head.

19. A method for processing a substrate, comprising:
generating a first fluid meniscus on a surface of the substrate; and

25 generating a second fluid meniscus on the surface of the substrate, the second
fluid meniscus being adjacent to the first fluid meniscus, the generating the first fluid
meniscus and the second fluid meniscus includes siphoning at least the first fluid from

the first fluid meniscus.




generating the fluid meniscus further includes applying an additional fluid
to the surface of the substrate through an additional inlet, the
additional fluid being a surface tensigg reducing fluid. 15 17. A method
for processing a substrate as recited in claim 14, wherein renoving the
fluid includes siphoning the fluid to a container that is lower in

el evation thanot he Apmethed thyr tt@@dtssﬂ-% substPiRd hQdrebREd RROAGDS WY Whereist rat e
as recited in claim10, wherein the 0 active region is defined by an
openi ng oBiphpring dngludes smoving stulsestr the dirst fleidofyemi thg swefaery of tthe subsaetet y
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substrate; and 25 generating a second fluid nmeniscus on the surface of the
substrate, the second fluid neniscus being adjacent to the first fluid
meni scus, the eneratln%qthe first fluid neniscus and the second fluid
meni scs i ncl u qégfoatprp@ésmg tsHbstrate 8% reditgfl dnfdlem 20hwhereinsther | ui d
meni scus. s recited in claiml19,
wher ei n silig lﬁtﬁecrbﬁﬂ hapétlreg%\%%?e {%}9 h%égfeagﬁa]fﬁe@tfiﬁ\?gt fluid fromthe
surface of the substrate through a tube to a container that is lower in
el evation than the proximty head. 5 22 A nethod for processing substrate
as recited in ¢laim 20, V\/Herel n the i phoning is started by charging the
tube with the &8 |eé‘stlethi0 dor Hrptﬁsamgzebstw%sétrﬁett drig clayp2Oe WaEIeH WEHHEEr at e
as recite erein the tube is charged by a vacuum 10 24. A
nmet hod fo?s%ﬂraggg ?n%ggﬁ‘)éks]trate as recited in claim19, wherein the first
fluid niscus is self regulating. 25. A nethod for processing substrate,
conprising: 15 applying a fluid onto a surface of a substrate si phoni ng
at |least the fI |d from.,t Hgbsurface of the substrate novi {belng

processed j ust 2 s t hemFihg ]iIsmﬁﬁﬁllngéﬂbstt‘@tetaﬁem%‘ﬁﬁdﬂa&eal@f F‘i" C&tlb
wher ei n t b PRRhYLRGs &l iiBtiRgMOVving forms a fluid meniscus.

25. A method for processing substrate, comprising:
15 applying a fluid onto a surface of a substrate;

siphoning at least the fluid from the surface of the substrate, the removing being

processed just as the fluid is applied to the surface of the substrate;

wherein the applying and the removing forms a fluid meniscus.

20 26. A method for processing substrate as recited in claim 25, wherein
- siphoning includes removing the fluid from the surface of the substrate through a tube to

a container that is lower in elevation than the proximity head.

27. A method for processing substrate as recited in claim 25, wherein the fluid

25  is asingle phase fluid.

28. A method for processing substrate as recited in claim 25, wherein the

siphoning is started by charging the tube with liquid.




20 26. A nethod for processing substrate as recited in claim25, wherein

si phoni ng includes renoving the fluid fromthe surface of the substrate
through a tube to a container that isggower in elevation than the
proximty head. 27. A method for processing substrate as recited in claim
25, wherein the fluid 25 is a single phase fluid. 28. A nmethod for
processi ng substrate as recited in claim?25, wherein the siphoning is
started by charging the tube with liquid. 36 29. A nethod for processing
substrate as roglt eoh mBiheh T Bralessit ShRhlid diGe{itn clafm 0BAGAEL e Arpcacuum
5 30. A nethod for processing substrfate as recited in claim19, wherein the
fluid mem degediby aselcfiumegul ating. 31. A proximty head for processing a
substrate, conprising: at least one first conduit defined within the
proximty head, the at |least one 10 conduit configured to apply a fluid to
a surface of the substrate; and at |east one second conduit defined wthin
the proximty hgad, A fhethdl fc')ﬂ%éessﬁ@@ub%@rﬁfé% 6 h ElaBR 119 9whdteinl tBS Buid
proximty to the at | east one first conduit, the at |least one second
condui t beienipceoisiseljoesuthting. si phon t he fluid fromthe surface of the wafer:
wherein application of the fluid to the surface of the substrate and 15

si phoning of the fluid fromthe surface of the substrate generates a fluid
meni scus. 32. A proximty head for processing a substrate as recited in

claim 31, further kirgity"Beaddbr préacbing A&ubdtiatd] c6! Pﬂsmg defined within
the proximty head, the at |east one 20 condU|t configured to apply an

addi ti onal fdetot e substrate ) I, head.fo rQcessing a
Substrate as rect od FRstaa T Senduicgesies R Ms aerirgnars ol 4 st ot
surf agg t%ﬂﬁdﬁfbcfnﬁgtﬂ&ﬁ@&aﬁf)ﬁlth}m@@ Brfabe BF t‘%'sﬁ‘EsTtﬁéteh§1f’i’(fi for processing a
substrate as recitéd in claim31l, wherein the flurd is a single phase

fluid. 37 35. A proxi FhitbnB8adnl @bndiCERed Rethh t%h'?ﬁkﬁﬁ{t? hesd, KIRCAtl&d: i n
claim 31, wherein the second conduit is attached to a siphon tube.
one second conduit being in close proximity to the at least one first conduit, the at least

one second conduit being configured to siphon the fluid from the surface of the wafer;

wherein application of the fluid to the surface of the substrate and

15  siphoning of the fluid from the surface of the substrate generates a fluid meniscus.

32. A proximity head for processing a substrate as recited in claim 31, further

comprising,

at least one third conduit defined within the proximity head, the at least one

20 conduit configured to apply an additional fluid to the substrate.

33. A proximity head for processing a substrate as recited in claim 31,

wherem the additional fluid is a surface tension reducing fluid.

25 34. A proximity head for processing a substrate as recited in claim 31,

wherein the fluid is a single phase fluid.




36. A proximty head for processing a substrate as recited in claim31, 5
wherein the siphon tube includes a restrictor for adjusting fluid flow
through the siphon tube. ' 37

35. A proximity head for processing a substrate as recited in claim 31,

wherein the second conduit is attached to a siphon tube.

36. A proximity head for processing a substrate as recited in claim 31,
5  wherein the siphon tube includes a restrictor for adjusting fluid flow through the siphon
tube.




