1 SUBSTRATE MEN SCUS | NTERFACE AND METHODS FOR OPERATI ON 5 BACKGROUND OF
THE INVENTION 1. Field of the Invention [0001] The present invention

rel ates to seni conductor wafer processing and, nore 10 particularly, to
appar atuses and techniques for nore efficiently applying and renoving
fluids fromwafer surfaces while reducipg contam nati on and decreasing
wafer cleaning cost. 2. Description of the Related Art [0002] In the

sem conductor chip fabrication process, it is well-known that there is a
need 15 to process a wafer usm%ﬂS erations such as tchln%DScleanlng,

drying, and PUEABSARANE MUENISE TERFACH AJSEX Bs are
typically either applied or rennvggﬁéﬁiégﬁgpﬂetching, cl eani ng, drylng, and
pl ati ng processes. [0003] For exa cl eaning may have to be
conducted where a fabrication operation has been perforned that |eaves
unwant ed resi dues on the surfaces of wafers. 20 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
in a holder which pushes a wafer surface against a rolling belt polisher.
This belt polisher wuses a slurry which consists of chem cals and abrasive
materials to cause the polishing. Unfortunately, this process tends to

| eave an accunul ati on of sBUORGIEROUNDCHETHINVESTIMES 25 at the wafer
surface. If left on the wafer, the unwanted residual material and particles
may cause, qﬂBﬂQﬁ?ﬁ@ﬂ{ehpbﬂgs defects such as scratches on the wafer
surface and I nappropriate interactions between netallization features. In
sone caseg00Eydmedgleest SinvépnCalkees de\keee®naictbhevatal proctRingeaadremore

i noperable. In order to avoid the undue costs of discarding wafers having
i noperl@bl @agiwiaElys o pppaduieR andfterhaiqves dersaete eldiciantly rpphinggdapmaving
adequat el t rat. nt ed
el dues. @Xf 0@%&]%&'@&}&%@?% %&Qf c%n{a%ﬁ{lﬁp% d %@?etag]lﬁgﬁvaff&ac‘{ o
dried effeegltively to prevent water or cleaning f|UId remmant s fron1|eaV|ng
residues on the wafer. If the cleaning fluid

2. Description of the Related Art

[0002] In the semiconductor chip fabrication process, it is well-known that there is a need
15 to process a wafer using operations such as etching, cleaning, drying, and plating. In each
of these types of operations, liquids are typically either applied or removed for the
etching, cleaning, drying, and plating processes.
[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.
20  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 belt polisher. This belt polisher
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
25 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 fo become inoperable. In order to avoid the undue costs
of discarding wafers having inoperable devices, it is therefore necessary to clean the

30 walfer adequately yet efficiently after fabrication operations that leave unwanted residues.




on the wafer surface is allowed to evaporate, as usually happens when
droplets form residues or contam nants previously dissolved in the
cleaning fluid will remain on the 5 wafer surface after evaporation (e.g.,
and form spots). To prevent evaporation from taking place, the cleaning
fluid nust be renoved as quickly as possible without the formation of
droplets on the wafer surface. In an attenpt to acconplish this, one of
several different drying techni ques are enployed such as spin drying, |PA
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successf ul e preventi novi ng Iqu terface breakdown.
pulled from the center of the wafer to the outside of the wafer and finally off of the wafer

as shown by fluid directional arrows 16. As the cleaning fluid is being pulled off of the
20 wafer, a moving liquid/gas interface 12 is created at the center of the wafer and moves to
the outside of the wafer (i.c., 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 cleaning
25  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 decreases. As stated previously, if the moving liquid/gas
interface 12 breaks down, droplets of the cleaning fluid form on the wafer and
contamination may occur due to evaporation of the droplets. As such, it is imperative that
30  droplet formation and the subsequent evaporation be limited to keep contaminants off of

the wafer surface. Unfortunately, the present drying methods are only partially



[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 repel water and water based (aqueous)

cl eaning solutions. Therefore, as the drying 5 process continues and the
cleaning fluid is pulled away fromthe svafer surface, the remaining
cleaning fluid (if aqueous based) wll be repelled by the wafer surface. As
a result, the aqueous cleaning fluid wll want the | east amount of area to
be in contact
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operations such as cleaning, etching, ating, there are al so problens

with appl yifspld ashee rdshilli add'ssurfac msmf(eue_ aausoh reenib\;qf ngolbcdaldbydrggﬂnf bandingie

waf er efficient mapner t ecr.eases con nat i.on and inc ses

vt or 100 ShgRerprss bETsaar dic, PuOPRIRS e oo Bl S rBE AB o ey 1

appar at US érgﬁlEtsﬁUpéﬁéoﬁé@eﬁﬁﬂQflmﬁrﬂorm?}ﬁ ghakbhRenQPhme od thé H&cﬁoﬂﬁiﬁﬁgemnt

and application to waf er that reduces contam nating deposits on the
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the wafer surface especially when used on hydrophobic wafer surfaces.
[0007] Additionally, in other wafer processing operations such as cleaning, etching, and
plating, there are also problems with applying the fluids to the wafer and removing {luids

20 from the wafer in an efficient manner that decreases contamination and increases wafer
yield.
[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

25  the yield of acceptable wafers and increase the cost of manufacturing semiconductor

wafers.

SUMMARY OF THE INVENTION

[6009] Broadly speaking, the present invention fills these needs by providing a substrate
processing (e.g., drying, cleaning, etching, plating, etc.) apparatus that is capable of

30  managing fluids on wafer surfaces while at the same time reducing wafer contamination.




i ncluding as a process, an apparatus, a system a device or a nethod.
Several inventive enbodinents of the present invention are described

bel ow. [0010] In one enbodi nent, an apparatus for processing a substrate
with a fluid neniscus 5 to be applied to a surface of the substrate is
provi ded which includes a docking surfage configured to be placed adjacent
to an edge of the substrate where the docking surface is in the sane pl ane
as the substrate. The docking surface provides a transition interface to

al l ow t he |UI meni scu d_exj.t th surfa te.
foota] 1 n AT Rar e BTk Bres Bl SnEblibn oS Y GG R PRB IR,
substr at e jhGudidP aPbPrbctesl hipphrahACh Y6kesin 2 BOHROH: MBRETIINESHORT Igufiged t 0
hol d a docki ng Station for a prOX|n1ty head where the coupon magazine is

conf i gur e¢ndwdinmntsioidhe prgsett arvconon grelesatibed belpivace adjacent to an edge of

th bst 0012] . | th
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subst anti ablhy HAREARAY sirPacd o?lma tﬁtﬁﬁaesy bfAsEd WRicNRRMRIck Reddck R St @
surface being adjacent to an edge of the substrate. The nethod turther

i ncl udes reoufigyed td bapldeerbadjancustolrst adge 0of thessubsteats ivhiexsrthe dedlang sufige ishe

substrate urfac 001 Th s of the sent i nvent ar e
or oas. RO S Al Tk e e, D B N A B e b et
efficient |a‘>1'10WtH§ﬁ§.§1 theliSR8 to Mt anfte& it thddiiage oML sutkdakt her suitable type
of wafer processing that involves optimal managenment of fluid application

and/ or rentVHI] Iﬁrymmatlh‘étemﬁfbndmmm xonppacitos foafigr invpidcessiter s ciuhgrateimmvant ed
fluids and ca nant s remai ni ng on a. wafer. surface n equentl -~ waf er
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i nvention ‘enabl és the i nproved processing th h the use of vacuum fluid

renoval |qﬂmmmﬁum@nn@anwﬁgdnmmﬁnnbmmnag fluid input that may be applied
t hr ough dule ma d which is configurable in . any one

of numero 383&133113%&%{?%5 e rit Etcrtlwf&%r REPGFS @ SEPSURYT & RRANICER VEic
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surface by t orenen i one orces ena app I cation and/ or
r enovadls ofwttdreuthb atinditien warffee tsing adjacont tih aa &lgsianhé isabsitata. edhe tuethod n
remai ni ng Cogéraim:lggetzsl rggwgg aCﬂO n&)glreggcsl,g l:Eertlwgetnhtlelg tl‘glrlscl)g(?l;s ssdr?a%e and the substrate
surface.
[0013] The advantages of the present invention are numerous. Most notably, the
apparatuses and methods described herein efficiently process (clean, dry, etch, plate, and

20  other suitable type of wafer processing that involves optimal management of fluid
application and/or removal from the wafer) semiconductor wafer while reducing
unwanted fluids and contaminants remaining on a wafer surface. Consequently, wafer
processing and production may be increased and higher wafer yields may be achieved due
to efficient wafer processing.

25  [0014] The present invention enables the improved processing through the use of vacuum
fluid removal in conjunction with processing fluid input that may be applied through
usage of a multi-module manifold which is configurable in any one of numerous ways
through the interchanging of one or more manifold sections.

[0015] The pressures generated on a fluid film at the wafer surface by the aforementioned

30  forces enable optimal application and/or removal of fluid at the wafer surface with a



techniques. In addition, the present invention may utilize application of
an i sopropyl alcohol (IPA) vapor and processing fluid towards a wafer
surface along with generation of a vacuum near the wafer surface at
substantially the sane tine. This enables both the 5 generation and
intelligent control of a neniscus and t&e reduction of fluid surface
tension along a processing fluid interface and therefore enabl es optinal
application and/or renoval of fluids fromthe wafer surface wthout
| eavi ng cont amm nants. .The neni scus enerated by input of |PA processing
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utilized to ectively hold an position a docking station. The docking
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aspects and advanfages of the pr esgnt 1| nvention wll bectone apparent from
20 t he f olshdwiengf toketvafel edprdesss thiepvafan, taken in conjunction with the

acco nyi rawi ngs, .illustrating by way of exanple t ri_ngi p] es. of
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descri pt i emulbhickewnff eudneesonulner thk Slutte siegieisegdnickacedstyr the tpusdmitgl hend(e) S.
[0019] Figure 1 iIIustrg%@E movenent of c¢leaning_ fluids on a wafer during

an SRD dr yFhBOVEY SESE O B ZMcrrglars handedrigsstalionamay PRriteed 810898t em i n
accor dance w0 e GIPRAIHERkLisAls. hcf‘zﬁfé rt%érgf&}ikﬂ}éﬁ&hg%niéigs L&Qﬁ%—}. ﬁl gure
2B illustrates an exenplary proximty head docking opg&ration using the 6
docki Ag stadtlition, the copai dapsdnsvrial berieveabad ihue die ddckingestgiodsentbd mudnt i on.

substantially coplanar with the wafer being processed. Therefore, the coupon magazine

may be uvtilized in any suitable wafer processing operation using the fluid meniscus. In

this fashion, wafer processing can be intelligently enhanced and optimized.

[0017] Other aspects and advantages of the present invention will become apparent from

20 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

{0018] The present invention will be readily understood by the following detailed

description in conjunction with the accompanying drawings. To facilitate this
25 description, like reference numerals designate like structural elements.

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

process.

[0020] Figure 2A shows a wafer processing system in accordance with one embodiment

of the present invention.

30 [0021] Figure 2B illustrates an exemplary proximity head docking operation using the




[ 0022] Figure 2C shows a neniscus traveling off of the wafer onto the
docking station in accordance with one enbodi nent of the present
invention. [0023] Figure 3 illustrates a close up view of the system

wi t hout sone of the components 5 to show a better view of the coupon
magazi ne in accordance with one enbodi ngnt of the present invention.
[0024] Figure 4 depicts a nore detailed view of the couple nmagazine with a
portion of the proxinity head show ng inIets and outlets i n accordance

wi th one dlrret 0 esent 5 | ure 5 shows the
coupon rraglnglflﬂ%s ?fhalﬁ“?ﬁan‘% et%m%gi A" Orﬁtha?cpcr i ﬁlﬁlc% 0\% th one

embodi mentjo@¥z] H&rPLeSBBks @N&u”ﬁcb@f}aveﬂﬂ@ 28t offth® Wakr OnB¥Eoekih@Batidiei Of

the coupon magazine in accordance with one enbodi ment of the present

i nvent i on.ac¢@d&ict wHihguneenibodhmoams obihelpessent ingentieshani sm | ocated in the
coupon na accordance w.th e enbodi of t pr esent
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accor dance, Whdw a @RRer R A T mhaBe iR BSRArah PSSR b erhWIZAbntirany € 9
illustrates the bottom portion of t hé coupon magazi ne in accordance wth
one enbodlpmﬁnntmfrerttlloe present invention. 20 [0030] Figure 10 shows a wafer

processin ccordance, wi.t one nt of t pr esent

i nvent i ong{ ﬁ%@ %urﬁl Pists e Are drefat‘x@g P’éﬁ"‘ég ’fﬁag%rZHP‘Fe‘é{ggBé’Pﬁt?Prﬂfn}be a
waf er pr 0 }EHB. rs%{v inkdls Qﬁ&%@@cé‘% a\%&r@aﬂ&@%ﬁﬁ%ﬁéﬂeﬂﬁ;ﬂ&m@‘m bhehe
pr esent vent 0032 Igure 11B shows a top view of a portion of a

pr oxi m tyﬁnmdtmmemmuordance with 25 one enbodi nent of the present

invention. [0033] Figure 11C illustrates an inlets/outlets pattern of a
proxi Moty | Hﬁ%ﬁi Figuzcce 8haysh COWCt“hmB%?élr@r?{é’él%ﬁ“FrélFﬁprBf‘mPWeh‘??ldgé‘eﬁ%co’fqW%t| on.

[0034] Fi %‘El‘?or&:]é?nﬁddlxﬁiérﬁ]tro‘i’ft&?épr at hetnddpl ets/outlets pattern of a proximty
anc

head in accor one ‘e odlnent of the present invention. 30 [0035]
Fi gure 11H002d]Usgurat®shawd ur topeviewndetis/ catpbetmagaineemna@brdanps ewithmbbey head
in 7 accorecliﬁ)rg(:hemg}nltto?th%rbeeseegg)lggénr{%gt of the present invention.
[0027] Figure 7 shows an leveling mechanism located in the coupon magazine in
15  accordance with one embodiment of the present invention.
[0028] Figure 8 shows the top portion of the coupon magazine in accordance with one
embodiment of the present invention.
[0029] Figure 9 illustrates the bottom portion of the coupon magazine in accordance with
onc embodiment of the present invention.
20 [0030] Figure 10 shows a wafer processing system in accordance with one embodiment
of the present invention.
[0031] Figure 11A illustrates .a proximity head performing a wafer processing operation
in accordance with one embodiment of the present invention.
[0032] Figure 11B shows a top view of a portion of a proximity head in accordance with
25  one embodiment of the present invention.
[0033] Figure 11C illustrates an inlets/outlets pattern of a proximity head in accordance
with one embodiment of the present invention.
[0034] Figure 11D illustrates another inlets/outlets pattern of a proximity head in

accordance with one embodiment of the present invention.

30 [0035] Figure 11E illustrates a further inlets/outlets pattern of a proximity head in




DETAI LED DESCRI PTI ON [ 00361 An invention for nethods and apparatuses for
processing a substrate is disclosed. 1In the follow ng description,
nunerous specific details are set forth in order to provide a 5 thorough
under standi ng of the present invention. It wll be understood, however, by
one of ordinary skill in the art, that 4he present invention may be
practiced without sonme or all of these specific details. hi other

i nstances, well known process operations have not been described in detai
in order not to unn cessarihﬁ?%gafﬁre t he pre ent invention. [00371 Wiile
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configuration enabl e nmoverien roximty
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of the wafvithin @e @lpirit@asboReAthe@vERAL S may be utilized such as, for
exanple, in a radial nmotion, in a circular notion, in a spiral notion, in a
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meniscus. In one embodiment, the technology utilized herein may be known as a
meniscus vacuum IPA vapor (MVIV) technology. This technology may be utilized to
perform any suitable type of wafer operation such as, for example, meniscus vacuum IPA
20 vapor drying (MVIVD), meniscus vacuum IPA vapor cleaning (MVIVC), meniscus
vacuum IPA vapor etching (MVIVE), meniscus vacuum IPA vapor plating (MVIVP), etc.
It should be appreciated that the system is exemplary, and that any other suitable type of
configuration that would enable movement of the proximity head(s) into close proximity
to the wafer may be utilized. In the embodiments shown, the proximity head(s) may
25 move in a linear fashion from a center 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, 1 a radial motion, in a circular motion, in a spiral motion, in a zig-zag motion,

30  in a random motion, etc. In addition, the motion may also be any suitable specified



rotated and the proximty head noved in a |inear fashion so the proximty
head may process all portions of the wafer. It should al so be understood

t hat ot her enbodinents may be utilized where the wafer is not rotated but
the proximty head is configured to 5 nove over the wafer in a fashion that
enabl es processing of all portions of tge wafer. In addition, the

proxi mty head and the wafer processing system as described herein nay be
utilized to process any shape and size of substrates such as for exanple,

200 mm waf er.s 3 wafers, flat.p s, .etc. The..pr Si tem may
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configuration of the system [0039] A fluid meniscus can be supported and
moved (e. grqcesmald posions of thendaer disshonld aled be yndgrsthod thst @t&leﬁietrgoqii@wts As
descri bed herein.a
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havi ng the docking station substantially coplanar with the wafer, the fluid
20 meni scuer aey switabde procesingofedd., phtngwadteingndedee drpingsecles ot tbiwatey

intact. [0040],. Figure 2A. shows waf er processing system 100 i n accordance
with dfle qaﬁﬂ%ﬁaéhﬂWG?ﬁﬁﬁgmﬁFﬁgg% Sylsﬁ’ygntion. The system 100 i ncl udes
rollers 1q3aand f2honeis BalBy sifcheanddhot@l (e, anvebarot maeaahhe, vafer

surfaces to be processed. e system 100 al so i nhcludes proximty heads
106a and Oghr)twitlt p proxioney lematodhsrdercribat berzih atcveminedagaimnmapbeld amdn 104a

and to a | ower ar 04b respectively. The proximt e an
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proximty heads, 106a and 106b in_a 30 suitabl e user defined novenent.
[0041] In sy OO FEtTasenr 1 4“18?1@0‘{?6Hft¥3{j§rt SO AYIRACPREIBRT ity

head 106a s?ability. The coupon magazine may also be configured to level the docking station so
that the docking station is substantially level (or coplanar) with the wafer being
processed. By having the docking station substantially coplanar with the wafer, the fluid
20  meniscus may move on (or off) the wafer and keep meniscus stability intact.
[0040] Figure 2A shows a wafer processing system 100 in accordance with one
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
25  attached to an upper arm 104a and to a lower arm 104b respectively. The proximity head
may be any suitable apparatus that may generate a fluid meniscus. The upper arm 104a
and the lower arm 104b can be part of an assembly which enables substantially linear
movement of the proximity heads 106a and 106b along a radius of the wafer. In vet
another embodiment, the assembly may move the proximity heads 106a and 106b in any
30  suitable user defined movement.

[0041] In one embodiment the arms 104 are configured to hold the proximity head 106a




above the wafer and the proximty head 106b bel ow the wafer in close
proximty to the wafer. For exanple, in one exenplary enbodi nent this may
be acconplished by having the upper arm 104a and the | ower arm 104b be
novable in a vertical manner so once the proximty heads are noved
horizontally into a location to start wafer processing, the 5 proximty
heads 106a and 106b can be noved vertically to a position in close
proximty to the mafer I n anot her embodi ment, the upper arn1104a and the

| over arm, 04b ha % afer andt prlr ﬁ‘g hegd %6% Bel&v@%gg’ggée tc}IOSQ ?@@ agnd
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and 106 be noved onto the wa surface to be processed 10 from an edge
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processed to unprocessed portions of the wafer. It should be appreciated
t hat tlde aﬁhn'sldlzﬂm haynterstood divt eclose pmym;m maplbe anyeswieble tdigian o tepabl e

nmovemnment of EFOXInltﬁ heads 106a. ? 1Q6Db toﬁ% &ces the0 ﬁﬁbﬁ% gs
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shoul d be wunderstood that although the mafer processing system 100 is
shown wi t Hotdted pewsemiabgut 0.1 mm to about 10 mm from the wafer to generate the fluid
meniscus on the wafer surface. In a preferable embodiment, the proximity heads 106a
20 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 meniscus on the wafer
sﬁrface, and in more preferable embodiment, the proximity heads 106a and 106b (as well
as any other proximity head described herein) may be located about 1.50 mm from the
wafer to generate the fluid meniscus on the wafer surface.
25  [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
- the wafer. It should be appreciated that the arms 104 may be movable in any suitable
manner that would enable movement of the proximity heads 106a and 106b to process the
wafer as desired. In one embodiment, the arms 104 may be motivated by a motor to

30 move the proximity head 106a and 106b along the surface of the wafer. It should be

understood that although the wafer processing system 100 is shown with the proximity



10 heads 106a and 106b, that any suitable nunber of proximty heads may be
utilized such as, for exanple, 1, 2, 3, 4, 5 6, etc. The proximty heads
106a and/or 106b of the wafer processing system 100 nay al so be any
suitabl e size or shape as shown by, for exanple, any of the proximty
heads as descri bed herein. The differengp configurations described 5 herein
generate a fluid neniscus between the proximty head and the wafer. The
fluid neniscus may be noved across the wafer to process the wafer by

applying f ot sur face an re V|n flui.ds fromth face.
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The waf er siff8cawithbeafeebrbathdhe op atabeland thivebatohl srficd 02kearnderl02b in any
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not been process Into close’proxXi
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
20 meniscus 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. |
[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
25  close proximity to a portion of the wafer 108 that is to be processed. In one embodiment,
the rollers 102a and 102b can rotate in a clockwise direction to rotate the wafer 108 in a
counterclockwise direction. It should be understood that the rollers may be rotated in
either a clockwise or a counterclockwise direction depending on the wafer rotation
desired. In one embodiment, the rotation imparted on the wafer 108 by the rollers 102a
30 and 102b serves to move a wafer area that has not been processed into close proximity to

the proximity heads 106a and 106b. However, the rotation itself does not dry the wafer or




the proximty heads 106a and 106b. However, the rotation itself does not
dry the wafer or 11 nove fluid on the wafer surfaces towards the edge of
the wafer. Therefore, in an exenplary wafer processing operation, the
unprocessed areas of the wafer would be presented to the proximty heads
106a and 106b through both the linear mgtion of the proximty heads 106a
and 106b and through the rotation of the wafer 108. The wafer 5 processing
operation itself may be conducted by at | east one of the proximty heads.
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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
20  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. It should be appreciated that any suitable alcohol
vapor may contain any suitable types of alcohols. It should be appreciated that the any
suitable alcohol can be any suitable carbon-based chemical with a hydroxy group attached
25  to asaturated carbon atom.
[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
by using a fluid meniscus with processing fluid and proximity head configured for
30 plating. In addition, other types of solutions may be inputted into the first inlet and the

second inlet depending on the processing operation desired.




30 plating. In addition, other types of solutions may be inputted into the
first inlet and the second inlet depending on the processing operation
desired. 12 [00471 It should be appreciated that the inlets and outlets

| ocated on a face of the proximty head may be in any suitable
configuration as long as a stable neniggus as described herein maybe
utilized. In one enbodi nent, the at | east one N2/IPA vapor inlet may be
adj acent to the at | east one vacuumoutlet which is in turn adjacent to the

at | east one_pr.oc ing fluid inlet to forman, |PA-vacuum pr.ocessjng
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the top syré@esng fluid orientation may be varied depending on the application. For example,
the distance between the IPA input, vacuum, and processing fluid input locations may be
20 varied so the distances are consistent or so the distances are inconsistent. In addition, the
distances between the IPA input, vacuum, and processing fluid output may differ in
magnitude depending on the size, shape, and configuration of the proximity head 106a
and the desired size of a process meniscus (i.e., meniscus shape and size). In addition,
exemplary IPA-vacuum-processing fluid orientation may be found as referenced herein.
25  [0048] In one embodiment, the proximity heads 106a and 106b may be positioned in
close proximity to a top surface and a bottom surface respectively of the wafer 108 and
may utilize the [PA and DIW inlets and a vacuum outlet(s) to generate wafer processing
meniscuses in contact with the wafer 108 which are capable of processing the top surface
and the bottom surface of the wafer 108. The wafer processing meniscus may be

30  generated in accordance with the descriptions in reference to Applications referenced

above. At substantially the same time the IPA and the processing fluid is inputted, a




and the bottom surface of the wafer 108. The wafer processing nmeni scus may
be 30 generated in accordance with the descriptions in reference to
Applications referenced above. At substantially the sanme tinme the | PA and
the processing fluid is inputted, a 13 vacuum may be applied in cl ose
proximty to the wafer surface to renoyg the | PA vapor, the processing
fluid, and/or the fluids that may be on the wafer surface. It should be
appreciated that although IPAis utilized in the exenplary enbodi nent, any

other suitable type of.vapor may be.utilized. such as for exa e
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the systemdiulnel e b SRMRIAdRIPK (81 AGBIRHAERSE tolPu® chdRidT0 sl f ace
of a wafer processing asse y. I'n one enbodi nent, coupoh assenbly 126

i ncl udes aecoowplod fhuid) fvime rd@dn aeidveew thepwrfer dO8 2AR a phnecutaypoxinaysead] y 126

T e
proximty agtg?‘ﬁpa}@%rgﬂ&ign@tgﬁgad'n a preferable enbodi nent, when the

docki ng st 120 1s not stantially coplanar with the wafer 20 pl ane,
t he docki @049 athcdhid 2@niveys ey Belhisstdon Yartdif)af tieehfengt aeaizani g waelsr

di scussed in further detail in reference to Figure .7) so_the fer 108 is
subst ant i di%By F@bﬁplélﬁa?mwuﬁﬁem@%aatyem?éw%tﬂomrb%e prARhey f e wHE Weki ng

station - f r : n,t i C by
the. proxi rery g W Sl 1B IRAIRC, Cfrle ThARERE, 1R} BT DHAL %6
surfadé asutdescol hedalien pratetdingy agkeinbiy. i onef @rieridraeitp chiygur ess2Bblyl 126houl d
be 25 appreciated that the docking station 120 _as described herein may be
made fromiBfydesa Rk BagazeolIHi qﬂ%&%ﬁ@@r@fla}ﬁ% Ues cupor seraRiymIbanayiar ¢ 2,
ceramc, i . i i g .suUr : : fluid
cer an ¢, ﬁoggg%gggogg@gg%c AL 3kligh 1B RRYSui Gk RAIRAHAGE siifantilgy

planar to a wafer plane and between the proximity heads 106a and 106b. In a preferable

embodiment, when the docking station 120 is not substantially coplanar with the wafer
20 plane, the docking station 120 may be adjusted with a leveling mechanism (as discussed
in further detail in reference to Figure 7) so the wafer 108 is substantially coplanar with
the docking station. Therefore, the docking station may emulate a wafer surface when the
process being conducted by the proximity head 106 is ending and transitioming off of the
wafer surface as described in further detail in reference to Figure 2B. It should be
25  appreciated that the docking station 120 as described herein may be made from any
suitable hydrophilic material such as, for example, quartz, ceramic, etc. The docking
station may have a docking surface for the fluid meniscus that is adjacent to an edge of
the substrate where the docking surface is in the same plane as the substrate. The
docking surface of the docking station may provide a transition interface to allow the
30  fluid meniscus to enter and exit the surface of the substrate. In one embodiment, the

docking surface has a radial contour that matches a redial contour of the substrate. As a




t he substrate where the docking surface is in the sane plane as the
substrate. The docking surface of the docking station may provide a
transition interface to allow the 30 fluid neniscus to enter and exit the
surface of the substrate. In one enbodinment, the docking surface has a
radi al contour that matches a redial cqgtour of the substrate. As a 14
result, the docking surface may provide a transition interface for a fluid
meni scus of the proximty head Therefore, by providing a substantially

continuous si.nmyl af e waf er. surface, ., the neniscus.that is . .tiransit.LQapRi onto
or of 1 of TN ThEra kNG S HAS PanIYId BRI OBRORCT o kit g s 3D PC,
that the Wﬁﬁt?%siﬁ'{?%@foﬂeg @g'ﬁ?&/kﬂﬁg desh@nediytéiindoudsimRRed Whfer butfeat to

securely hold and level a substrate of regular or irregular geonetric
shape in dhsmanisossiod i romitfoningmmee essff nfjthatverferd8 mepyt temapy $34len t y head

t echnol dditjon, th i 126 be. utjli i th
sui bl o P Tk b Soespre T e Evveagne Portot e PsHERg: " dan ng,
dryings plsgtdifigint€iiCto dLRRH hdil MACIAIDL LiHTRA: oft REUIEP UP Ye i dgtoiRIrb26 i1 S

attached to a coupon nagazi'ne 10 nount 128. In one enbodi ment, the coupon
magazi ne BRfpeainch sthec poupon forggacissieg wheunising2Be peoximiy haadvechisologit olpon

magazi ne assenbly. [0052] Figur B illustrates.an exe r roximty head
ook ng. opRREP oty SRHE BB PP Ch B S0 HoASURP BaeR it Aehne
enbodi menty,0faibRSudd £SRR bxdYE Ry, clEAfing ARGHLNBlagtAkicon 120 may include a

surface 120a that may’ sinulate an are curvaturé€ 108a 15 so that a meniscus
fornmed on [06& Mafoar et®8dimmeont.tthavelpoafhagnaine 120as doadheddo st@tponmbgine

wi t hout a breakd in the negniscus. I n one exenplary enbodi ment, the

proxi it y TREEHY 128 ainafy BRbHEvER: ?heo?ﬁugo?d&ﬁa%ﬁ_lil%%&rt HEUR BPEYTE to a
| ocati on %%}uri?gﬁﬂﬁ W ikBbwn 395 Q 1%63)‘131 kihB9ssahdly. on 120. The docking
station is he ontg place in t% coupon nmagazi'ne 122. 20 [0053] Figure 2C
shows a ngAD3Y]UBgire 2Beilivgatef fan aiembRrngfimit) Seah tiockihe odoskomgsingtilad i on

120 in accordance with aone enhodi nent of the_ _presepnt invention..In e
exenpl ary dorkagistadien, 129 IH@ﬁF%réﬁfécel‘Wgh PRt 0 Weﬁhgpﬁﬁe&ﬁfﬁq &P"ﬁ’é%l' 1'8%’ may
be used t : : . { f I i

further detarr R i B e o s T¥m ¢ he
waf er 150 asol thatad menisdisornido thel wafat | @ mhiGOraveladffidete the gocking stathén 121
docking station 120 that sinulates a surface of the  wafer 108. It shc?ul d
be appr eci %kt & hEgRkLpEn FobRimRissEa e rempRY Brbedimentyheddox miyiya

126 may be moved from a location 126 of the wafer 108 to a location off of the wafer

onto the docking station 120. The docking station is held onto place i the coupon
magazine 122.

20  [0053] Figure 2C shows a meniscus traveling off of the wafer 108 onto the docking
station 120 in accordance with one embodiment of the present invention. In one
exemplary embodiment, a meniscus 140 formed by the proximity head 106 may be used
to process a wafer surface of the wafer 108 as described in further detail in the
Applications. The meniscus 140 may be moved from the wafer to a location 160. The

25 location 160 includes a portion of the docking station 120 that simulates a surface of the
wafer 108. It should be appreciated that the docking station 120 may be configured in any
suitable fashion that enables the simulation of the wafer surface to keep the meniscus 140
stable. It should also be understood that the docking station may be any suitable distance
away from the wafer 108 that can effectively enable the docking station 120 to simulate a

30 wafer surface as the meniscus 140 is moving off of the wafer 108. In one embodiment,

distance of the closest portion of the docking station 120 to the wafer is between 0.01mm




suitabl e fashion that enables the sinulation of the wafer surface to keep
the nmeniscus 140 stable. It should al so be understood that the docking
station may be any suitable distance away fromthe wafer 108 that can
effectively enable the docking station 120 to sinulate a 30 wafer surface
as the meniscus 140 is noving off of the wafer 108. In one enbodi nent,

di stance of the closest portion of the docking station 120 to the wafer is
between 0.01mm 15 and 10.0mm |In a preferable enbodi ment, the docking

20 d_ab h 0 [
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conponent @_1mn%la@yx/ﬁ@np@tem&"er\mogw of the coupon nagazi ne 126 in accordance
with one 5 enbodinment of the present invention. The coupon nmagazi ne 126

may i ncl ude0s Feprpdr tlhshateea eesashedewvoofathsosyistsm ﬂ@@tW@hpulzsemel of 8ch an
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magazi ne 126 is a devi ce hol der that may be fabricated from 10 chem cal ly
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Pl Yot nor GURGP dRORRtST PEBIEY 4 ey PN hRgasihieo 5™ by doskingni nea

W th precisg@oh %Iﬂgrlﬁéat&cpbe@&@ﬁ Itﬁe ﬁ)gtwrﬁéﬁngﬁn@%ed@&wne%mmelmume
magazi ne 126 may be confi gured securely and accurately position a

subst r at e eofbodmyens,the abulwrgm@g@unei 2&isze de@h@pel,delaﬁdt mﬁt}’tbﬂ eknestgl femween,
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fixture or any suitable production apparatus that Ty ‘use proximty
heads. ThéPEBKkl etg. sTlat nompommagmgc b26 medebs mpshaned i with yrofignfatre tche

waf er surface.b ustln eveling the cou 0 maa2|n 126 a
i souseon PR TEIUPERES 1o demied olBe PRoa Bgrin 8 1 B BLEBELIL Y of
the COUD°%e£@8§%H%cé&§t ff R&é}@oﬂ:9%e&ﬁﬁgﬁahﬁgmmwge&génm@eb%@@ Meted to

make the docking statior 120 coplanar wth the wafér surface. Therefore,
t he cdbponthivhigay i eétwedi26oves, extwieivel anyf seitabld ecoimbinasienant] preyinityt hbzldsgent |y

and poner (ULl AL 28 NRLET | PERCSSSI N0, RS AL 005 25, OSel P e 4
manifolds. The coupon magazine 126 may be used on any suitable lab test fixture or in
any suitable production apparatus that may use proximity heads. The docking station 120
may be made substantially planar to the wafer surface by adjusting or leveling the couple

20 magazine 126 as discussed in reference to Figure 7. In one embodiment, either or both of
the coupon magazine 126 or the coupon magazine mount 128 may be adjusted to make
the docking station 120 coplanar with the wafer surface. Therefore, the coupon magazine
126 1s extremely flexible in use and may intelligently and powerfully optimize wafer
processing operations.

25 [0055] Figure 4 depicts a more detailed view of the couple magazine 126 with a portion
of the proximity head 106 showing inlets and outlets in accordance with one embodiment
of the present invention. In one embodiment, by varying the shape and size of the top
portion 122 and the bottom portion 124, the coupon assembly 126 may be configured to
hold the docking station 120 of any specific shape, such as, for example, a 200 mm

30 docking stafe, a 300 mm docking state, etc. The coupon magazine 126 may also hold any

suitable random shape wafer of varied size and thickness.




of the proximty head 106 showing inlets and outlets in accordance with one
enbodi nent of the present invention. In one enbodi nent, by varying the
shape and size of the top portion 122 and the bottom portion 124, the
coupon assenbly 126 may be configured to hold the docking station 120 of
any specific shape, such as, for exanplg a 200 nm 30 docking state, a 300
nm docki ng state, etc. The coupon magazi ne 126 may al so hold any suitable
random shape wafer of varied size and thickness. 16 [0056] Figure 5 shows

(e COUPCNTELIE 251 AU Regil o N30t 8%t AR 068 11

one enbod coupon

magazi ne Ldborbafcavit S cobatiiehtldOnt RrRugtinvdiitich. TRYneefvbdigheat @essort 0
mechanically as well as visually inspect the proximty head 106a and the

proxi m t y rhasading 086 hasa sigbiwingowr 48xeepilampichanay travif genees . meahagipgly way

t he di stance between.the proximty .head 06 nd 106b as |l _as t he

i st ance. oF e roRepth Broto i AT gt A0 bed M Bk e Sbte

Fi gur es6 %H%V&’émﬁlahoﬂ)rﬁi AWERird Ne 1k R GPay G At iR e 1By tﬁégﬁéﬂﬁﬁkﬁj%eﬂﬂé h one
embodi ment of the present invention. The coupon nmagazi ne 126 as shown nay

i ncl ude 1@6atanddifferss wpkns thysdis@oca bf thegirowimithheade 106upod 100y axynke 126
may be bol gg t o .the coupon nagazi ne nount 128 as shown in Figure 2A above.
It shoul d & BB eci ate that any suitable number, types, and/or

confi gur at{pgs1g Rfurdle #RRERMopORER I JT9Re 38hoiBNadiSine ;lgbl i%lza%gorﬁ&lcﬁt\ﬁiﬁfz Bnd he

coupon magazi ne 126 to the coupon mmgazine mount 128. In another
enbodi mentemiodenad whdire prespant imenti@6 Why chgpoatihzghied 126 as kkownupynneadmazi ne

15 t b di ith f t ach t i 320., T
mgar e Fadtietbethe S Rtk oRS foon stfeeant 26 ARV RO RS ne
mount 128 dofipéh ARSI S8untdisf A" @BLnGRYRR: NRIABLOCH dohia  dfhasemt 1decki ng

stations may be interchanged in a convenient and tinme savi ng nmanner.
[ 0058] | n awmesusaldediumbet,, typesp and/oo nowfigurdiens uif exttacidgent afpetimgs 336 knaygbst at e

120 is 20 ﬁan wi ched hetween the tqg ﬁg{ti n 122 and the bottaom.gortion
124 of thé™BEpsh FePPaENagRIEnl < affc 198N JBREHRG STa ol 126" may
hel d securglihcHehbo@na] fe c,:o%@ﬁ%%%bﬁﬂe OPE AL bR Aeackel th WL unBE nR&AhNY
station 120 1s shown as having an Oopening 1h an interior portion, it
shoul d5be mppit dyitehddgtvhidtout hee dibattachgest apichings 32@ riEhe dvapen amgazisaili@bl e
configuratLon t hat $Puld eQFbIe the fluid meniscus to trav%L fromthe wafer
to the therefore may be removed at attached to the coupon magazine mount 128 in a manner so

different coupon magazines with different docking stations may be interchanged in a

convenient and time saving manner.

[0058] In one embodiment, a portion of the outer edge of the docking state 120 is

20  sandwiched between the top portion 122 and the bottom portion 124 of the coupon

magazine 126. In this way, the docking station 120 may held securely during wafer

processing operations. Although the docking station 120 is shown as having an opening

in an interior portion, it should be appreciated that the docking station 120 may have any

suitable configuration that would enable the fluid meniscus to travel from the wafer to the

25  docking station (and vice versa) without meniscus breakdown. It should be appreciated

that although the coupon magazine 126 is shown as being rectangular in shape, the

coupon magazine 126 may be any suitable shape and/or configuration as long as the

docking station 120 may be held securely and the proximity heads can move on and off of

the docking station 120 without interference. In another embodiment, the coupon

30 magazine may also have any suitable number of pieces such as, for example, 1, 2, 3, 4, 5,

etc. as long as the docking station 120 may be held and positioned in the manner




25 docking station (and vice versa) w thout neniscus breakdown. It should
be appreciated that although the coupon nmagazine 126 is shown as being
rectangul ar in shape, the coupon rmagazi ne 126 may be any suitabl e shape
and/or configuration as long as the docking station 120 may be hel d
securely and the proximty heads can ngye on and off of the docking
station 120 without interference. In another enbodi nent, the coupon 30
magazi ne nay al so have any suitabl e nunber of pieces such as, for exanple,
1, 2, 3, ﬁr b E . as long as the docking station 120 may be hel d and
p05|t|one SSHbEh BT Bnner 17 described herein. [0059] Figure 7 illustrates a
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enbodi nent, .the, s 64 have a force of be about to 15 | bs.
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then the Cfx?dglgd[eea, sp[?ﬂ Saﬂ-a&eﬁt%?\ﬂu&w&@ toRad ok goﬁﬁéEﬁb%goﬁfﬁMZQe

nmoved vert ere ore coupon ga2|ne 12 be ‘noved in a
verti cal ﬂmonelembodﬂrrtmt dbe kprivgg didatiap had2d forse ofrhdze/esmjlabm&rﬁioa]ﬂ sl dyel

with the waf er I n_on odi ment the coup nmagazi 126 ma

moved Jer tHEHRY eéﬁfegfh%?%ﬁ’ﬁj’q‘ﬁ dsogh 282 2y, b9 Flog?fﬂﬁ?l’ﬂcﬂé %Ft‘e%;‘l’g’nat
the 15 appglaliig 130 dnd R AOH uRNGMIG QD @&Qﬁagm&@@vm%' n’?hc%]'gf%ré, $hd USt
exenpl ary | nature and any other “suita nner of novi ng the coupon

nmagazi ne Tatporemagerineutld inzgde njd@8Gh aRegitab nfinsdraiestht deckiog sfavot 12his122 of
t he coupon rraga}z; ne, 126 in accordance, _w th one enbodi nent of the gre ent
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coupon magazi né nount 12 om portion

the tdf pepiraos ahdZnahyd Bhswen td enddet the wapdn apgMing 32829 jdsorexbaplin t he
top portion 122 to the cou on magazi ne nount 128. The top.portion 122 may
al so have &tWe aRdery Q}Bgnﬁlﬂ le manner of moving the coupon magazine 126 may be

utilized.
[0060] Figure 8§ shows the top portion 122 of the coupon magazine 126 in accordance
with one embodiment of the present invention. The top portion 122 may include any
20  suitable number and or type of attachment openings to both attach the top portion 122 to
the coupon magazine mount 128 and the bottom portion 124. In one embodiment, the top
portion 122 may have the attachment openings 320 for bolting the top portion 122 to the
coupon magazine mount 128. The top portion 122 may also have attachment openings
202 which may be utilized to bolt the top portion 122 to the coupon magazine mount 128.
25  The top portion 122 also may include an indentation 322 which may (when combined
with the bottom portion 124) generate the sight window 140 as discussed above in
reference to Figure 5.
[0061] Figure 9 illustrates the bottom portion 124 of the coupon magazine 126 in
accordance with one embodiment of the present invention. The bottom portion 124 may
30 include attachment openings 390 which may be aligned with the attachment openings 320
of the top portion 122. Therefore, by using the attachment openings 390, the bottom




202 which may be utilized to bolt the top portion 122 to the coupon
magazi ne nount 128. 25 The top portion 122 also nmay include an indentation
322 which may (when conmbined wth the bottom portion 124) generate the

si ght wi ndow 140 as di scussed above in reference to Figure 5. [0061]
Figure 9 illustrates the bottom portiongl24 of the coupon magazine 126 in
accordance with one enbodi nent of the present invention. The bottom portion
124 may 30 include attachnment openings 390 which may be aligned mﬁth the
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390. [ Q062hd/bheohplt ABnPBI httRAmbR AP BHedBs® have an indentation 380 which
when conmbined wth the indentation 32§ of the top portion may generate the
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systemvmth an exenplary proximty head that can generate a fl
neni scus. dopfigivedisd theé tappergticet eﬁthetdmakmgrstatlsu|1t2&lﬁtewut§npeﬂmfre®}sﬁ@2ﬁw th

any suitable type of proxi ead that aflu Meni scus can
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[0064] Fi %l’a@ﬂ-ﬂagcﬁh%ﬂ%ra@e yafar Qﬁ&ggsa ng system 1100 in accordance with
one enbodi nent of the present | nvention. It should be appreciated that any
sui t aliSe n@6éHrTheofollovtinl figuwes desoribegart Beenvpdrgrwafan pheesséedsston vath, af or
exanpl e reg)(lerlnte){ary pro Ix?r?uty %e% eha’t CE?I'}. (g:enerate a fluid meniscus. It should be appreciated
that any suitable type of system with any suitable type of proximity head that can generate
a fluid meniscus can be used with the embodiments of the present invention described
herein.
20 [0064] Figure 10 shows a wafer processing system 1100 in accordance with one
embodiment of the present invention. It should be appreciated that any suitable manner
of holding or moving the wafer can be used such as, for example, rollers, pins, platen, etc.
The system 1100 may include rollers 1102a, 1102b, and 1102¢ which can hold and rotate
a wafer to enable wafer surfaces to be processed. The system 1100 may also include
25  proximity heads 106a and 106b that, in one embodiment, can be attached to an upper arm
1104a and to a lower arm 1104b respectively. The upper arm 1104a and the lower arm
1104b can be a part of a proximity head carrier assembly 1104 which enables
substantially linear movement of the proximity heads 106a and 106b along a radius of the
wafer. Inone embodimqnt the proximity head carrier assembly 1104 may be configured

30  to hold the proximity head 106a above the wafer and the proximity head 106b below the

wafer in close proximity to the wafer. This may be accomplished by having the upper




The system 1100 may include rollers 11 02a, 1102b, and 11 02c which can
hold and rotate a wafer to enable wafer surfaces to be processed. The
system 1100 nmay al so include 25 proximty heads 106a and 106b that, in one
enbodi ment, can be attached to an upper arm 1104a and to a | ower arm 1104b
respectively. The upper arm 1104a and tjge | ower arm 1104b can be a part of
a proximty head carrier assenbly 1104 which enables substantially |inear
novenent of the proximty heads 106a and 106b al ong a radius of the wafer.

I n one enbhodi t t he,.proxi m carrier, assenhl 104 mayb 0 flgured
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head may be noved in an arc over the surface of the wafer. In yet another
embodi mentaroundeanaaxis d@@neﬂebyrmmdnd m(hoﬁmetanmat'fmfofe a suwhani analdimetenent

and a 15 |j near . npv thou shown w ro imty.head 106 for each
e or ¢ ih BTy B lihang b S S A T v B SPsRep e ke et GOkt or
Q her sur fe%%dﬁﬁ&ﬁa{hétdrﬁr&nﬁy 8E Gvoved m%%n?&nsﬁ%fégr IR Qb hidsmuhiel@ o

proxi mty head 106 is used, such as a wafer scru brush. [00651 In anot her
enbodilie nthneamosgrmm mAlﬂJGOglnmowmwithld@rcanmtwhead {96 fmeaalcmmd«bﬁ@e vaier,

station that nsitjon surfac oth wafer. .In such an
enbodi ment? 5% ‘é 931“ ©ra Eﬁ§lrﬂ$|{fys ‘fer%dr#s‘i"? b C BrHBERPRETEEREES on
and the suhhaegePorhfeoNR{dRE where no proximity head 106 is used, such as a wafer scrub
brush.
[0065] In another embodiment, the system 1100 may include a proximity head docking
20 station that has a transition surface adjacent to the wafer. In such an embodiment, the
fluid meniscus may transition between a docking station and the surface of the wafer
while in a controlled and managed state. Again, if only one side of the wafer is desired to
be processed, one arm with one proximity head may be utilized.
[0066] Figure 11A illustrates a proximity head 106 performing a wafer processing
25  operation in accordance with one embodiment of the present invention. The proximity
head 106, in one embodiment, moves while in close proximity to the top surface 108a of
the wafer 108 to conduct the wafer processing operation. It should be appreciated that
depending on the type of fluid applied to the wafer 108, the fluid meniscus 140 generated
by the proximity head 106 on the wafer surface 108a may be any suitable wafer
30 processing operation such as, for example, cleaning, rinsing, drying, etching, plating, etc.

It should be appreciated that the proximity head 106 may also be utilized to process the




while in a controlled and nanaged state. Again, if only one side of the
wafer is desired to be processed, one armwi th one proximty head may be
utilized. [00661 Figure 11A illustrates a proximty head 106 performng a
waf er processing 25 operation in accordance with one enbodi nent of the
present invention. The proximty head?2b06, in one enbodi nent, noves while
in close proximty to the top surface 108a of the wafer 108 to conduct the
waf er processing operation. It should be appreciated that depending on the

type of f lb"oj{tgm%ﬁpfl ﬁ)g’%d)gtthe W ‘13(58 191180ne € dll% lg% Qva?&%?)i&%a& ~ Fﬁ%{ ed

by the proxi mty e Waf er “Suf ace may be "an

wafer 30 gb Ql@@p@kﬂﬂm@ﬁ@rdait%%aﬁwﬂmgd whilg ﬂ@mﬁ@h@cusqalr@@@se@%e fop et g,
dryi ng, etchi n(fns plating, etc. It should be appreciated that the Brommty

head 106 r#fa.alsendieeram Ole’@@tsttbe pwraé@rel% maebobelp still avhiluhe arximggheast t he

waf er 108.,,Ln _one e t he rot te h ximty
nead 106 A0 BB IhE ThIT Bepisbicot e bate pibbec Tid! Phdtoul e B8 O
| n anoshem@mbadicaRtiver tHeewief glﬁrféc@&nﬂ&ﬁeﬂaﬁ)r@@h@e&he |ﬂu1d/\/hieh%cﬁ§'lﬂoﬂg e mty
head 106 generates the fluid nmeniscus on the wafer surface. Then the

proxi m t'y sHeE& efethe Svatey dngiet graihergrehrodithentydie aroximity dwed 408 maydreahade nove

the fluid (B0 SC e surface of t

bnbodi montSep ao g BF utd Gen sty Bt e S e e ol B RO ke 1 i

meni scus %ﬂ@li)ﬂﬁ)@fﬁﬁ&ﬁnfehﬁ bﬁ L:lﬁ;ﬁl?ﬁlg tBd ﬁ@;d%exhélﬁs eMhk fs@rfm%fcﬁ'fthe Whfer B1eCHALAN

enbodi nent, by afpﬁl ying t I'd neni scus to the surface of the wafer the
c

entire suAffaceeofdhe Whtsr walde praspsdsd wphoveseeaneit phibeprosméydatd.of t he

ot udts” S an o EPBOGinssl MRS ERRY LA oo atlFed BeFubtsdol b I en an

enbodi mentandiaseiic@RYctal309h e sukARR erdbBditednt Q%%@@ﬁcoﬂﬁ%ﬂ% i dibgeRYade
applied to the wafer surface through a source’inlet 1302, vacuum™ 1312 nay

be appl i edPAGNt bl Qb bespplietty thrwafghswafase throeghatsbwre 1IS©t413(Bnda®‘lum

processin luid 1314 be lied to the wafer rou sour ce
i et 1308313 s Chseaplod Coie S our e troddhe: S bl b30and h MG 1510
and the prfﬁﬁ@ﬁléﬂﬂaﬂ?bé‘hﬁbhe&??&ﬁle'vvhf@xdéﬁkffab@ﬂhré%hta%u&@%lk@%?n of the vacuum
1312 to renove the processing fluid 1314 and the IPA/N2 1310 fromthe

waf er 1$ur f[A8&8] 108ac carbodemet.ahe applecafibmiod theelfiAding 310 460 thiEhmofdssing flwahi scus
140 may b |l ayer, defined be

waf er sur ﬁégéfl’lﬂ lélgglt@ﬁﬁo e m@ﬂtl%{be)é\@e‘g‘cb\}gﬁe&r 2 )&%’ ;Tnﬂ%ével éer%ngng ' Qeand
20 contr g;/ﬂsg@laﬁd TROIEUN, 11916 Benf IR fact 1684 bdH SenlPd feUsuid HniRYs bE
140. The fluid meniscus 140 may be a fluid layer defined between the proximity head
106 and the wafer surface that can be moved across a wafer surface 108a in a stable and

20 conirollable manner. In one embodiment, the fluid meniscus 140 may be defined by a
constant application and removal of the processing fluid 1314. The fluid layer defining
the fluid meniscus 140 may be any suitable shape and/or size depending on the size,
number, shape, and/or pattern of the source inlets 1306, source outlets 1304 and source
inlets 1302.

25  [0069] In addition, any suitable flow rates of the vacuum, IPA/N,, vacuum, and the
processing fluid may be used depending on the type of fluid meniscus desired to be
generated. In yet another embodiment, depending on the distance between the proximity
head 106 and the wafer surface, the IPA/N; may be omitted when generating and utilizing

the fluid meniscus 106. In such an embodiment, the proximity head 106 may not include

30  the source inlet 1312 and therefore only the application of the processing fluid 1314 by




constant application and renoval of the processing fluid 1314. The fluid
| ayer defining the fluid nmeniscus 140 nay be any suitabl e shape and/or
si ze dependi ng on the size, nunber, shape, and/or pattern of the source
inlets 1306, source outlets 1304 and source inlets 1302. 25 [0069] In
addition, any suitable flow rates of the vacuum |PA/ N2, vacuum and the
processing fluid may be used depending on the type of fluid nmeniscus
desired to be generated. In yet another enbodi nent, depending on the

di stance hetween it X1t hea 6 and the f urfac h PA/ N2
. be. omttt ST JaRE AT e et Aot e ARG OR 0B £ RSB st Db,
such an enpgmgaﬁﬁﬁﬂuhgguﬁﬁg&ﬁghgﬁ4bead 106 may not include 30 the source
inlet 1312 and therefore only the application of the processing fluid 1314

by 21 the [6&19 de other embpdeenandf theeproempipaheads 1 06h shepprocessuigrayrebaplthe314 by
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one enbodi nen the present invention. It should bé appreciated that the
10 confi guridt icon apfibodfreergr oikithv pyestrgathva@iBnas It ebould bed appreciefedr daic éhet o

Figure 8B is. exenplary in nature. Therefoye,.other configurationg._of

br oxi 1Pty RRIBE obale By fiad ' Jihar esrioht i domsn s SEETASE Bhg as
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the wafer surface to generate a stable Tluid neniscus”on the ~wafer
surface. I gacktitt it fluslsmenisausss ddng bothe, prodehsing dmisbcinmntensppliefl to hewafer

proximty head 15 106 do .not have.to have the source in|let 1316 when the
pr oxi mi t y SHE4F fer@ve@mmﬂe‘aafe{ Suihde eeereRe HEde d HOAISERE O OHbut
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right are a set of the source inlet 130Z, a set o source outlet 1304,
a set 16f tlRé deowt bevd tnlhave 18G6yrca islet 136 wiea tho proxémitp itddet061i30dnfigunell a set

of L e SO oL ol 03Tt SLEr, e JRLLEA and procesei ng 20 chomi sty
108, [0072] In the top view of one embodiment, from left to right are a set of the source inlet
1302, a set of the source outlet 1304, a set of the source inlet 1306, a set of the source
outlet 1304, and a set of the source inlet 1302. Therefore, as N,/IPA and processing
20 chemistry are inputted into the region between the proximity head 106 and the wafer 108,
the vacuum removes the No/IPA and the processing chemistry along with any fluid film
and/or contaminants that may reside on the wafer 108. The source inlets 1302, the source
inlets 1306, and the source outlets 1304 described herein may also be any suitable type of
geometry such as for example, circular opening, triangle opening, square opening, etc. In
25  one embodiment, the source inlets 1302 and 1306 and the source outlets 1304 have
circular openings. It should be appreciated that the proximity head 106 may be any
suitable size, shape, and/or configuration depending on the size and shape of the fluid
meniscus 106 desired to generated. In one embodiment, the proximity head may extend
less than a radius of the wafer. In another embodiment, the proximity head may be
30  extend more than the radius of the wafer. In another embodiment, the proximity head

may extend greater than a diameter of the wafer. Therefore, the size of the fluid meniscus




the vacuum renoves the N2/1PA and the processing chenistry along with any

- fluid film and/or contaninants that may reside on the wafer 108. The

source inlets 1302, the source inlets 1306, and the source outlets 1304
descri bed herein may al so be any suitable type of geonetry such as for
exanpl e, circular opening, triangle opesing, square opening, etc. In 25 one
~enbodi nent, the source inlets 1302 and 1306 and the source outlets 1304
have circular openings. It should be appreciated that the proximty head
106 may be an sui t.abl e size, shape, .and/or .configuration dependi.ng on the
si ze and §HYp¥ &% F‘H@ﬂq $HEd deﬁ’@ﬁ}%ﬂ% ﬂieoﬁz%lé’giar‘@#egéurgaecﬁee}r%\at g%lreﬁﬁo%ﬁe
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1306 as

accordance with one embodiment of the present invention. In this embodiment, the
proximity head 106 includes the source inlets 1302 and 1306 as well as source outlets
20 1304. In one embodiment, the source outlets 1304 may surround the source inlets 1306.
In one embodiment, the proximity head 106 does not include source inlets 1302 because,
in one embodiment, the proximity head 106 is capable of generating a fluid meniscus
without application of IPA/N,. It should be appreciated that the above described
inlets/outlets patterns are exemplary in nature and that any suitable type of inlets/outlets
25  patterns may be used as long as a stable and controllable fluid meniscus can be generated.
[0076] While this invention has been described in terms of several preferred
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. It 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.




20 1304. In one enbodi nent, the source outlets 1304 may surround the source
inlets 1306. In one enbodinent, the proximty head 106 does not include
source inlets 1302 because, in one enbodinment, the proximty head 106 is
capabl e of generating a fluid neniscus wthout application of | PA/N2. It
shoul d be appreciated that the above degcribed inlets/outlets patterns are
exenplary in nature and that any suitable type of inlets/outlets 25
patterns nmay be used as long as a stable and controllable fluid nmeniscus
can be generated. [0076] While this i&;ﬁﬂhﬁgn has been described in terns
of several preferred enbodinents, it w appreci ated that those
skilled in the art upon reading the preceding specifications and studying
the drawings will realize various alterations, additions, permnutations and
equi val ents t helr eof At appagtuser pooessingratsubstente withe fluibmgnisetsrie bgepplisdent i on
i ncl udes all s Ite o) addi tions, pernutations, and equivalents as
fall witPPAS %mt EggtFt?CSW@H§8§pe of the invention. 23 CLAIMS 1. An
appar akus for prEeR®gIsRgaR o%ﬁﬁgntré@t&béqsm&daadjdcemo aﬁeag%vdﬁhé subbgatapht i ed

to a surface of the Substrate, conprising: 5 docki ng surface conflgured
to be pl acedkiagpatentbeing a’anuted@E swafmetiaesas st w@stea,te,tam@ prajodikg adrassitiémce
bei ng about t he sa ne as the substrat an |d|n a transition
Pht ert ace Wit By b Rant Mufdrorinms e egn et Reealrihs RPGaR ace of t he
substrate. 2. An apparatus for processing a substrate as recited in claim
1, wherein the 10 docking surface defines a docking station for the fluid
meni scus. 3. A appasminmrdtor foppocessigrgubsisiibat reaitel inslaimcl, tedreimtbel ai m 2,

furth r|S| 0 azin ho the docki ng station that
incluags 56%5%5‘%§§a§£$ %“ﬁmngﬂﬂgﬁﬁgng' HYS G5y process?ng a

Substrate as recited in claim1, wherein the docking surface has a radial
contour that matches a radial contour of the substrate. 20 5. An apparatus

for use in procdessi ngn apmiErst foap®cesongr substnae asrecivediarclammga fimtteer conf i gur ed
to hold a dOijﬁ% station for a proximty head, the coupon nmagazi ne being
confi gur edS¥TFHE docking station is held in place adjacent to an edge of

the substrate. jcoupon magazine for holding the docking station that includes the docking

15  surface.

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

docking surface has a radial contour that matches a radial contour of the substrate.

20 5. An apparatus for use in processing a substrate, comprising:

a coupon magazine configured to hold a docking station for a proximity head, the
coupon magazine being configured so the docking station is held in place adjacent to an

edge of the substrate.

25 6. An apparatus for use in processing a substrate as recited in claim 5,
wherein the docking station is defined by a docking surface that provides a transition

interface for a fluid meniscus of the proximity head.

7. An apparatus for use in processing a substrate as recited in claim 5,

30  wherein the coupon magazine includes a top portion and a bottom portion.




25 6. An apparatus for use in processing a substrate as recited in claim5,
wherein the docking station is defined by a docking surface that provides a
transition interface for a fluid neniscus of the proximty head. 7. An
apparatus for use in processing a substrate as recited in claimb5, 30
wherei n the coupon magazi ne includes agop portion and a bottom portion. 24
8. An apparatus for use in processing a substrate as recited in claim?7,
wherein the docking station is held between the top portion and the bottom
portion. 5 9. An apparatus for use in processing a substrate as recited in
claim5, wherein the docking station is a quartz material. 10. An

apparatus for gse i MPLAGLHSE MBr AsS WP Tré@EEn@S 5@GIrkE sl feclé@incim Wherein
t he docking station is a hydrophilic material. 10 11. An apparatus for use

i n processiheein thadoskingtstatian iy kedd besweemtheltep perion tnd thedottomawpidisi ng, a
coupon magazi ne nount configured to hold the coupon magazine. 15 12. An
apparatus for use in processing a substrate as recited in claim5, further

conpri sing, a leveling pRahapi f6iMusoO R iHYRns @ isaatehss FREKd RY Mt 5on to
be substantially coplanar with the substrate. 20 13. An apparatus for use
i n pr ocessihegeia theudpskingtstatias iy ®quargdnateriall ai m 12, wherein the | eveling
mechani smis configured to nove the docking station in a vertical plane.
14. An apparatus for use in processing a substrate as recited in claim12,

25 wherein the flpevel ANGppReha TS Mt NE | H#6&S3siAg SCE@WMERNY B ih Q14IRVS, a
ball detent wvertically. 15. An apparatus for use in processing a substrate
as recit edvhareislttz dncBing station ed mhydreplobupeterimhgazi ne i ncl udes a si ght
mﬁndoWb 30 25 16. A nethod for processing a substrate, conprising:
11.  An apparatus for use in processing a substrate as recited in claim 5, further
comprising,

a coupon magazine mount configured to hold the coupon magazine.

15 12. An apparatus for use in processing a substrate as recited in claim 5, further
comprising,
a leveling mechanism configured to move the docking station to be substantially

coplanar with the substrate.

20 13, An apparatus for use in processing a substrate as recited in claim 12,
wherein the leveling mechanism is configured to move the docking station in a vertical

plane.

14. An apparatus for use in processing a substrate as recited in claim 12,
25  wherein the leveling mechanism includes a screw configured to move a ball detent

vertically.

15.  An apparatus for use in processing a substrate as recited in claim 5,

wherein the coupon magazine includes a sight window.

30




positioning a transition surface substantially coplanar to a substrate
surface, the transition surface being adjacent to an edge of the
substrate; and noving a fluid neniscus between the transition surface and
the substrate surface. 5 17. A nethod for processing a substrate as recited
in claim16, wherein positioning the typansition surface includes |eveling
the transition surface. 18. A nethod for processing a substrate as recited
inclaim17, wherein the 10 leveling is acconplished by the leveling
mechani sm 19. si.n

met hod S substrate as recited in claiml6,
Wherein the i ina: 4 Sl pERgEeRg s %%SF&EW% faferiar. 15 20. “A method
for processing a ubstra ted L0 im ere e
flui d meniscus P8 1\%18% at%%mf }OQnss?ir‘}[ C%ﬁ“@tﬁ“ﬁ ﬁﬁ}é %‘g}%ﬁ ¥rd asSu artg}tg{féllf%%r %ﬁa%ce
i ncl udes @n@sifAbn aﬁmce%eﬁl@%djahéﬁt% ﬁ!i?éﬂg%%ﬁh@sﬁhb@crét@%nﬂr ansition surface from
the substrate surface and noving the fluid nmeniscus onto the substrate

surface from t heoifigu Bldd rBenischb bER&8n théQransition surface and the substrate surface.
5

17. A method for processing a substrate as recited in claim 16, wherein

positioning the transition surface includes leveling the transition surface.

18. A method for processing a substrate as recited in claim 17, wherein the

10 leveling is accomplished by the leveling mechanism.

19. A method for processing a substrate as recited in claim 16, wherein the

transition surface 1s a hydrophilic material.

15 20. A method for processing a substrate as recited in claim 16, wherein
moving the fluid meniscus between the transition surface and the substrate surface
includes one of moving the fluid meniscus onto the transition surface from the substrate
surface and moving the fluid meniscus onto the substrate surface from the transition

surface,

20




