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to clean and dry a wafer where a fabrication operation has been performed that leaves
unwanted residues on the surfaces of wafers. Examples of such a fabrication operation

15  include plasma etching (e.g., tungsten etch back (WEB)) and chemical mechanical
polishing (CMP). In CMP, a wafer is placed in a holder which pushes a wafer surface
against a rolling conveyor belt. This conveyor belt uses a slurry which consists of
chemicals and abrasive materials to cause the polishing. Unfortunately, this process tends
to leave an accumulation of slurry particles and residues at the wafer surface. If left on the

20  wafer, the unwanted residual material and particles may cause, among other things, defects
such as scratches on the wafer surface and inappropriate interactions between metallization
features. In some cases, such defects may cause devices on the wafer to become
inoperable. In order to avoid the undue costs of discarding wafers having inoperable
devices, it is therefore necessary to clean the wafer adequately yet efficiently after

25  fabrication operations that leave unwanted residues.

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
on the wafer surface is allowed to evaporate, as usually happens when droplets form,

residues or contaminants previously dissolved in the cleaning fluid will remain on the



waf er surface after evaporation (e.g., and formspots). To prevent
evaporation fromtaking place, the cleaning fluid nust be renpved as
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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
20 area of the circle formed by the moving liquid/gas interface 12 is the cleaning 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
25  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 interface breakdown.

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



repel water and water based (aqueous) cleaning solutions. Therefore, as the
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i nvention descri bed below. In one enbodi nent, a substrate preparation
syst em i s thpresfedantfash especialy Wwde sseal ordmdrcngm@,cswfm suinees. t he drying system
i ncludes at |east one proximty head for drying a 30 substrate. The system
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Pet! USZOO%&(I)C%LH? El%aam-négl, processing and drying of a semiconductor wafer, but at the same time
reducing the formation of numerous water or cleaning fluid droplets which may cause
contamination to deposit on the wafer surface. Such deposits as often occurs today reduce
the yield of acceptable wafers and increase the cost of manufacturing semiconductor

20  wafers.

SUMMARY OF THE INVENTION

Broadly speaking, the present invention fills these needs by providing a cleaning
and drying apparatus that is capable of removing fluids from wafer surfaces quickly while
at the same time reducing wafer contamination. It should be appreciated that the present

25  invention can be implemented in numerous ways, including as a process, an apparatus, a
system, a device or a method. Several inventive embodiments of the present invention are

described below.

Tn one embodiment, a substrate preparation system is provided which includes a
drying system where the drying system includes at least one proximity head for drying a

30  substrate. The system also includes a cleaning system for cleaning the substrate.



I n anot her enbodi nent, a cluster architecture systemfor processing a wafer
is provided. The systemincludes an integrated drying system where the

i nt egr at eaOdogd/a3g0s1syst em i ncl udes at | east one proxi m tgThEsaeh3foerosdr yi ng a
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to the wafer 30 surface. WD 2004/030051 PCT/ US2003/031051 -5
head for use in preparing a wafer surface including a first surface of the head where the

first surface capable of being placed in close proximity to the wafer surface. The head also
includes a first conduit region on the head where the first conduit region is defined for

20  delivery of a first fluid to wafer of the surface and the first conduit region is defined in a
center portion of the head. The head further includes a second conduit region on the head
where the second conduit region being configured to surround the first conduit region, and
the head also includes a third conduit region on the head where the third conduit region is
defined for delivery of a second fluid to the wafer surface, and the third conduit region

25  defines a semi-enclosure of the first conduit region and the second conduit region. The
second conduit region enables a removal of the first fluid and the second fluid, and
wherein the delivery of the first fluid and the second fluid combined with the removal by
the third conduit region of the head defines a controllable meniscus that is defined between
the head and the wafer surface when in operation and the head is proximate to the wafer

30 surface.



I n anot her enbodi nent, a substrate preparation systemis provided which

i ncludes a head having a head surface where the head surface is proxinate
to a surfwoeoefodvdte substrate when in operation. The head/skes/osrsl udes at
| east one of a first conduit for delivering a first fluid to the surface
of the substrate through the head and at | east one of a 5 second conduit
for delivering a second fluid to the sursf-ace of the substrate through the
head where the second fluid being different than the first fluid. The head
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vacuum region and the applied surface tension reduces fluid region over the wafer surface

where the scanning leads with the opening.

20 In another embodiment, a wafer preparation module is provided which includes a
wafer brush scrubbing unit where the wafer brush scrubbing unit is capable of scrubbing a
wafer while applying cleaning fluids to the wafer. The module also includes a wafer
drying insert where the wafer drying insert is capable of being integrated into the wafer
brush scrubbing unit where the wafer drying insert including a proximity head for drying a

25  surface of the wafer without contacting the surface.

In one embodiment, a method for processing a substrate is provided which includes
generating a fluid meniscus on the surface of the vertically oriented substrate, and moving
the fluid meniscus over the surface of the vertically oriented substrate to process the

surface of the substrate.



processi ng operation is provided which includes arm capabl e of vertical
novenent between a first edge of the substrate to a second edge of the
substr at ewOohev@pgsar at us further includes a head coupl @dTtus20d3@®3805Mm t he
head being capable of formng a fluid 5 neniscus on a surface of the
substrate and capabl e of being noved over the surface of the substrate. In
yet anot her enbodi nment, a manifold for-aise in preparing a wafer surface is
provi ded. The manifold includes a first process window in a first portion
of the manifold being configured generate a first fluid nmeniscus on the
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to efficient wafer drying with lower levels of contamination. The present invention

whi | e

enables the improved drying and cleaning through the use of vacuum fluid removal in
conjunction with fluid input. The pressures generated on a fluid film at the wafer surface
by the aforementioned forces enable optimal removal of fluid at the wafer surface with a

20  significant reduction in remaining contamination as compared with other cleaning and -

drying techniques.

In addition, the present invention may utilize application of an isopropy! alcohol
(IPA) vapor and deionized water towards a wafer surface along with generation of a
vacuum near the wafer surface at substantially the same time. This enables both the
25  generation and intelligent control of a meniscus and the reduction of water surface tension
along a deionized water interface and therefore enables optimal removal of fluids from the
wafer surface without leaving contaminants. The meniscus generated by input of IPA,
DIW and output of fluids may be moved along the surface of the wafer to clean and dry

the wafer. Therefore, the present invention evacuates fluid from wafer surfaces with



Mor eover the present invention also can be incorporated into numerous types
of systens to generate wafer processing systens with cluster tools giving
t he syst ewe 26oam3basipl e t ypes of processing capabilitiesPCByushensioagsa system
that can conduct different types of wafer processing, wafers can be
processed in a nore efficient manner. By having different types of cluster
tools in the wafer processing system there maybe less tinme in wafer
transport tinme because the nodul es/tools are integrated on one system 1In
addition, there may space savings so less footprint is needed to house the
waf er pr oeassidffetivapsawhile sistanfitiéy eflociag coftaninanisonmation/dusttoon may be
incorporated into any suitable variety of systens to make wafer processing
mor e effiE’ieﬁfﬁ‘ftw&r@yléé§¥°beﬁsf%%?’iay@?e’@P’I‘i‘&m&g'pects and advant ages of the
present invention will becone apparent from the foll|low ng detail ed
description, tNcesepvienthepnpsentdnyarionialse oan be icomapaiad iy nHEIHUA faes of

illTustrating by way of e | e t.he princi t . ipvention. 15
BRI EF DESDRIET B e prAgyReas %%ée%srvev@*éﬁﬁm@%&’é’n @%ﬁ\%ﬁﬁys‘begi’sr eadi |y
under s§ oogyipit Rpe of provdstiag dgsailitRe. BYeacingRisySomithataniconduct diffenénth t he

acconpanying drawings. To facilitate this description, |ike reference
nuner al s  tipss gfaefer piokessingy wefeus can beipsonsated in Fimge efficient magnera ByshaviRge nent

f cl [ fluid fer .duri SRD dr yi - Fi 2A
Shows. 5 waErert FERPREIsRGoRRyf M SetBRrr R b oR P ded HRrRE RS R oG ron
of the prgsentyah@oenithePecaliécdtt Sr0dRlesAUS ardintd Lkl dhe\Wy@¥mO fIn bditivaf er

cleaning and drying systemin accordance with one enbodi nent of present
i nvent i ontheRSmEy space s@hgd sodstsrfavtpgnids sietted 0 bewsedle wahpesicessite waf er

cl eani ng and drying, syste hol ding a.wafer.in accordance wth e
enbodiQTenf‘pr‘Fatt")r/?é' %Péég‘?ﬁ?’%ﬁ%ﬁ?qtb‘ﬂfenﬁrbw}ébﬁBlcgwg[e‘i ? ARy 54 ¥a§% cl ose- up
vi ew of the. fnRap! i et ARCYstemscgivi t h one
enbodi nentbg}ﬁwg)ﬁgeyspresg#?ﬂﬁeﬁ&\)%%ﬁr%éne@n B o B 031051 -8
Fi gure 3A sho to [ isl rakl ; @ani j
systemw th \él\ﬁ)éﬁerﬁlslgeflysrr{ﬁ\tg ya d Aena%ées ?j#}% 5%;rgﬁt§\ﬁ§éerﬁ{/%n&lﬂgdr%g&gﬁg@%rgngﬁ&gf t he

present i pesBllbRihg detaied AestBiptibh, Uskehdh eSnjancionevith the aoorhjpemyinafdawmiggani ng
and drying systemw th dual proximty heads in accordance with one
embodi nentllustratingbypwey efexampletheipsipciples of the present invention.

15 BRIEF DESCRIPTION OF THE DRAWINGS

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.

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

20  process.

Figure 2A shows a wafer cleaning and drying system in accordance with one

embodiment of the present invention.

Figure 2B shows an alternate view of the wafer cleaning and drying system in

accordance with one embodiment of present invention.

25 Figure 2C illustrates a side close-up view of the wafer cleaning and drying system

holding a wafer in accordance with one embodiment of the present invention.

Figure 2D shows another side close-up view of the wafer cleaning and drying

system in accordance with one embodiment of the present invention.



5 Figure 4A shows a top view of a wafer cleaning and drying system which
includes nultiple proximty heads for a particular surface of the wafer in
accor dancwowoe4n3orse enbodi nent of the present inventi oRCTRISQUBA3IWBI shows a
side view of the wafer cleaning and drying systemwhich includes multiple
proximty heads for a particular surface of the wafer in accordance with

10 one enbodi nent of the present invents-on. Figure 5A shows a top view of a
waf er cleaning and drying systemwith a proximty head in a horizontal
configuration which extends across a dianeter of the wafer 108 in
accordance Wi t Rigare3 &rhedk amptvios illusaaingthe maférvleningomd dEyiggsyst@Bwitions a

side view of a wafer cleaning_and drying systemw.th the 15 proxi mty heads
in a hori gemPEximebeylsiaareordanss %th&?éﬂﬁgam\é\g&’ﬁ p&‘?sﬁﬂte‘f%%t’(?fl‘ t he” waf er
in accordance with one enbodi nent of the present invention. Figure 5C shows
a top view of Higned 3B ilbistraies agidarvievaeltha gradsrolaaning and dryiag sysem Pishidpaheads

in a horizontal configuratjon ch is,confi l. .and/ or dry the
waf er t haProrgney ﬁ?al%ﬁHg?“fofchn‘é%%’?Sgﬁglgbc\f\ﬁp}?ngﬁfetﬁgﬁ%ege| rlrlgﬁe?l USH 't he pr Zsent
invention. 20 Figure 5D shows a side view of,.a wafer. cl eaning.and dryin
Gyt ord i -t NEIETER GA Ry HEATE ohs 3 Ak I PBIREA GEviRg ST M AP Bcs o2
configure : I a]%; i i i cordance
W th gne %ﬁ%tﬁ)&%hﬁ)ﬁtﬁ‘ng?ﬂ% gf%i%%%ﬁgﬂl nvefﬁgtsei %ﬂ;}ﬁé ‘Ié)iag%?%g%dgﬁ{sb%gwtg 0gigde Vi ew

of a waf eembb&iaRhngf thogredentiimgntiyst emwith the proximity heads in a
vertical configuration enabled to clean and/or dry the wafer that is 25

stationary in gged fBREGwM Lifle 9166 SMHOafR Blcating tahe dBABSSRtent WHRAL i ON.
Figure 5F shows an alternate side view of a wafer cleaning and dryin

syst em t hatcludes nuiltifle prbxdiity bepds der € pasticulpresusfagreof the wabss dpacqordanpg Wit 5E in
accor %gnce Wi tg ne englOdi rrergt of ..t he present invention. W 2004/030051
PCT/ US2008PpapBedimentoling prese Vel 2"t op vi ew of a wafer cleaning and

drying systemwith a proximty head in a_horizontal. configuration which

ext ends acr OSSFW%@AL?EOWaﬁ%“ﬁﬁioélawagef%@&&g&éﬂégy‘ﬁﬂﬁﬁt &Erfbodi nent of
the present invention. Fi ' ' ¢hirapifee and
drying sy?fow ? %acfnﬁealér%%t% c;’%lﬁ[f é@gg‘]}%ﬁg‘%ﬁtﬁidgwﬁ%%? ?gir%@{f r(g)onfi guration

whi ch ext gpgsn arbRBEcEwltAdheismbbdiideat oftaé presém imeatiolance wi th one
enbodi ment of the present invention.

Figure 5B shows a side view of a wafer cleaning and drying system with the
15  proximity heads in a horizontal configuration which extends across a diameter of the wafer

in accordance with one embodiment of the present invention.

Figure 5C shows a top view of a wafer cleaning and drying system with the
proximity heads in a horizontal configuration which is configured to clean and/or dry the

wafer that is stationary in accordance with one embodiment of the present invention.

20 Figure 5D shows a side view of a wafer cleaning and drying system with the
proximity heads in a horizontal configuration which is configured to clean and/or dry the

wafer that is stationary in accordance with one embodiment of the present invention.

Figure SE shows a side view of a wafer cleaning and drying system with the
proximity heads in a vertical configuration enabled to clean and/or dry the wafer that is

25  stationary in accordance with one embodiment of the present invention.

Figure 5F shows an alternate side view of a wafer cleaning and drying system that
is shifted 90 degrees from the side view shown in Figure 5E in accordance with one

embodiment of the present invention.



Fi gure 6A shows a proximty head inlet/outlet orientation that maybe
utilized to clean and dry the wafer in accordance wth one enbodi nent of

t he presewD 200wBndsion. Fi gure 6B shows anot her proxi m tPgThEsaeh3ioniost / out | et
orientation that may be 10 utilized to clean and dry the wafer in
accordance wth one enbodi nent of the present invention. Figure 6C shows a
further proximty head inlet/outlet ori2ntation that nay be wutilized to
clean and dry the wafer in accordance with one enbodi nent of the present
invention. 15 Figure 6D illustrates a preferable enbodi nent of a wafer

dryi ng process Fignae Samhowbe tepvidwatfedvafyr clegmingand dryingspdernwithcz or dance

w th one enbodinment. of the se i.nventi.on. Fj gure 6E sho anot her

waf er dry pﬁ@(llg}tﬁg@w%ogﬁﬁmﬁfg%ﬁpg@n@}ﬁ)@@%%mgf a racﬁ'ilsec\?l@a? W&f?r that
may be conduglffe Winfonlemtoniheht BEAR PrékeACiaOEARACEe W th one 20 enbodi ment
of the present invention. Figure 6F shows another source inlet and outl et

orientation whest L l: E L) : | nput an
i 1 onal 1 G B Atawh a a8 vier? B e e B HRGE bl i g

i nvent § on prdxdigity Geddd dnkdlitis hbft@Balxopfiguchtion Whithasdtepds d@osy angdias df theng
operation in accordance 25 with one enbodi nent of the present invention.
Fi gur e 7B vetignis aecardgnce wally e cabedinagnd af e paessRIORVERNOP- head i n accor dance
with one enbodi nent of the present invention. WO 2004/ 030051

PCT/ US2003/ 031 @Fgure 6 AGhBwg apeoximity heasinleifostieteprisntationithay niayde uhilized wngl ed

source inlets rformng a drying operation in accprdance wth one

enbodi ment‘;lae@*l agﬁgryptﬁiggv T ﬁ%ﬁﬁng‘h‘."% i°Gh F@%?@anfﬂgtﬂ’?meégménﬁmpm ty head
wi th angled source inlets and angled source outlets performng a drying
operation i n adégieaBchows erotbererexpudiheahinlefoutlgorigniationthatangyReent i on.

Fi gure,8A i.l.l ustrates [ i imt f [n a dual
waf er To su ngé%dstg 1% %a%i aﬁg d%ﬁ%% ra}%@r‘r’]ﬁé %é%/oﬁ%%g &ﬁeﬁad?g oe%(n cP gﬁ@g&\;\ﬁof ﬁ]hetkjb %gseét?modi ment
of the pres@mtioni nvention. Figure 8B shows the proximty heads in a dual

waf er surface cleaning and drying
Figure 6C shows a further proximity head inlet/outlet orientation that may be

utilized to clean and dry the wafer in accordance with one embodiment of the present

invention.

15 Figure 6D illustrates a preferable embodiment of a wafer drying process that may
be conducted by a proximity head in accordance with one embodiment of the present

invention.

Figure 6E shows another wafer drying process using another source inlet/outlet
orientation that may be conducted by a proximity head in accordance with one

20 embodiment of the present invention.

Figure 6F shows another source inlet and outlet orientation where an additional
source outlet may be utilized to input an additional fluid in accordance with one

embodiment of the present invention.

Figure 7A illustrates a proximity head performing a drying operation in accordance

25  with one embodiment of the present invention.

Figure 7B shows a top view of a portion of a proximity head in accordance with

one embodiment of the present invention.



10 systemin accordance with one enbodi nent of the present invention.
Figure 9A illustrates a processing w ndow i n accordance wth one enbodi nent
of the pwesewtosnestenti on. Figure 9B illustrates a substramtisadd3p3wst cul ar
processi ng wi ndow i n accordance with one enbodi nent of the present
invention. 15 Figure-9C illustrates a processing w ndow in accordance with
one enbodi nent of the present inventian- Figure 9D illustrates a

processi ng wi ndow i n accordance with one enbodi nent of the present

i nvention. Figure 10A shows an exenplary process window with the plurality
of source i nl eFigurdCalstates weroxiastythead pithraagled powte sdets perfautingas in
accordance with one enbodi nent qof the _present .invention. Figure 10B shows
processi ngiRgPRAairinoenrdancawiih esmbofiment of heRreseit XYY enbodi nent
of the present invention. Figure 11A shows a top view of a proximty head
with a subst anfFigure yDriBesteatey @ prexinnty hepdpathiangled sonrga Hlets whd anglegpsource

enbodi nent _of th r.esent .i nvention. Fi R r i i ew of
t he proxi Wﬁ?s H%rg He & ?%%eg%u%@ﬁc%o@ggin%gﬁé@dédﬁgﬁf&ogﬁh %ﬁggte}%trg?sﬁétenti on.
WO 2004/ 038Ra#0£CT/ US2003/ 031051 -11 Figure 11 C shows a rear view of the

proximty head in accordance with one enbodinent of the present invention.

Figure 12A Sho‘ﬁgﬁe @A%h%}aftéé eas i it af r@g%ﬁﬂisﬂhea@ff&ﬂgyiﬂd@m%&@rti al

circular shape 7n accordance wth one e I ment of the present invention.
5 Fi gure iRfachdssing siddeyivg eystah it freoplancd with ypndhembodinteht af thaptesedt
rectangul ar and partial circular shape in accordance with one enbodi nent
of the prése&atiol.nvention. Figure 12C shows a back view of the proxinity
head with a partial rectangular and partial circular shape in accqrdance
wi th one enbodiFigme 8Bfshowe thermsexintityiheedsiniagival waten petacs glegpipgang drying
rectangular proximty head,in accordance.with one 1 nbodi nent of the
preseﬁg iﬁ%%ﬂil%ﬁ‘?co g yithoge \Rgmhenfg%f;f\fewegap 6?"?]}%83'proxi mty head in
accordance with one enbodi nent of the present invention. .

Figure 9A illustrates a processing window m accordance with one embodiment of

the present invention.

Figure 9B illustrates a substantially circular processing window in accordance with

one embodiment of the present invention.

15 Figure 9C illustrates a processing window in accordance with one embodiment of

the present invention.

Figure 9D illustrates a processing window in accordance with one embodiment of
the present invention.
Figure 10A shows an exemplary process window with the plurality of source inlets
20  and as well as the plurality of source outlets in accordance with one embodiment of the

present invention.

Figure 10B shows processing regions of a proximity head in accordance with one

embodiment of the present invention.

Figure 11A shows a top view of a proximity head with a substantially rectangular

25  shape in accordance with one embodiment of the present invention.

Figure 11B illustrates a side view of the proximity head in accordance with one

embodiment of present invention.



Figure 13Cillustrates a side view of the proximty head in accordance with
one enbodi nent of present invention. 15 Figure 14A shows a rectangul ar
proxi m t ywbeaat/i3posaccor dance with one enbodi nent of theCcprisgensto3iosventi on.
Figure 14B shows a rear view of the rectangular proximty head in
accordance with one enbodi nent of the present invention. Figure 14C
illustrates a side view of the rectangullar proximty head in accordance 20
wi th one enbodi nent of present invention. Figure 15A shows a proximty head
in operation according to one enbodi nent of the present invention. Figure
15B 1|1 ustr at eFigune 1 bC skiws 4 yeaheiay efsheiproginniticladin Feqpudasnce Sithwineh | PA

i nput in acgordance.wi th one en‘?odi ment of the present invention. 25 Figure
15C shows SPREAHIDL PHibe Profedidm%tiBscribed in Figure 158, but with the |PA
flowincreased to 24 mM/mn in accordance w th one enbodi nent %f't

present i nvent Figire VA bouy opoUSLPETdEHD BrYShIsSEngulavand pigial cirg g%hpms
borng. ot 3pant if RGBSR Sl b ol b Bl brl Sp AP T2 L TF L Mt on

bei ng rot ordance Wi n e present invention.

Fi gure_15E sho th roxi mty head ere th | ui d..meni sc j hown, wher e
the varor o Mo 78 8ot bt e oftHnpomis o bt ST E AT RelRedar A a0
accor dancea i BirQhig sﬁ%paeglﬁ\t/}ﬁgdrﬁﬁﬁte vAth dfd@noaaR of eqbdeANinvEhtIN € 15F

shows the proximty ere the I'PA fl ow has been'increased as conpared

to the | PA flow.of Fi b ' ' the

present invent }ﬁé‘%ﬁre E?géé%”%%ﬁaé&&%%gg% p&\glm\gf\xtﬂc%fl&)g&élﬁa ani r%g%g%nl E\aé system
I n accor dpaaRl virddlar@hgpe ihQcestiatbe it oRfenibodinee o€ e praseatinventionti gure 168
shows an alternative view of the cleaning/drying systemin accordance wth

one enbodi ment F?%H:E ?ﬂ?ﬁ@h&%@ﬂec&ﬁl\gﬁiﬁ} bRRimity BeHdbn hécdriidnes it @ @ waf er
processing systemwth front end frane assenbly with a drying nodule in

accor dancembiotiiment ef thelpoebenteinverdiont he present invention. 15 Figure 18 shows
a wafer processing systemwhich has nultiple wafer processing tools in
accordance W t lrigne 18BRR6W R Pdar Ofewt bth@p@sanity heuddntatardance with one

embodiment of the present invention.

Figure 13C illustrates a side view of the proximity head in accordance with one

embodiment of present invention.

15 Figure 14A shows a rectangular proximity head in accordance with one

embodiment of the present invention.

Figure 14B shows a rear view of the rectangular proximity head in accordance with

one embodiment of the present invention.

Figure 14C illustrates a side view of the rectangular proximity head in accordance

20  with one embodiment of present invention.

Figure 15A shows a proximity head in operation according to one embodiment of

the present invention.

Figure 15B illustrates the proximity head as described in Figure 15A with IPA

input in accordance with one embodiment of the present invention.

25 Figure 15C shows the proximity head as described in Figure 15B, but with the TPA

flow increased to 24 ml/min in accordance with one embodiment of the present invention.



Figure 19 shows a wafer processing systemw thout the etching nodule in
accordance with one enbodi nent of the present invention. Figure 20

il lustratwe 200Mmsb@n processi ng system whi ch includes a @cyiusgooasnduwse 20
and a cl eaning nodul e in accordance with one enbodi ment of the present
invention. Figure 21 shows a bl ock diagram of a wafer processing systemin
accordance with one enbodi nent of thelpresent invention. Figure 22A
illustrates a proximty head beginning a wafer processing operation where
the wafer is scanned vertically in accordance with one enbodi ment of the
present 25 i n¥inté biD sikavgputhe pRA&Eity heast whire theeflwid heenissroissbewagvhesntienui ng
fromFigure 16A where the proximty head h started scanning,.the wafer in
accor danc ¥affr ﬂﬁﬁ’%%roéﬁ%ﬂﬁ arspRdange Wit ongerabodime trﬂftéﬁ? Pigpent Wegﬁﬂh/ 030051
PCT/ US2003/ 031051 -13 Figure 22C shows a conti nyati on of a wafer

processi ng opeFigurohH showsrhenroximgpheadvhase thefipd mepisers i§ sRORABEGTSHEAL of

e e sk

operati on"'& ure accofrda one enbodi nent of

t he presegibbdivent bOMe pResttdventidgE shows t he waf er processing operation
continued from Figure EGD in accordance wth one enbodi nent of the present

invention. Fi gﬁ_i‘ﬁgt%lr% ﬁ:ﬁ?«‘ %{b%héeﬁxﬂﬁityh@ae{ Whert 1R IPAGWhidbRAatTeabd Hat ed

over the top por the Vertically positioned wafer in accordance with
one enbodicompiredto thedP arfeseof FigireviSht ingrcordandBivgth encxddddithentafghes a si de
view of the proximty heads during processing of dual surfaces of the

waf er in REEHHIBYFEEOD] t h one enbodi ment of the present invention. Figure
23A shows a wafer processing systemwhere the wafer is held statjonary in
accor dance wi t Figme 1@dvisheivsre i Gew of 8 clpariagdrying G¥sim shaccpdgneeWshgig hows a
waf er @ro%&?’sirﬁ? §§€ em V\,hetr.e the proximty head carrier may 15 be held in
pl acel®r adimey S PHEANVE ¥ R one enbodi ment of the present invention.

Fi gure 23C shows a wafer processing systemwhere the .proximty he ext ends

about a radi us Fégurg ﬁ@%@mﬂt%g(?dy%mf a@ﬁﬁ)&@ﬁﬁ%ﬁlﬁfsﬁeéﬁfﬁl%cf;o{ ce

present iQ\ﬁ&ln%‘je%ﬂlbodﬁh&”Ib?t}%ekl?es%ﬂpl%elﬁio\{)@f er processing system where the
€ad noves

proximty
Figure 17 illustrates a wafer processing system with front end frame assembly with

a drying module in accordance with one embodiment of the present invention.

15 Figure 18 shows a wafer processing system which has multiple wafer processing

tools in accordance with one embodiment of the present invention.

Figure 19 shows a wafer processing system without the etching module in

accordance with one embodiment of the present invention.

Figure 20 illustrates a wafer processing system which includes a drying module

20  and a cleaning module in accordance with one embodiment of the present invention.

Figure 21 shows a block diagram of a wafer processing system in accordance with

one embodiment of the present invention.

Figure 22A illustrates a proximity head beginning a wafer processing operation
where the wafer is scanned vertically in accordance with one embodiment of the present

25  invention.

Figure 22B illustrates a wafer processing continuing from Figure 16A where the
proximity head has started scanning the wafer in accordance with one embodiment of the

present invention.



vertically and the wafer rotates in accordance with one enbodi rent of the
present 20 invention. Figure 24A shows a proximty head that nay be
utilized worzosesn3béseal scanning of a wafer in accordanc@®Cris2003081051
enbodi nent of the present invention. Figure 24B shows a side view of the
proximty head in accordance with one enbodinent of the present invention.
25 Figure 24C shows an isonetric view-aB-the proximty head in accordance
wi th one enbodinment of the present invention. Figure 25A shows a
mul ti-process w ndow proximty head in accordance with one enbodi nent of
the present i n¥iguré 22C shr200tia8a0GITRGTIISR00B5i08 DpsRtion frienFiguied 6858
shows a nmulti-process w ndo roxim head.with three process w ndows in
accor danci %@W%ﬁ’f‘e‘”ﬁ%ﬁﬂ?ﬁ&fﬁm&m ‘E?HEXWE@EFHVGP Q&nti on. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS An invention, for methods .
appar at uses f oFigure?i) Hijstas dic wafer prgoessingPperation sominged Fopyispyy n
follow ng description, nuAeLoOUS. S i.f] ils are set forth in order to
provi de aa‘fct%‘fa@ﬁ an.r?ggt@g{@ﬂl&?eﬁléoﬁ@%p&ég&gﬁ&%ﬁt ﬁ'| nvention. It will be
under st ood, however. by one of _ordinary skill in the art hat e_present
i nvent? on may Biguse A2 shayes tﬁ?\nwtaFFS@focg ‘B?eraatﬂn °8P%1?Wéli°@;§£é%ﬁ iléﬁd%t ails.
In ot her LRSS ANEESitek knltABLRbPEE SPoscRNRISHoANS have not been descri bed
er

in detail 1n or not to unnecessarily obscure the 10 present invention.

VWhile this inventio s heen.d rihed jop. f. : I

embodi ment s, i? 18T 1122]‘? ¥ s §1§ ‘g'd) f ea?ljoglﬁ% eﬁ%ﬁ%@%\aﬁlﬁ% H% tgé ?&fﬁ%gn
readi ng t ReiHRNRARAIIYP PosiEORE Wifedihi R8s dae vtiishd saghddiraerttrod thegssent | |
realize various alterations, additions, pernutations and equival ents

t her eof . lntvendon.heref ore i ntended that the present invention 15 incl udes
all such alterations, additions, pernutations, and equivalents as fall
withimothe tr Fepsel2Gtllesndtes aspie viéw bitheipnoxdmifydeadsdugingesossingpbdiggh 2D
below il lustrate _enbodi nents of an exenpl ary,. wafer.. processi ng. system It
shoul d be sajs#ses of thearpieriaacegrdancy oyl qeseffgs@é%%f’ﬂh%%ﬁe?ﬁ%e 1" ot her
suitable type of configuration that would enabl e novenent of the proximty
head(s) 20 i nt Figire23Ashows aimafer peocehsingaftem yhstemke wefer isAisdd stpiornagpin

embodi me ntagcosf(rila%vc\:@ ’wiﬁlhoene embodiment of the present invention.

Q

Figure 23B shows a wafer processing system where the proximity head carrier may

15  be held in place or moved in accordance with one embodiment of the present invention.

Figure 23C shows a wafer processing system where the proximity head extends

about a radius of the wafer in accordance with one embodiment of the present invention.

Figure 23D shows a wafer processing system where the proximity head moves
vertically and the wafer rotates in accordance with one embodiment of the present

20  invention.

Figure 24A shows a proximity head that may be utilized for vertical scanning of a

wafer in accordance with one embodiment of the present invention.

Figure 24B shows a side view of the proximity head in accordance with one

embodiment of the present invention.

25 Figure 24C shows an isometric view of the proximity head in accordance with one

embodiment of the present invention.

Figure 25A shows a multi-process window proximity head in accordance with one

embodiment of the present invention.



proximty head(s) may nove in a linear fashion froma center portion of the
wafer to the edge of the wafer. It should be appreciated that other

enbodi menwe oeyiseosat i | i zed where the proximty head(s) PEOMES2003/0a1051 near
fashion from one edge of the wafer to another dianetrically opposite edge
of the wafer, or other non-linear novenents may be utilized 25 such as, for
exanple, in a radial notion, in a spirdk-notion, in a zig-zag notion, etc.
In addition, in one enbodiment, the wafer may be rotated and the proximty
head noved in a |linear fashion so the proximty head process all
portions of thEFiguas 258 s]hctwsmmultdpmlcsas Wlbéovmpwemmltmbdad‘ﬁég tlgetipiocessbodi ment s
may be utilized where the fer ted but. e proximty head is
confi gureé?“’?%’VY?dVé‘CW@?mf’l’i‘\é%’Fe@Fnﬁq 1naen,ig ed’r‘iesteﬂ V@H%?Br es 30 processing
of all portions of the wafer. In addition, the prOX|mty head and the wafer
WO 2004/ 030051 METAS00 DERIKIPTION I0F THERRE ED MIBODEMENEN, descri bed
herein maybe utilized to clean and dry any shape and size of substrates
such as for exaihfentRBFor Mol s appRRHFER RatRAsInghhalr paMmed swafeeis. The
waf er cleaning and drying systemmay be utilized for_ either or both

cl eani fig disdlosett. yinrilye filewirg é@scnléiplm dimgroys Smﬂﬁé'lcc@ﬁ@llsgim &Qt iferith ¥ ordleyeto

tem 5 2A s m 1
ecor danceraifis GRE Rl OB HEPE o tietesh et et SRS st om 100
i ncl udes PQ&/E% YO%Pof ok@idhry skﬂﬂm tﬂQZx@ AR RO proBoht B efltiamphal OF pERtiBedraf er to

enabl e wafer sutfaces to be dried. The system 100 al so includes proximty
heads 106avithodt s‘tm&bondﬂaaf thése spevifieddiaithi. fenther instanges, acHdgown pregessipper arm
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enabl y linear novenent of the proximty heads 106a and 106b
ong?g r Egggéﬂﬂ%énﬂhh wafer. In one enbodinment the proximty head carrier

assenbl y 104 i ed. 136a.pbove the wafer
and the proxi mw?%ti’é %Fgﬁ;hgleg q’tdhetsa'(ia\/\[/fe(l3 elfr?)%rmstoﬁmfaqge pr od;‘i mty to the
vaf er. ThiggbdBinmdes, RGHUGY dpprethtddthiabdegkilied it fiecdit @yom résiiag thechrédedingower
arm 104b be novable in a vertical nmanner so once the proxi mte( heads are

19

nmoved hor ispesificatiops andsiuévmg)&latdir@wng%wsﬂ welizavgions piteedens; aflifionse proxinity

heads 106 106b .c
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be noved to enable wafer processing as described herein. It
true spirit and scope of the invention.

Figures 2A through 2D below illustrate embodiments of an exemplary wafer
processing system. 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)

20  into close proximity to the wafer may be utilized. In the embodiments shown, the
proximity head(s) may 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

25  such as, for example, in a radial motion, in a spiral motion, in a zig-zag motion, etc. In
addition, in one embodiment, the wafer may be rotated and the proximity head moved in a
linear fashion so the proximity head may process all portions of the wafer. It should also
be understood that other embodiments may be utilized where the wafer is not rotated but
the proximity head is configured to move over the wafer in a fashion that enables

30  processing of all portions of the wafer. In addition, the proximity head and the wafer



shoul d be appreciated that the system 100 maybe configured in any suitable
manner as long as the proximty head(s) nmay be noved in close proximty to
t he waf erwocogersersate and control a meni scus as di SCusPEU/USRHIBW31061
reference to Figures 6D through 8B. It should al so be understood that
close proximty may be any suitable distance fromthe 25 wafer as long as a
meni scus as discussed in further reference to Figure 6D through 8B may be
mai nt ai ned. I n one enbodi ment, the proximty heads 106a and 106b (as wel |l
as any other proximty head described herein) nay each be noved to between
about 0. lcleamit@andadi9uily syQemmietorived hieinmfgbe tidlizedito ickere and fleranysbagsssi ng
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PCT/ US200 itiate wafer processing operations, and

in nore pasfprtadivale abeaidiendn the benfiguraionnifthe dysws 106a and 106b (as wel |
as any other proximty head described herein) nay be noved to about 2 nm

from tye waf er Figerémglwsea Wafef ElcRiiAE BSG dftheysteat 100M8 acfirgatice vath alows an
alternate view of the wafer cleaning and drying system 100 in 5 accordance

with one enbatinesindf thé preses émtention.ehhg systenTHY inglydeswoiles, 102p, 193k, and

nbodi ment , has, th i nity head i nbky 104 that i i gur ed
o enabl el¢dsanigh B ol ARl A 685 BaRbob e e rDres PramEr Mk ler “or
the wafer ) §Pues fR1ideepRAgfity AladsNBeRIEIOGh hatSAQMEEnivRanRA CoE filled At e

proxi mty head carrier assenbly 4 may be novable in any suitable manner
t hat woul gn epysd ken To4eamhto adbwehanp!@hbi raspeytivedn dEhel gger 200 Afde aglgbet o cl ean

and/or dry the wafer as desired.. L.n_one enbodi t,.~the.groxipty head
carri & a§§€WBF91Q@mm@éﬁ“5€aﬁ%?%?W?éﬁ“fﬁ“ﬂﬂVﬁ“%ﬁ@y6P%§§H$1thg%d 106a and
106b fro SR foRikiEn & 206 arddn®ewidi-a thiius boted be
understogkdﬂ%s%%lglgﬁuﬁgﬁ%v%ﬁgmﬁﬁlﬁ 01 elgﬁtilng and drying sysgtaem 100 i s shown
with the pagxi mty heads 106a and 106b, that any suitabl e nunber of

proximty heads may be utilized such as, for exanmple, 1, 2, 3, 15 4, 5, 6,

etc. The proxi i e HessiBmIRGRe pRetimity AR anier bivembaf 04 lcoafigured ribldr yi ng
system 100 may al so be any suitable size or shape as shown by, for. exanple,

any of t héhe poxiriityiltepd heeaieboxs theuafer aedhe prosimALty fierd kﬂ@fb@}%mﬁhe wafer in
o oxi f5' y CISBBrHHAIY RECaARLr. THd Y Cf B onRl sty HERle e SoeBa0ad 1€,
vaf er to gl £aR 1608 ShY104BDMRsRbldIM a8RRIM Manddryb dnédthe peoximite hedd aseir f ace
and renmoving the fluids fromthe surface. Therefore, the proximty heads
106a and moved horizontally into a location to start wafer processing, the proximity heads 106a and
106b can be moved vertically to a position in close proximity to the wafer. The upper arm
104a and the lower arm 104b may be configured in any suitable way so the proximity
20 heads 106a and 106b can be moved to enable wafer processing as described herein. It
should be appreciated that the system 100 may be configured in any suitable manner as
long as the proximity head(s) may be moved in close proximity to the wafer to generate
and control a meniscus as discussed below in reference to Figures 6D through 8B. It
should also be understood that close proximity may be any suitable distance from the
25  wafer as long as a meniscus as discussed in further reference to Figure 6D through 8B may
be maintained. In one embodiment, the proximity heads 106a and 106b (as well as any
other proximity head described herein) may each be moved to between about 0.1 mm to
about 10 mm from the wafer to initiate wafer processing operations. In a preferable

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

30  described herein) may each be moved to between about 0.5 mm to about 4.5 mm from the



106b can have any nunerous types of configurations as shown herein or other
configurations that enable the processes described herein. It should al so
be appr ecweat2ed/o3vésat t he system 100 may cl ean and dry omeTdiseém®e1ost t he
waf er or both the top surface and the bottom surface of the wafer. 25 In
addi tion, besides cleaning or drying both the top and bottom surfaces and
of the wafer, the system 100 may al so1be configured to clean one side of
the wafer and dry another side of the wafer if desired by inputting and
outputting different types of fluids. It should be appreciated that the
syst em 10&afeayo itifidte wafdripeocasgihg omeratons,cinddn frfose preferatlh embedinent,dlhe and
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generate a fluid meniscus between the proximity head and the wafer. The fluid meniscus

may be moved across the wafer to clean and dry the wafer by applying fluid to the wafer
20  surface and removing the fluids from the surface. Therefore, the proximity heads 106a and
106b can have any numerous types of configurations as shown herein or other
configurations that enable the processes described herein. It should also be appreciated
that the system 100 may clean and dry one surface of the wafer or both the top surface and

the bottom surface of the wafer.

25 In addition, besides cleaning or drying both the top and bottom surfaces and of the
wafer, the system 100 may also be configured to clean one side of the wafer and dry
another side of the wafer if desired by inputting and outputting different types of fluids. It
should be appreciated that the system 100 may utilize the application of different
chemicals top and bottom in the proximity heads 106a and 106b respectively depending on

30 the operation desired. The proximity heads can be configured to clean and dry the bevel



| i near notion of the proximty heads 106a and 106b and through the rotation
of the wafer 108. The drying or cleaning operation itself is conducted by
at | east woeoofo3ndse proximity heads. Consequently, in @og/ESatcedsment, a
dry area of the wafer 108 woul d expand from a center region to the edge
region of the wafer 108 in a spiral novenent as a drying 25 operation
progresses. In a preferabl e enbodi nent-17the dry are of the wafer 108 woul d
nove around the wafer 108 and the wafer 108 would be dry in one rotation
(if the length of the proximty heads 106a and 106b are at |east a radius
of the waédye oX@g) whler mhaidgiongo cldamng@ndﬁogdryatg tha tQp‘andebwtgmeqﬁth@Wa@ﬁd t he
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form (al so known as IPA inlet), and at |east one source outlet 5 configured
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inlet and the second Source inlet such as, for exanple, cleanin
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enbodi nment east one | PA vapor is adjacent to the at | east
one vacusiovauin BigunetSiB Hmommembbdmmnad]mmélnts 1082t KZbaand KRstcan reatping i nl et

b her 1y nelckis iR Penaieins ot 10§ Brd et tisS Hirtine LR ™!
ot her typé&®c 1 a
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desired an ype o cleaning and drying nechanismis sought to
be enhsncdiection c&pﬁﬁc&ﬁgmﬂiee)vasfaﬂmwtm riesirerdh dn b¥embedimenDiw/ totationt at i on

the meni s SBBHRS QroBarEiPro8 Ridhe W alam 1o R G RrB A b e B and
dry wafer That };an&l) lb\é\éﬂ Bxlo%s%ed into close proximity to the proximity heads 106a and 106b.
However, the rotation itself does not dry the wafer or move fluid on the wafer surfaces
towards the edge of the wafer. Therefore, in an exemplary drying operation, the wet areas
20  of the wafer would be presented to the proximity heads 106a and 106b through both the
linear motion of the proximity heads 106a and 106b and through the rotation of the wafer
108. The drying or cleaning operation itself is conducted by at least one of the proximity
heads. Consequently, in one embodiment, a dry area of the wafer 108 would expand from
a center region to the edge region of the wafer 108 in a spiral movement as a drying
25  operation progresses. In a preferable embodiment, the dry are of the wafer 108 would
move around the wafer 108 and the wafer 108 would be dry in one rotation (if the length
of the proximity heads 106a and 106b are at least a radius of the wafer 108) By changing
the configuration of the system 100 and the orientation of and movement of the proximity
head 106a and/or the proximity head 106b, the drying movement may be changed to
30 accommodate nearly any suitable type of drying path.



the |1 PA vapor inlets, and the vacuumoutlets may be arranged in any
suitable manner if the above orientation is maintained. For exanple, in
addi ti on woO 20603003\ vapor inlet, the vacuum outlet, anacCrhsS20BWsioaiet, in
an additional enbodinment, there nmay be additional sets of |PA vapor
outlets, DIWinlets and/or vacuum outl ets depending on the 25 configuration
of the proximty head desired. Therefot&®, another enbodi nent nay utilize

an | PA-vacuum DI W DI Wvacuum | PA or other exenplary enbodi nents with an | PA
source inlet, vacuum source outlet, and DIWsource inlet configurations are
descri bed herkiiouMd bhuadepsteddthabihe peyximity ireads 1062 agd He@rmapbeicomiguedder ence
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subst ant | mphijecsiia tafag squrce éfeiandriae secand sougceanlft SYBASHIRT §KaRlfe vacuum
region. Figure 2D shows h 1.d - | t f1® SlnBaR NY
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surface 1@8for example, nitrpgan, 2mesuiteBlsalaohobYapOR\PreaRiG ¢qapaungs, ety that May by nity
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on the wafer processes desired and what type of wafer cleaning and drying mechanism is

sought to be enhanced. In a preferable embodiment, the IPA-vacuum-DIW orientation
may be utilized to intelligently and powerfully generate, control, and move the meniscus

20  located between a proximity head and a wafer to clean and dry wafers. The DIW inlets,
the 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 IPA vapor inlet, the
vacuum outlet, and the DIW inlet, in an additional embodiment, there may be additional
sets of IPA vapor outlets, DIW inlets and/or vacuum outlets depending on the

25  configuration of the proximity head desired. Therefore, another embodiment may utilize
an IPA-vacuum-DIW-DIW-vacuum-IPA or other exemplary embodiments with an IPA
source inlet, vacuum source outlet, and DIW source inlet configurations are described
herein with a preferable embodiment being described in reference to Fjgure 6D. It should
be appreciated that the exact configuration of the IPA-vacuum-DIW orientation may be

30  varied depending on the application. For example, the distance between the IPA input,

vacuum, and DIW input locations may be varied so the distances are consistent or so the



20 wafer surface to output the |IPA vapor, the DIW and the fluids that may
be on a wafer surface. It should be appreciated that although IPA is
utilized wWo 200u03e05e¢npl ary enbodi ment, any ot her suitablPeTtusp@3mB10dapor may
be utilized such as for exanple, nitrogen, any suitable al cohol vapor,

or gani ¢ conpounds, hexanol, ethyl glycol, etc. that may be mscible with
wat er. The portion of the DIWthat is-its-the regi on between the 25
proximty head and the wafer is the neniscus. It should be appreciated that
as used herein, the term"output” can refer to the renoval of fluid froma
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proxi m t ytheeacsuniesgidie configured to nove in a spiral manner fromthe
center to the edge of the wafer 108 or vice versa. In a preferable

enbodi nent, whefputdED BRGNS sMdiber BRIBESos8up vidvabOte waled @iy dddattyiagr adi us of

the wafer, the proximty heads 106a and 106b may be noved over the entire
surface ofysteme 10@ineaccondanseevitlp org ¢robodimantpfdhapresentiygntigtht In thise  proximity

heads,k 104a and 104h nay be, conf,i ed .t ve Jin_a l.i.near. f i . k and
10 ok n epedueahdareriogsads Mg Pl e tetn dpaBfein e elhnd
and/ or 108, MRY%ulce TISAGHE 28 ttomkuyBe FIRBIITEEe WAk )OS RBpectiveYibiygur ati ons as
di scussed below in reference to Figure 5C through 5H may be utili zed.

Consequentitilization ufitHeguexidiifyleaeé narricoasserylyaiOito f¥nce df thisgositiosy ther 100 nay be
utilized in order to t ai optim zafi of waf er. Qcessin
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and dryin tgo%gé{aﬁie&%% gefibiafd Whtet prraf‘:%i'ngl'srﬁéhi&&a@ééan EOnAGGANSMB RN 08 one
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. over . fer
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reference to Figures 6 through 9B where IPA vapor and DIW are inputted into the region

between the wafer 108 and the proximity heads 106a and 106b. At substantially the same
time the IPA and DIW is inputted, a vacuum may be applied in close proximity to the

20  wafer surface to output the IPA vapor, the DIW, and the fluids that may be on a wafer
surface. It should be appreciated that although IPA is utilized in the exemplary
embodiment, any other suitable type of vapor may be utilized such as for example,
nitrogen, any suitable alcohol vapor, organic compounds, hexanol, ethyl glycol, etc. that
may be miscible with water. The portion of the DIW that is in the region between the

25  proximity head and the wafer is the meniscus. It should be appreciated that as used
herein, the term "output" can refer to the removal of fluid from a 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 exemplary embodiment, the proximity heads 106a and 106b may be

30 moved in a manner so all parts of the wafer 108 are cleaned, dried, or both without the



20 106a froma center portion of the wafer 108 towards the edge of the
wafer 108 in a substantially |linear fashion 113. Consequently, in one
enbodi nenwp 2aey/@3besiwaf er 108 noves as shown by rotati omCIAB2003081081 OXi Mty
head 106a is capable of renmoving a fluid filmfromthe top surface 108a of
the wafer 108 using a process described in further detail in reference to
Figures 6 through 8. Therefore, the proxi mty head 106a may dry the wafer
25 108 in a substantially spiral path over the wafer 108. In another

enbodi nent as shown in reference to Figure 3B, there may be a second
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106b gy e Ri@uUhsss thdW el OB& 4II patisrorte weafet hiefaced H08abAB/or 1Hg wafde dryi ng
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106b may petssedrinst Anatherenthodimenticcondsaationsns dispussss belonyi IpRIeng& iy ni zed
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gure ne enbodi nent, By using the

proxi m ty oP@adsstdA6a0 ai beQfilized Horaysb @btaliOsh optayization of tROGafm waf er in
| ess than 45 seconds. |In another enbodi nent, where the 15 proximty heads

106a and pbssangopetatiosast a radi us of the wafer in length, the drying time
for a wafer may be | ess than 30 seconds. It should be understood that

dryi ngsor cl eaFiguge 3Aishewsmayopeded éltustratingltheywafercl ermin gandtdiging sessem d00whi ch
the proximty heads 106a and 106b travels from.the cfe[ﬁter of .t he..wafer 108
to the edgéthoual prexigpifeheadp s aqeprdgpes With Onf‘e?mﬁ MERt of The Rrese Vo heads

106a and 1060 MRV R0 ih!bARA WM d Righrel 2216 2DMeSipper arm 1042 may be

configured to move and hold the proximity head 106a in a position in close proximity over
the wafer 108. The upper arm 104a may also be configured to move the proximity head

20  106a from a center portion of the wafer 108 towards the edge of the wafer 108 in a
substantially linear fashion 113. Consequently, in one embodiment, as the wafer 108
moves as shown by rotation 112, the proximity head 106a is capable of removing a fluid
film from the top surface 108a of the wafer 108 using a process described in further detail
in reference to Figures 6 through 8. Therefore, the proximity head 106a may dry the wafer

25 108 in a substantially spiral path over the wafer 108. In another embodiment as shown in
reference to Figure 3B, there may be a second proximity head located below the wafer 108

to remove a fluid film from the bottom surface 108b of the wafer 108.

Figure 3B illustrates a side view of the wafer cleaning and drying system 100 with
dual proximity heads in accordance with one embodiment of the present invention. In this

30  embodiment, the system 100 includes both the proximity head 106a capable of processing



20 rotation to dry the wafer 108 in less tine. In yet another enbodi nent,
the rotation of the wafer 108 and the novenent of the proximty heads 106a
and 106b weyobkosaehiusted in conjunction to obtain an ofCiImEs2003/031051

dryi ng/ cl eani ng speed. In one enbodinent, the proximty heads 106a and
106b may nove linearly froma center region of the wafer 108 to the edge
of the wafer 108 at between about O mm2per second to about 50 mm per 25
second. Figure 4A shows a top view of a wafer cleaning and drying system
100-1 which includes nultiple proximty heads for a particular surface of
t he waf er ai@Bsurface of ihecheaferel 08waint thapreximtychtiadd A6b edpablecofpressasing f holéemi on.
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time may be decreased by increasing the speed at which the proximity heads 106a and

106b travels from the center of the wafer 108 to the edge of the wafer 108. In another
embodiment, the proximity heads 106a and 106b may be utilized with a faster wafer

20  rotation to dry the wafer 108 in less time. In yet another embodiment, the rotation of the
wafer 108 and the movement of the proximity heads 106a and 106b may be adjusted in
conjunction to obtain an optimal drying/cleaning speed. In one embodiment, the
proximity heads 106a and 106b may move linearly from a center region of the wafer 108
to the edge of the wafer 108 at between about 0 mm per second to about 50 mm per

25  second.

Figure 4A shows a top view of a wafer cleaning and drying system 100-1 which
includes multiple proximity heads for a particular surface of the wafer 108 in accordance
with one embodiment of the present invention. In this embodiment, the system 100-1
includes an upper arm 104a-1 and an upper arm 104a-2. As shown in Figure 4B, the

30  system 100-1 also may include lower arm 104b-1 and lower arm 104b-2 connected to



20 includes multiple proximty heads for a particular surface of the wafer
108 in accordance wth one enbodi nent of the present invention. In this
enbodi nenwp 206u038954t em 100-1 i ncl udes both the proxi m PgThsads/0306a- 1 and
106a-2 that are capable of processing the top surface 108a of the wafer
108, and proximty heads 106b-1 and 106b-2 capable of processing the
bottom surface 108b of the wafer 108. -25-in the system 100, the spindles 25
111 a and 11 Ib along with a roller arm 109 nay rotate the rollers 102a,
102b, and 102c respectively. This rotation of the rollers 102a, 102b, and
102c may prokintiey idads ¥asbet adBOGhe2 respinsivelyt lmtheysystein 90 ¥, doeprosimitinkeadaf er
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enabl es pf?@%én- mthis wr, e thegpiagon |L 2 eﬁ@e&?%%&%géﬁpggﬁﬁée&%ﬁéﬁ ¥ si ng

time may decreased ! o i i od to dry
the enti rg& L L rwl\éﬁ]u%%pg%h@r@&ﬁ?&nseastﬁta?%ﬁlfeocé\%%g prggi}%g?,%gr E{%Zed may be

about 1 ral fh&@bfoid)SvithPthe tiasainiey cairacel thb groximity heads 1064 Miday2, 166k 1; and
utilized per wafer side. 10 Figure 5A shows a top yiew_of a, wa(ir%r cl eani ng
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process a particular wafer surface.

Figure 4B shows a side view of the wafer cleaning and drying system 100-1 which
20  includes multiple proximity heads for a particular surface of the wafer 108 in accordance
with one embodiment of the present invention. In this embodiment, the system 100-1
includes both the proximity heads 106a-1 and 106a-2 that are capable of processing the top
surface 108a of the wafer 108, and proximity heads 106b-1 and 106b-2 capable of
processing the bottom surface 108b of the wafer 108. As in the system 100, the spindles
25  11laand 111b along with a roller arm 109 may rotate the rollers 102a, 102b, and 102¢
respectively. This rotation of the rollers 102a, 102b, and 102¢ may rotate the wafer 108 so
substantially all surfaces of the wafer 108 may brought in close proximity to the proximity

heads 106a-1, 106a-2, 106b-1, and 106b-2 for wafer processing operations.

In operation, each of the proximity heads 106a-1, 106a-2, 106b-1, and 106b-2 may
30 remove fluids from the wafer 108 by applying IPA, deionized water and vacuum to the top



20 proximty heads 106a-3 and 106b-3 in a horizontal configuration which
extends across a dianeter of the wafer 108 in accordance with one

enbodi nenwoabo4/dseospr esent i nvention. In this enbodi menPCTIUSR003106¥5M t Y
head 106a-3 and the proximty head 106b-3 both are elongated to be able to
span the dianeter of the wafer 108. In one enbodi nent, while the wafer 108
is being rotated, the proximty heads -329®6a-3 and 106b-3 are brought to
close 25 proximty of the wafer surfaces 108a and 108b by the top arm 104a
and a bottomarm 106b-3 respectively. Because the proximty heads 106a-3
and 106b- girexst afdie@®oass subface ofthewafkd 808 anthowm fdér exbmald, i Figntst@t i on may

be needed to clean/dry the wafer 108. Figure 5C shows _.a top view of.a wafer
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106a-3 an e proximty head 106b-3 may nove in directions 121 (e.g.,
top to botieomfer 1(fointaoeortiace ofithnénefinthodem &S thEwesshbingentidve Indiier 108 may

t tati it hout an tati . t dt imty head
1068 3. aA@PofincHb (ot BRI PR A0OTa4h P R #B08 Tt 26008 BB iy of
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dry the wae & progmitydicar 40633 cambai? PesitiRndbatds HECIo% RTAXEHY RO NPfENt of

the 108. Once the proximity head 106a-3 is in close proximity to the wafer 108, the wafer

processing operation of a top surface of the wafer 108 can take place.

Figure 5B shows a side view of a wafer cleaning and drying system 100-2 with the

20  proximity heads 106a-3 and 106b-3 in a horizontal configuration which extends across a
diameter of the wafer 108 in accordance with one embodiment of the present invention. In
this embodiment, the proximity head 106a-3 and the proximity head 106b-3 both are
elongated to be able to span the diameter of the wafer 108. In one embodiment, while the
wafer 108 is being rotated, the proximity heads 106a-3 and 106b-3 are brought to close

25  proximity of the wafer surfaces 108a and 108b by the top arm 104a and a bottom arm
106b-3 respectively. Because the proximity heads 106a-3 and 106b-3 extend across the
wafer 108, only half of a full rotation may be needed to clean/dry the wafer 108.

Figure 5C shows a top view of a wafer cleaning and drying system 100-3 with the
proximity heads 106a-3 and 106b-3 in a horizontal configuration which is configured to

30  clean and/or dry the wafer 108 that is stationary in accordance with one embodiment of the



20 present invention. In this enbodinent, the proximty head 106a-3 is in a
hori zontal position with the wafer 108 also in a horizontal position. By
use of theomoexi3ndsty head 106a-3 and the proximty headCIOsReld/08tvat spans
at least the dianeter of the wafer 108, the wafer 108 may be cl eaned
and/or dried in one pass by noving proximty heads 106a-3 and 106b-3 in
the direction 121 as discussed in reference to Figure 5C. 25 Figure 5E
shows a side view of a wafer cleaning and drying system 100-4 with the
proximty heads 106a-3 and 106b-3 in a vertical configuration enabled to
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enbodi nentjggt he proximty head 106a-4 extends over a radius of the wafer
108 so the proximty head nay process both the

Figure 5D shows a side view of a wafer cleaning and drying system 100-3 with the

proximity heads 106a-3 and 106b-3 in a horizontal configuration which is configured to
clean and/or dry the wafer 108 that is stationary in accordance with one embodiment of the
20  present invention. In this embodiment, the proximity head 106a-3 is in a horizontal
position with the wafer 108 also in a horizontal position. By use of the proximity head
106a-3 and the proximity head 106b-3 that spans at least the diameter of the wafer 108, the
wafer 108 may be cleaned and/or dried in one pass by moving proximity heads 106a-3 and

106b-3 in the direction 121 as discussed in reference to Figure 5C.

25 Figure 5E shows a side view of a wafer cleaning and drying system 100-4 with the
proximity heads 106a-3 and 106b-3 in a vertical configuration enabled to clean and/or dry
the wafer 108 that is stationary in accordance with one embodiment of the present
invention. In this embodiment, the proximity heads 106a-3 and 106b-3 are in a vertical
configuration, and the proximity heads 106a-3 and 106b-3 are configured to move either

30 from left to right, or from right to left, beginning from a first edge of the wafer 108 to a



20 center point of the wafer 108 as wel|l as an edge of the wafer 108 so the
proximty head 106a-4 can cover and process the center point of the wafer
and t he eageoofosndse wafer. In this enbodi ment, the prorcriusgodisa)s1L06a- 4
maybe nmoved into a cleaning/drying position by a vertical novenment of the
upper arm 104a-4 so the proximty head 106a-4 can be in a position that is
in close proximty to the wafer 108. ©age the proximty head 106a-4 is in
25 close proximty to the wafer 108, the wafer processing operation of a
top surface of the wafer 108 can take place. Because, in one enbodi nent,
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being processed. In another embodiment, the proximity head 106a-4 may extend the

radius of the substrate being processed. In a preferable embodiment, the proximity head
106a-4 extends over a radius of the wafer 108 so the proximity head may process both the

20  center point of the wafer 108 as well as an edge of the wafer 108 so the proximity head
106a-4 can cover and process the center point of the wafer and the edge of the wafer. In
this embodiment, the proximity head 106a-4 may be moved into a cleaning/drying position
by a vertical movement of the upper arm 104a-4 so the proximity head 106a-4 can be in a
position that is in close proximity to the wafer 108. Once the proximity head 106a-4 isin

25  close proximity to the wafer 108, the wafer processing operation of a top surface of the
wafer 108 can take place. Because, in one embodiment, the proximity head 106a-4

extends over the radius of the wafer, the wafer may be cleaned and/or dried in one rotation.

Figure 5H shows a side view of a wafer cleaning and drying system 100-5 with the
proximity heads 106a-4 and 106b-4 in a horizontal configuration which extends across a

30 radius of the wafer 108 in accordance with one embodiment of the present invention. In
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may include a source inlet 306 on a | eading edge 109 with a source outl et
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conmbi n&it i eRfeprsdessingmiag batohdrst inoee sifstanhe source inlet 302 is adjacent
to at |least one of 20 the source outlet 304 which is in turn adjacent to at

| east one of tIpgy3@YAGRoWEh prox3fty hddiEinlet/outlet orientation 117 that may be utilized
to clean and dry the wafer 108 in accordance with one embodiment of the present
invention. In one embodiment, the orientation 117 is a portion of a proximity head 106a
where other source inlets 302 and 306 in addition to other source outlets 304 may be
20 utilized in addition to the orientation 117 shown. The orientation 117 may include a
source inlet 306 on a leading edge 109 with a source outlet 304 in between the source inlet

306 and the source outlet 302.

Figure 6B shows another proximity head inlet/outlet orientation 119 that may be
utilized to clean and dry the wafer 108 in accordance with one embodiment of the present
25  invention. In one embodiment, the orientation 119 is a portion of a proximity head 106a
where other source inlets 302 and 306 in addition to other source outlets 304 may be
utilized in addition to the orientation 119 shown. The orientation 119 may include a
source outlet 304 on a leading edge 109 with a source inlet 302 in between the source

outlet 304 and the source inlet 306.



| PA may be in any suitable formsuch as, for exanple, |IPA vapor where | PA
in vapor form is inputted through use of a N2 gas. Mreover, although DIW
is utilizwo Zeevespest any ot her suitable fluid maybe uti [PCTa$2003881088Y

enabl e or enhance the wafer processing such as, for exanple, water
purified in other ways, cleaning fluids, etc. In one enbodinent, an |IPA 25
inflow 310 is provided through the souere inlet 302, a vacuum 312 may be
applied through the source outlet 304 and DIWinflow 314 naybe provided
through the source inlet 306. Therefore, an enbodi nent of the
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combination of source inlets and source outlets may be utilized as long as at least one

combination exists where at least one of the source inlet 302 is adjacent to at least one of

20  the source outlet 304 which is in turn adjacent to at least one of the source inlet 306.7 The
IPA may be in any suitable form such as, for example, IPA vapor where IPA in vapor form
is inputted through use of a N, gas. Moreover, although DIW is utilized herein, any other
suitable fluid may be utilized that may enable or enhance the wafer processing such as, for
example, water purified in other ways, cleaning fluids, etc. In one embodiment, an IPA

25  inflow 310 is provided through the source inlet 302, a vacuum 312 may be applied through
the source outlet 304 and DIW inflow 314 may be provided through the source inlet 306.
Therefore, an embodiment of the IPA-vacuum-DIW orientation as described above in
reference to Figure 2 is utilized. 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

30  fluid pressure may be applied to the wafer surface by the DIW inflow 314, and a third fluid



contain the nmeniscus 116. The flow rate of the I PA assists in causing a
shift or a push of water flow out of the region between the proximty head
and t he vabenogulpdsace and into the source outlets 304 trlarasgén3mwbiosh t he
fluids may be outputted fromthe proximty head. Therefore, as the |IPA 25
and the DIWis pulled into the source outlets 304, the boundary maeki ng up
the IPADW interface 118 is not a conginuous boundary because gas (e.g.,
air) is being pulled into the source outlets 304 along with the fluids. In
one enbodi ment, as the vacuumfromthe source outlet 304 pulls the DIW
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20 a preferabl e enbodi nent, the |PA ro rate i s ff thvveen bout . ﬁ') H %
SCEM applied toward the surface and being remove at substantla y the same 1me wit ui

on the wafer surface. The nearly immediate removal of the DIW from the wafer surface

prevents the formation of fluid droplets on the region of the wafer surface being dried

thereby reducing the possibility of contamination drying on the wafer 108. The pressure
20  (which is caused by the flow rate of the IPA) of the downward injection of IPA also helps

contain the meniscus 116.

The flow rate of the IPA assists in causing a shift or a push of water flow out of the
region between the proximity head and the wafer surface and into the source outlets 304
through which the fluids may be outputted from the proximity head. Therefore, as the IPA
25  and the DIW is pulled into the source outlets 304, the boundary making up the IPA/DIW
interface 118 is not a continuous boundary because gas (e.g., air) is being pulled into the
source outlets 304 along with the fluids. In one embodiment, as the vacuum from the
source outlet 304 pulls the DIW, IPA, and the fluid on the wafer surface, the flow into the
source outlet 304 is discontinuous. This flow discontinuity is analogous to fluid and gas

30  being pulled up through a straw when a vacuum is exerted on combination of fluid and



In one enbodinent, the flowrate for the vacuumthrough a set of the source
outlets 304 is between about 10 standard cubic feet per hour (SCFH) to
about 12500204300 a preferabl e enbodi ment, the fl ow Paraistars/oaiodacuum

t hough the set of the source outlets 304 is about 350 SCFH. In an

exenpl ary enbodi nent, a flow nmeter nmay be utilized to 25 nmeasure the flow
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In one embodiment, the flow rate of the IPA vapor through a set of the source
inlets 302 is between about 1 standard cubic feet per hour (SCFH) to about 100 SCFH. In
20  apreferable embodiment, the IPA flow rate is between about 5 and 50 SCFM.

In one embodiment, the flow rate for the vacuum through a set of the source outlets
304 is 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 source outlets 304
is about 350 SCFH. In an exemplary embodiment, a flow meter may be utilized to
25  measure the flow rate of the IPA, DIW, and the vacuum.

Figure 6E shows another wafer drying process using another source inlet/outlet
orientation that may be conducted by a proximity head 106a in accordance with one
embodiment of the present invention. In this embodiment, the proximity head 106a may
be moved over the top surface 108a of the wafer 108 so the meniscus may be moved along

30  the wafer surface 108a. The meniscus applies fluid to the wafer surface and removes fluid



addi tional source outlet 307 is included adjacent to the source inlet 306
on a side opposite that of the source outlet 304. In such an enbodi nent,

DI Wnmay bwoizapuisb@d t hr ough the source inlet 306 whil epPaTdiskémsnarist
solution such as, for exanple, a cleaning solution may be inputted through
the source inlet 307. Therefore, a cleaning solution flow 315 may be 25
utilized to enhance cleaning of the wafier 108 while at substantially the
sanme tinme drying the top surface 108a of the wafer 108. Figure 7A
illustrates a proximty head 106 performng a drying operation in
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i nvent i on g iel190 Buldd vemgaBiRbesd Rb@dhd Water ElreacequBL£e i nlets 302' and 306 and
the source 20 outlet(s) 304 described herein nmay be angled in any suitable

way to optim zg;dReefifils another source inlet and outlet orientation where an additional

source outlet 307 may be utilized to input an additional fluid in accordance with one

embodiment of the present invention. The orientation of inlets and outlets as shown in

20  Figure 6E is the orientation described in further detail in reference to Figure 6D except the
additional source outlet 307 is included adjacent to the source inlet 306 on a side opposite
that of the source outlet 304. In such an embodiment, DIW may be inputted through the
source inlet 306 while a different solution such as, for example, a cleaning solution may be
inputted through the source inlet 307. Therefore, a cleaning solution flow 315 may be

25  utilized to enhance cleaning of the wafer 108 while at substantially the same time drying
the top surface 108a of the wafer 108.

Figure 7A illustrates a proximity head 106 performing a drying 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

30  to conduct a cleaning and/or drying operation. It should be appreciated that the proximity



cl eani ng and/ or drying process. In one enbodinent, the angled source inlets
302" that input |PA vapor onto the wafer 108 is angled toward the source
inlets 30Wo=xwetn3visat the | PA vapor flow is directed toPcantsadn3/osiost

meni scus 116. Figure 7D illustrates a proximty head 106 with angl ed source
inlets 302° and 25 angled source outlets 304" performng a drying
operation in accordance with one enbedinent of the present invention. It
shoul d be appreciated that the source inlets 302° and 306 and the angl ed
source outlet(s) 304" described herein may be angled in any suitable way
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Figure 7C illustrates a proximity head 106 with angled source inlets 302'
performing a drying operation in accordance with one embodiment of the present
invention. It should be appreciated that the source inlets 302' and 306 and the source

20  outlet(s) 304 described herein may be angled in any suitable way to optimize the wafer
cleaning and/or drying process. In one embodiment, the angled source inlets 302' that
input IPA vapor onto the wafer 108 is angled toward the source inlets 306 such that the

IPA vapor flow is directed to contain the meniscus 116.

Figure 7D illustrates a proximity head 106 with angled source inlets 302" and
25  angled source outlets 304' performing a drying operation in accordance with one
embodiment of the present invention. It should be appreciated that the source inlets 302"
and 306 and the angled source outlet(s) 304' described herein may be angled in any

suitable way to optimize the wafer cleaning and/or drying process.

Tn one embodiment, the angled source inlets 302' that input IPA vapor onto the

30  wafer 108 is angled at an angle 850 toward the source inlets 306 such that the IPA vapor



306 may be utilized for IPA inflow 310 and DIWinflow 314 respectively

whil e the source outlet 304 may be utilized to apply vacuum 312. It should
be appr ecweted/ahett any suitable configuration of sour®ETIUsReB®3IBOL,
source outlets 304 and source inlets 306 may be utilized. For exanple, the
proximty heads 106 and 106b nmay have a configuration of 25 source inlets
and source outlets |like the configurateon described above in reference to
Figure 7A and 7B. In addition, in yet nore enbodinents, the proximty heads
106 and 106b may be of a configuration as shown below in reference to

Fi gures 9fi6wiodightteiTo chnyin theinteatsbes Bifr feangdisogrct nuidet3OAtmay, et t he

meni scus 116 nay be dried by the novenent = of the i scus 6 into and
away fronsmbedizgnt be anglegtznaaelyfoodeWpieT tespetsss g‘igt'j[ SHQ'éléqui gure 8B

shows the proxim ead 06 and 1 in ani ng

and dryin p§§”§?§%ﬁ%@8§? #ﬁ‘?‘?@gd\jﬁ\} et%‘%%né %Wito letaﬁglfeg?ags%oﬁl{l@

I nvent I oNgptivhie (i B RiFERGhI®Acontfie komkiiséns 1N6ath dRSernbatimsst thetanglet op

surface 10%a of the wafer 108, and the c{)roxi mty head 106b processes the
e

bot t or§ subgicerafer HBH) ddgredsandddse than®9. degredy, andh the angla Ysoxig sesmter HeanUpa and
the DIWby the source inlets 302_and 306 respectivel and, b se t he
vacuum fr é@@%é‘n@ dasp Sangi0rdegreespdn aPFFéerﬁJ%]ﬁiegﬁ’lﬁ 1y tﬁ%ﬂﬁj‘* Pap #e%’oubg{ ween
the proxingity head 106.and . t L 1T ad
106b andg‘]?g%es i apgder Hrﬁ}éep%rl%\%%&%@%ﬁ% Q%San?geﬁgﬁg at{glggﬂ élgﬁ%f IEntlgrf)ébrogftaor e

the meni sgsgedlf, THERNR®FRHEtheawle dshadimtedan eapsdfablepanif ey ogimikace in
an manner so the entire water 108 10 can be dried. Figure 9Aillustrates a

processi ngnewisosiomarkz8mént. fin ane emtadiventyithehangleedsocnt sl areede Onf meyibe fieesent
invention. In one enbodi ment, the processin 'ndclw 538-1 inclyude a

pl ur al§ t ysasne, god inanather smbodimenk,the @Eﬁge §-‘ﬁ@a tﬁ%a%g % Peve WY b§ gﬁ%"'r@ﬁu ce
outlets 304. The_ pro i | W, =1 o r.egi Roa't the head
106 (or a Zigltgﬁg? a:ﬁ%e%sﬁ%%eﬁlﬁ{e% eadarrﬁiz(?feagjglﬁc%gleﬁggg?E())&??lg}tl@ér’%%Bg}é’nﬂeﬁ? ate
and cont r ghrdePef the Retizuss thdpbe mbhesledrdr defineh enptherdtasicontrol thel dyyit38- 1 may
be a region that dries and/or cleans a wafer if the proximty head 106 is
desired t endfer elsaning theshecerhgingarrocasitdone enbodi ment, the processing

wi ndow 538-1 is a substantially rectangular shape. It shoul d be appreciated
that the size FigurdeApletetssiasyloviedoftiEIBoximityrheads 1 Qstandrl 06h fertse én a

processi ng wi ndow 20 descri bed, herei may be.any suitable l.en d
wi dt h1?as %g@lé’ﬁaff’rr 2e° tiope @nﬁis %}%@ %écqolr‘iia@ghvé e egr@ﬁgg?%trﬁt% N y
circular pracessidgod! RAIGY efbdtmést, by usage of source inlets 302 and 306 to input IPA

and DIW respectively along with the source outlet 304 to provide a vacuum, the meniscus

116 may be generated. In addition, on the side of the source inlet 306 opposite that of the
source inlet 302, there may be a source outlet 304 to remove DIW and to keep the

20 meniscus 116 intact. As discussed above, in one embodiment, the source inlets 302 and
306 may be utilized for IPA inflow 310 and DIW inflow 314 respectively while the source
outlet 304 may be utilized to apply vacuum 312. It should be appreciated that any suitable
configuration of source inlets 302, source outlets 304 and source inlets 306 may be
utilized. For example, the proximity heads 106 and 106b may have a configuration of

25  source inlets and source outlets like the configuration described above in reference to
Figure 7A and 7B. In addition, in yet more embodiments, the proximity heads 106 and
106b may be of a configuration as shown below in reference to Figures 9 through 15. Any
suitable surface coming into contact with the meniscus 116 may be dried by the movement

of the meniscus 116 into and away from the surface.



accordance wth one enbodi nent of the present invention. In one enbodinent,
the processing w ndow 538-2 nmay include a plurality of source inlets 302
and 306 awo 2ab#30@1 plurality of source outlets 304. Thecprusees®B3rglt wi ndow
538-2 is a region on the proximty 25 head 106 (or any other proximty head
referenced herein) that may generate and control the neniscus 116.
Therefore, the processi ng wi ndow 538-2-3ay be a region that dries and/or
cleans a wafer if the proximty head 106 is desired to be used in that
manner. In one enbodinent, the processing w ndow 538-2 is a substantially
circul ar shape Figirg8Bsho@s the preximitydwads Hitoandsidioh gn aidnelovefBaauzce n

d it h 30 di t of th t..l jon. ln. .
enbodi mon iSRS B SEERE PR RGN B S ThPPS BB BB hritietrsd d MY 051
-34 may i 'Tﬁ'tﬂiggmﬁocﬂhiéhékﬂetpfoﬁgrbi%w&qos BtRESeS B 18 sur2e 1084 ofthe Yafler

plurality of source outlets The processing wi ndow 538-3 is a region
on the pr dOBnandythéprcit®Bh¢anlr 1 0ahyprodebses thegradtoimiurfach ebitdbetfidheweatsd 10&r ei n)

i ndows L3t it o6t pad B8 HRCLY Skt ined A ShGaferespreingnd "
proxi m ty Read ¢ dgéulﬂx?%ioﬁﬁﬂ_e §QurE ottiR 40k hé PRhisBRMS may Be RMRegTDOdI ment ,

the processing wndow 538-3 Is a substantially oval in shape. Figure 9D
i |1 ustr at éstveeepribeposimity héadd@d aba Bredwafiar Hicarddmtwesnvthe hroxmuity bedsodlotrent  of

t he present .invention. | n one enbodi , i i nd 538-4

i ncl 5desa aaﬂltﬁ%‘w{elp?%%- Ehspregimpipy %aégg&%ﬂ)%?g%%;ﬁ%%gqgﬁgdﬂﬁﬁ%ﬁ?y o;m d
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may gdoer akgbaddedontrol the neniscus 116. Therefore, the processing
w ndow 538-4 may be a region that dries and/or cleans a wafer if the

proxi mty head f@cion Heskdi@ch frocdeindsaddd 588atin BEJdA@Mce Withwre embodi ment ,
the processing W ndow 538-4 i's a substantially square shape. 15 Figure 10A

shows an exdwdiment of theqeesntinmedions 38 one enbedinient, planrasdssipg indap el
inlets 302 and 3Q6 | t he, pl ycal ity of | 304 |
hccor dancd™a REna PruHas af Rawbe ik 17 i 0sna Rt paHl sy bubifs
enbodi ment3pqt Hpe PERESSS: Wid¥daVs383Bish fefion QR RbLiRHHy TRYd D66 (648 otHer

direction 546 across a wafer during, for exanple, a wafer dryin
oper atlSon.proxinstydivad refencherdi heeain), that mayogdnetate/ardecontroDihe mgpissne blint er 1 ui ds

on a 20 er surface on.a | eadi ng edge region 548. .The |.eading ed r.egi on
545 1 o an RGOy HEREOCR BRI EEY PSSR B ARGRon 7! Gtk §1OAG BPOLasarer it
encount er spf hiyxHsit) hEsi 10650 B 8 Ye AscdliAtHat Rnner. In one embodiment, the

processing window 538-1 is a substantially rectangular shape. It should be appreciated

that the size of the processing window 538-1 (or any other suitable processing window

20  described herein) may be any suitable length and width (as seen from a top view).

Figure 9B illustrates a substantially circular processing window 538-2 in
accordance with one embodiment of the present invention. In one embodiment, the
processing window 538-2 may include a plurality of source inlets 302 and 306 and also a
plurality of source outlets 304. The processing window 538-2 is a region on the proximity

25  head 106 (or any other proximity head referenced herein) that may generate and control the
meniscus 116. Therefore, the processing window 538-2 may be a region that dries and/or
cleans a wafer if the proximity head 106 is desired to be used in that manner. In one

embodiment, the processing window 538-2 is a substantially circular shape.

Figure 9C illustrates a processing window 538-3 in accordance with one

30 embodiment of the present invention. In one embodiment, the processing window 538-3



edge region 560 is an area of the proximty head 106 that encounters the
area being processed last. As the proximty head 106 and t he process

wi ndow 53802o0i4mshesded t herein nove across the wafer i nPCRAISAVa3Matos0N 546,
the wet area of the wafer surface enter the 25 process w ndow 538-1 through
t he | eadi ng edge region 548. Then after processing of the wet region of
the wafer surface by the neniscus that3ds generated and control |l ably

mai nt ai ned and managed by the process w ndow 538-1, the wet region is dried
and the dried region of the wafer (or substrate) |eaves the process w ndow
538- 1 t hrpsgichde aalurkity of scgee inbes B2 SB0B0SH andredsopy pxiality 9f suteg oPdsts As

di scussed in reference to Figu 9A WO 2004/ 03005 CT, 003/ .0 51 -35
t hr ough 9194 tThe Pﬁ?@é%@%“%d?ﬂ"o@?%%@ aregion o dhe, pox Eﬂ’?f}' E‘Bqdllldgﬁglb@l scgﬂng as, for
exanpl e, S4B, kétlisns 1€6.c. Figure
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appl y a”delﬁl% LSERVEE the pledsht fiveich, STldn@ emibofinant,&hé pmmtngrmndew 5384 one
enbodi nment, e processing region 540 incl udes 't he lurality of source

inlets 30Ray tmmqaraqﬂmsnhtmg" soege anlet 402 pad 306 anchdona RBrlity QEBAHTS THiGHS

includes the plurality of ur, outlets 30 and th ion
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P embodiment of the present invention. In one embodiment, the process window 538-1 in

operation may be moved in direction 546 across a wafer during, for example, a wafer
drying operation. In such an embodiment, a proximity head 106 may encounter fluids on a

20  wafer surface on a leading edge region 548. The leading edge region 548 is an area of the
proximity head 106 that, in a drying process, encounters fluids first. Conversely a trailing
edge region 560 is an area of the proximity head 106 that encounters the area being
processed last. As the proximity head 106 and the process window 538-1 included therein
move across the wafer in the direction 546, the wet area of the wafer surface enter the

25  process window 538-1 through the leading edge region 548. Then after processing of the
wet region of the wafer surface by the meniscus that is generated and controllably
maintained and managed by the process window 538-1, the wet region is dried and the
dried region of the wafer (or substrate) leaves the process window 538-1 through a trailing
edge region 560 of the proximity head 106. As discussed in reference to Figures 9A



538 is dried. The drying occurs because fluid that is on that portion of
the wafer surface that contacts the neniscus 116 is renoved as the

meni scus wowest/sven the surface. 25 Therefore, wet surf@&cegrsefosaswaf er may
enter the process w ndow 538 through the opening 541 in the region 540 and
by contacting the fluid nmeniscus may undergo a drying process. It should
be appreciated that although the pluralssty of source inlets 302, the
plurality of source inlets 306, and the plurality of source outlets 304 are
shown in this enbodi nent, other enbodinments nay be utilized where any

sui t abl e thekdromfthé p@ceuwwiadow 3881 mhat s BY2pitshie sisapesueh as) fatesadpB, and
the source outlets 304 nay be utilized as |l ong as the WO 2004/ 030051

PCT/ US2005ctmg0ian, squass, QishRnlYRh 581t r¥frber of the plurality of source
inlets 302, the source inlets 306, and the source outlets 306 may generate
a stabl e, contFigurab)Rshdws progassing segionsid4, $42a aaid y44hof aproxipity hgadg 00 n

substrate. It should b d t t hat i t trat h
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and 5 et BodeladredRne Sh@%dz,@fdes'm-(ﬂﬁirg%aﬂbelﬂg $HORLGNthE Brdlleh ligtd)athiske

exenpl ary enbodiments of ‘the proximty head 106. It should be appreciated
any of t hap didffrecessing evibduv redisensedd inheferpnox iofigyreHdAd Hewuldiecri bed may

be used as one or, both of the proximty.head 6a and 106 escrl

above in PRTEsiated et freprgegseins g%_l?lﬁg’]élhg% ﬁPé iépglﬁ%% a%%_’/gl%l ]ejijees?‘(%errﬁ]lw;o(r}y _
figures 1 bade0cif & bR, B td kY, sBARGrEMADSARY sérll-Sqiale e Rirhgur at i on
or size that nmay enable the fluid renoval process as described in Figures
6 to 10. Eheaslbog es aample andwentratabld fluidinenkseus gandei generptaddheisan epply iabéd

her ei b ilized i . sui tahl f | eani d i t
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have any e nunbers shapes of source outle 04 and source
i nl ets 30&newd a806acuuin shglihdubes thppledityo Esburdetrartletst 34 s indlethe prachssing
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of the |IPA-fyacuum rentation” in a process w ndow or a variant thereof
as degsri badetaBo¥ ¢.g.na vefenenog). Thetregidh S0 ebsantidhomgloudds the hegiembtdi ment s
of the proximty head 106 as descri bed bel o ref.eren

Wi .0 _Fi 1
through 1Xhubhas MAPETBERAH YRR hersrare R sQrerialels Wtk ga‘{ng%&&%%g%‘f%}é
540, 542, tﬁe%ro?éhéwﬁﬁdo%%@ﬁbed in reference to Figures 9A through 10B
above.

Therefore, in operation, the proximity head 106 generates a fluid meniscus by

application of IPA, DIW, and vacuum, in the regions 540, 542, and 544 in the process

20 window 538 (as shown in Figure 10A). When the proximity head 106 is moving over the
wafer surface in an exemplary drying operation, the wafer surface that moves through the
opening 541 in the region 542 and contacts the meniscus 116 within the process window
538 is dried. The drying occurs because fluid that is on that portion of the wafer surface
that contacts the meniscus 116 is removed as the meniscus moves over the surface.

25  Therefore, wet surfaces of a wafer may enter the process window 538 through the opening

541 in the region 540 and by contacting the fluid meniscus may undergo a drying process.

It should be appreciated that although the plurality of source inlets 302, the
plurality of source inlets 306, and the plurality of source outlets 304 are shown in this
embodiment, other embodiments may be utilized where any suitable number of the source

30 inlets 302, the source inlets 306, and the source outlets 304 may be utilized as long as the



In addition, the proximty heads described herein may be utilized for
either cleaning or drying operations depending on the fluid that is

i nput t ed wocdoeupesit ed from the source 25 inlets 302 anaC30G2o0mndioshe
source outlets 304. In addition, the proximty heads described herein may
have multiple inlet lines and multiple outlet lines with the ability to
control the relative flowrates of |igai d and/ or vapor and/or gas through
the outlets and inlets. It should be appreciated that every group of
source inlets and source outlets can have independent control of the
flows. WRcafgdra030 aad nRaBérdSZR0ANAH R0 sourcg inlets 39RohE doree ipes 3e6.a0dd t hat

the size as well as the | ocations of.fhe so j n] ets. tl.e b
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openi fys wethpaelogpdessabedinegeid. 302 i s about 0.03 inch. In one embodi nent the
source inlets 302 and 306 in addition to the source outlets 304 are spaced
about 0.03 i ncHigared 1allmouglo 1 4illustate gpemplary gmbpdiments phHiedrerpdliisatt | the

source inle 306 e spaced,0.1 i apar . e . t
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conf i gur atbove in sdfeprge tarfigwes 24 throsglt Hads shown by shafxemplaryagirestpt o

ot TS oBHBR, thetakimiBgn A e by SN L4 inibli BF sief uf Bl shiltflo pe?® | 0N
confi gured ifle o%???ées%g@&es&%gdqn Faoedadioel 0 MiheasthR! ady, edmeforalledmia ol | ed,
ui d neni scus.

st abl e, nanageabl e I'n a preferable enbodinent, the .
pr oxi mi t ypheadityhyadsdescribydberein nranbd wilized in dusnitabledvaler desmentemdddyiss

Fi 10A th h 14C. T i f i mit ad t

any st amrem sichamgopenarnle Bn o 05 Eupoh el AEfe MR HEtRREE on:

the | engt b fblAba hob. K AMRACHE MRy RERMEES alth REAYn Ahiliie npfbuis { ¥
e“between 1.0

heads may inch to 20 about 18.0 inches and the width (froma
top Vigw shgwipagof doerderondeis SOdand swrcaaleth302 dndi306e At shiovld berpprecintethout 6. 0

i nches. Al wh th head b timzed .t .
SUT Labi o §hes Enecdnaifion Brog ey RIS PEPVLRR b Vs re oSEE MG 4 o
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sui tabl e
described in Figures 11 through 14 are manifolds that enable usage of the IPA-vacuum-

DIW orientation in a process window or a variant thereof as described above in reference

20  to Figures 2 through 10. The embodiments of the proximity head 106 as described below
in reference to Figures 11 through 14 all have embodiments of the process window 538,
and regions 540, 542, and 544 as described in reference to Figures 9A through 10B above.
In addition, the proximity heads described herein may be utilized for either cleaning or
drying operations depending on the fluid that is inputted and outputted from the source

25  inlets 302 and 306, and the source outlets 304. In addition, the proximity heads described
herein may have multiple inlet lines and multiple outlet lines with the ability to control the
relative flow rates of liquid and/or vapor and/or gas through the outlets and inlets. It
should be appreciated that every group of source inlets and source outlets can have

independent control of the flows.



| ong as such a configuration may generate a controlled stable and
manageabl e fluid 25 neniscus. Figure 11A shows a top view of a proximty
head 106-wowoe4n3eogubstantially rectangul ar shape in aecorams®3wst h one
enbodi ment of the present invention. In this enbodinent, the proximty
head 106-1 includes three of the source inlets 302 which, in one

enbodi nent, applies IPAto a surface e87f{he wafer 108. WD 2004/ 030051
PCT/ US2003/ 031051 -38 In this enbodi nent, the source inlets 302 are
capabl e of applying | PA toward a wafer surface region, the source inlets
306 are capabl B shéuldpphypragiatof izt dwesizt astvecllvsftbe locgtivsaddhe sagresrinletind t he
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suitabl e source inlet or source outlet depending on the configuration
desired. s@ecainbas d6 arhepaved0ilgaindh apartdtom paehadhar @ad ithy wurceanlets 344306

with the source outlets 304 t he nmenisc 116 f - en the
pr oxi H@tyaWéQEFeild)ﬁ{Qf 3 al?%“&ﬁ?%f‘ouﬁféﬂe%ﬁ%@ agﬁgt%%%éc{)?&ﬁﬁg%ﬁ‘gﬁ&s Us 116 may
vary dependi ng on the configuration and di nension of .t hg,, igr ox'gn‘i t,g head
106-1. It shouMdﬁ@n&%ﬂﬁPf%@é‘WWSWnﬁb‘?‘?cgssgﬁg’é’,e%Abfﬁ, FERREI8 Yy any
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enbodi MentembbBnd@the Fro%Bnitpheddabidy be a type of manifold as described in reference to
Figures 10A through 14C. The size of the proximity heads may be varied to any suitable
size depending on the application desired. In one embodiment, the length (from a top
view showing the process window) of the proximity heads may be between 1.0 inch to
20  about 18.0 inches and the width (from a top view showing the process window) may be
between about 0.5 to about 6.0 inches. Also when the proximity head may be optimized to
process any suitable size of wafers such as, for example, 200mm wafers, 300, wafers, etc.
The process windows of the proximity heads may be arranged in any suitable manner as

long as such a configuration may generate a controlled stable and manageable fluid

25  meniscus.

Figure 11A shows a top view of a proximity head 106-1 with a substantially
rectangular shape in accordance with one embodiment of the present invention. In this
embodiment, the proximity head 106-1 includes three of the source inlets 302 which, in

one embodiment, applies IPA to a surface of the wafer 108.



25 0.06 inch to 0.18 inch in dianeter. In one enbodi nent, the distance
between the ports is between about 0.125 inch and about 1 inch apart. In a
pr ef er abl woenbspesent , the distance between the ports PSThES2BS®R108bOUL
0.25 inch and about 0.37 inch apart. Figure 11B illustrates a side view of
the proximty head 106-1 in accordance with one enbodi nent of present
invention. The proximty head 106-1 i ngBudes the ports 342a, 30 342b, and
342c. I n one enbodinent, the ports 342a, 342b, and 342c feed source inlets
WD 2004/ 030051 PCT/ US2003/031051 -39 302, source outlets 304, and the
source inlets BOhivasheinhemethg solrce tiets B2 bee aapahde of appdying A tawasdport s may
be any suitable nunber, size, or.sh as long as the rce inlets.302

and 306 a¥afgsyriags regign.dhe W?%t%%%eﬁﬁwmﬁmfﬁppm ﬁ@”&%%’i‘%%?vafef

mai nt ai n, [ i : LR 1Pa FeBfn iM1 ew of

t he proxi rsn'ﬁ?%e@%9’%88F1%e§0%00?g?%gﬁ%gwwépgﬁlgﬁggppg%%%giﬁrrent f of e?he pr esent

i nvent i onclof&proxaaity uf £wreice biitheprafxd 168t Byhtheadpdldatidn of ie ypenunathotiAvent
corresponds to the | eading edge 548 of the proximty_head 106-1. It should
be. appt ociDIP@nd Ray OBREIY? BX[INHE {hakERH rostsls.on 4 Bk SHHERA MY B TREPYFE and
maybe any suitable dinension as long as the source inlets 302 and 306 as
wel | as the solhepraximityhedD6-1 alsairsludsn ppijsid &%, PHtn and Ak thalo beReh| e

cl eaning and/ or drying of .the wafer.108 i,n the i ein. In
one enbodf® HIPKPﬁéoﬁgngﬂ%?gmﬁ8gﬁefé€§%brﬂ%?ﬁH%E%P%%Laﬁ%%ﬁ%%%§@?2654zc

whi ch may - i el QhBuidithiolgh SRYWoe 34DA,8Ush IRAB40ki ch run
paral | el tr%)ssfg ﬁe%whﬁjf{ﬁlg‘éﬁiﬁléﬁﬁezﬁo‘ghoml itn Flg}glgu_rgfl 1C. Figure 12%blshows a
proxi ni t y fhékstnd0fe dputtddoraupmited dirongctha sowteainlet 382 plhe spwre outipt 30#camdar

hape | d i 1h di h ] ion  In thi
e ireniic SMEegsk0R « ATREuE Do goBs iz ddat sadatpE e PUg M e ol 506
that is adiaapl,QBuReLNNS WASarlddht WEcOhld 306 Gt dleflptard @hboBheenefit t he

rows of source outlets 304 is adjacent to two rows of source inlets 302.
Per pendi cgheuld be appreciated tiiwe thermstsB424,13d2b r ands343e swayisupply abeaneoverituid ows  of
source outlets 304. 20 Figure 12B sho ??si e Vview of éﬁg roximty head
106- 2 wi t Hroan gy guitgble spuge gﬂ@tﬂréP“rﬁﬁﬂ‘\Q%%{ PG %t\é\mlpapn ﬁtgoq YS4&tor dance
with one i - ' ' h R ¥RAtlets 308,
proxinity%%gg%eggg%gg%ﬁgﬁﬁgggSggg%gmgﬂgggg%ggﬁ?igﬁgwﬁ342c on a side of the
proxi nst y themenit@f-126 niebeormed BetRacn B Pogximity h8aPtOGrhpndthe wafet 108%d to

i nput and/or output fluids through thg socuir ce inl etsf 30% and ?dOG and the
source The shape of the meniscus 116 may vary depending on the configuration and dimensions

of the proximity head 106-1.

It should be appreciated that the ports 342a, 342b, and 342c for any of the

proximity heads described herein may be any suitable orientation and dimension as long as

20  astable meniscus can be generated and maintained by the source inlets 302, source outlets
304, and source inlets 306. The embodiments of the ports 342a, 342b, and 342c described
herein may be applicable to any of the proximity heads described herein. In one
embodiment, the port size of the ports 342a, 342b, and 342c may be between about 0.03
inch and about 0.25 inch in diameter. In a preferable embodiment, the port size is about

25  0.06 inch to 0.18 inch in diameter. In one embodiment, the distance between the ports is
between about 0.125 inch and about 1 inch apart. In a preferable embodiment, the
distance between the ports is between about 0.25 inch and about 0.37 inch apart.

Figure 11B illustrates a side view of the proximity head 106-1 in accordance with
one embodiment of present invention. The proximity head 106-1 includes the ports 342a,

30  342b, and 342c. In one embodiment, the ports 342a, 342b, and 342c feed source inlets



25 outlets 304. In one enbodi nent, the ports 342a, 342b, and 342c
correspond to the source inlets 302, the source outlets 304, and the
source i nwet204B60mnespectively. Figure 12C shows a back Peiraws2ai3/o8tv81
proximty head 106-2 with a partial rectangular and partial circular shape
in accordance w th one enbodi nent of the present invention. The back side
as shown by the rear view is where thesback side is the square 30 end of
the proximty head 106-2. WD 2004/ 030051 PCT/ US2003/ 031051 -40 Figure 13A
shows a rectangular proximty head 106-3 in accordance with one enbodi nent
of the prapepdurtéwdtd 304, anditheseureeinmets A8htespedivelyr dishontdbenuularsid- 3

i ncl udes a conf%&uration of .source inlets 302 and 306 &@d Sour ce gbglets
304" t hatthpisthe pedts may be guy sHitaBle M RCE Pz ASIERB 2511088 2y 1Ds SAUEE P 2V%f er ence

to Figure .The r L I+t - Bai Uug@Snddaee sour ce
outlets Bﬁlilidt%hagtwe re ﬁglr%gg{rﬂl?téég? g{r%g;ﬁg@ 1%%%12% %&ggbﬁlﬁglgﬁ%’ut l ets §04. n
any of th@epiedsdedt 16.heads descri bed herein, the dianeter of the source
inlets 302 and 306 as well as the source outlets 304 nmaybe altered so

meni squs  genefgifoNc JRWilaGBaRE8y o2 iR pidlalsTiRAd 108 ibeccopdanoe wétl.onkn thi s
enbodi nent, the~ source inlets 302 are capable of applying |PA toward a

waf er surémbalimenf afithe ptesens tveséorl (Thateat §eBOE ﬂm@%@ﬁéﬂﬁ‘é‘iép6épﬁ1 g DI W

toward the wafer surface region, and the source out. ar bl e of
A e T A R e e
108. By DexRRBlilEalaPthedholiify YRRHYIR 1 idiexchipfary Bl Mitumnsldamy nidgr { ype of
fluids tha y reside on a wafer surface may be renoved. The proximty
head 106- siiabkalimendiodeslopgns the3d@me e B02 andi3Gaacwelhag thejspurgp gutlet 5304
enbodi nent, correspond to the s rcle i.nl et, 302.. sour.ce (}lélti(f‘gti 3@4 and
sour cH) i nprstconpgire %%@@Pﬁl@é?ﬁl?%c papng Y BYnR O g T 8 Fhr ough t he
ports 342 , | ; BN the T 10641 PadllicRe thdr ough

t he sourc%ﬁ%@sﬁgh?%égs%éll(l:ée&%ﬁdlﬁg?m%ﬁp and t9t he source inlet 306.

Al t hough irdpat peis $4234@tch B4 feed dtuil 842 deastronesyfdhelsaureehiniaie3 Bagylieh rym) et
302, the source outlet 304, and the sFour Cﬁ '{:nl et 306 in this exenplary
enbodi menpé}rall?ltQ@ileslﬁBW]Rﬂ’r%é“a‘bg}oé‘E}l&t AP RAt t he ports 342a, 342b, and 342c

may supply or renove fluid fromany suitable source inlet or our.cle out | et
dependi ng on t FegucohlA guovas 4 pioxdeisy @6.106%W§h§@a6¥31f%@“861ﬁ¥?‘§ﬁ?%? on of

t he source. inlets 302 and 306 with the ce 0ut | . S | qeNi scus
116 ngéjj b PR AP H I AR, ali“’ﬁew‘m%%ﬁ%’i‘h?oﬁlﬁgﬂgé’?h ﬁrf&glﬁﬁi%tgﬁéonm 08, The
shape of hgoHRMNE FSprbiniFReaMa0y-2iapRael dig row dfteuconflétg80athadis and

di mensi ons
adjacent on both sides to rows of source outlets 304. One of the rows of source outlets

304 is adjacent to two rows of source inlets 302. Perpendicular to and at the ends of the

rows described above are rows of source outlets 304.

20 Figure 12B shows a side view of the proximity head 106-2 with a partial
rectangular and partial circular shape in accordance with one embodiment of the present
invention. In one embodiment, the proximity head 106-2 includes ports 342a, 342b, and
342¢ on a side of the proximity head 106-2. The ports 342a, 342b, and 342¢ may be
utilized to input and/or output fluids through the source inlets 302 and 306 and the source

25  outlets 304. In one embodiment, the ports 342a, 342b, and 342¢ correspond to the source

inlets 302, the source outlets 304, and the source inlets 306 respectively.

Figure 12C shows a back view of the proximity head 106-2 with a partial
rectangular and partial circular shape in accordance with one embodiment of the present
invention. The back side as shown by the rear view is where the back side is the square

30 end of the proximity head 106-2.



25 of the proximty head 106-1. It should be appreciated that the ports
342a, 342b, and 342c for any of the proximty heads described herein may
be any suwbDabbs030051ent ati on and di mension as | ong as aPsTASk@3WBISECUS can
be generated and nai ntained by the source inlets 302, source outlets 304,
and source inlets 306. The enbodi nents of the ports 342a, 342b, and 342c
described 30 in relation to the proxinuty head 106-1 may be applicable to
any of the proximty heads WO 2004/ 030051 PCT/ US2003/ 031051 -41 descri bed
in reference to the other Figures. In one enbodi nent, the port size of the
ports 342a, 3141%bre Bmdsm&canaatyngléamwmtymmbmoﬁﬁ lmacqomdﬂmcamthalﬂéut 0. 25
inch in dianeter. preferahl e nbodl meg h[ﬁ Bort 6 out 0.06
inch to ocmodimept Qfﬁh‘?jpréﬁ@tt gpveniipp. negm‘% ’i“FFé‘:tn © Wén{ﬂ %\aﬁlc bet ween t he
ports is 304'tRatds BRglaer abl e
enbodi rren?‘%ﬁlt\ﬁﬁgg8%%\%%nﬁ?%§mlﬁgg%%%?iﬂﬂgg\%%r?ﬁgg%3t04(3[1%5 inch and
about 0. 3t thaploxapay headHi (gul es disBissddousrefererearto Figeve bFAt ke mctmg\iﬂlaxy head

106-3 in accordance with one enbodi nen sent ti The rear
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| eadi ng eg ceo%][ef)s Ot4h %rb}gégt'%i)y g:gflé‘%‘ “describled HBRH], %e &liQm@t%répﬂ%ec' ated
that the proxim exe ary in nature and be any

suitabl e @bmm@m%aﬂdcaw Bsvdllhg thostues dutletst3O4308 ‘twm:‘lteﬁﬁlﬁsoanemmub as the

source outlet 304 are configured in a manner to e cleani ng gnd/ or
dryi ng of gengeatignf @AINiergnea, aﬂg@a@?ﬁ@m B bF PRFHIZ5¢E g? S?Iﬂb% %mﬁ’ﬁdl ment ,

the proximty head 6- ed
fluid to 5?m¥ee1£§et%s %(?)é)naére g?ﬂat%lﬁ M@PAI ets %@gjﬁ% %%r g%lbﬁ *}E%rgeﬁ el to
the i pput ;N&E BE6 %Qﬁpzﬂﬂ@wﬂappﬁmﬁg DIWeto#3Al thE waiksraudfae negﬂonsamahesomcesu de

view of the proximty head 106-3 in accordance with one enbodlug fof
present i nv’réﬁm P Qhare Thipably @S@Dp e YREHEME0 8 TaSipM B} (oo R RGAS 342b,

and 3420 ment h r urce

o0 270, 3 SR oA iR, BRI hseiesgen e |
shoul d beﬂﬂﬂﬂ%a’i&@@%ﬁ@eblhakvafé}%uﬂ@déma}nwfehﬁwamy sui tabl e number, size, or
shape as long as the source inlets 302 and 306 as well as source outlets
304 may be uti A3 aliB el poR SUTMBBALE and BE2JRAY, it 116.

Fi gure 14A shogg gg?%@?gﬁgﬁ{ p?OXIﬁlt; Rga 106-4 in accordance with one
enbodil fenembbdinttat, poassond nmtrmrsbuma inletr8 08nsouecenmdlieh 3P, and beurps WiGtdéy head
106-4

respectively. By inputting or removing fluid through the ports 342a, 342b, and 342c,
fluids may be inputted or outputted through the source inlet 302, the source outlet 304, and
the source inlet 306. Although the ports 342a, 342b, and 342¢ correspond with the source
inlet 302, the source outlet 304, and the source inlet 306 in this exemplary embodiment, it
20  should be appreciated that the ports 342a, 342b, and 342c may supply or remove fluid
from any suitable source inlet or source outlet depending on the configuration desired.
Because of the configuration of the source inlets 302 and 306 with the source outlets 304,
the meniscus 116 may be formed between the proximity head 106-1 and the wafer 108.
The shape of the meniscus 116 may vary depending on the configuration and dimensions

25  ofthe proximity head 106-1.

It should be appreciated that the ports 342a, 342b, and 342c for any of the
proximity heads described herein may be any suitable orientation and dimension as long as
a stable meniscus can be generated and maintained by the source inlets 302, source outlets
304, and source inlets 306. The embodiments of the ports 342a, 342b, and 342¢ described
30  inrelation to the proximity head 106-1 may be applicable to any of the proximity heads



25 includes a configuration of source inlets 302 and 306 and source outlets
304" that is simlar to the proximty head 106-3 as discussed in reference
t o Fi gur ewD2004/0Bh@&1r ect angul ar proximty head 106-3 i neCadsgomselosour ce
outlets 304" that are larger in dianeter than the source outlets 304. In
any of the proximty heads described herein, the dianmeter of the source
inlets 302 and 306 as well as the sour-@e-outlets 304 maybe altered so

meni scus 30 generation, nmintenance, and managenent maybe optim zed. In one
enbodi nent, the WD 2004/030051 PCT/ US2003/ 031051 -42 source outlets 304
are | ocat describabimrrefererich & the wthee Figrest dn 80@ emhedimente thearefrt gzg e the ports

di d.in ref Fi 13A. W.th .t hi f] '
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in referen igure be any 5 suitable size and/or shape. In one
enbodi mentmbbdierept, deedistandertsbtmeanetiib poteisbebyeen abeut 0. 12508ch andihwyt 1 dndh

square_inches._In a_ preferabl.e enodj.nent, the process w ndow na about
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the sourc i ; abl e of applying |IPA toward a wafer surface
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surface region,.and source_out | 304. 1. bl M

vacuum to a regigwe ?%ﬁ%%%seaﬁ%%e%c% X rggmégyr ggel%ggalp ﬁgccsv%g?'%?%%%g By

the appli ealb@ithedt of the pYREMUMentibR. Théreabllv G prdyimity Readt Y0Be3, ¢ ohd Ui ds
that my reside on a wafer surface may be renoved. The proximity head

106- 3 al sembndimegsopestosdsunthe 1@ding edgndBattbe praximity heasht06-2nl shoHent |

correspond to the urce inlet. 302 r.ce_out.l et. inlet 306
15 r eigecgﬁ@@?fﬁ?la@%?%fa‘%ﬁ1??@&8’?@3&@5%&& e¥qrreﬁlarytlﬂglg%%§?ﬂg§%§§ %@ 342a,
342b, and 3hdfe dildentida aFHRGs Pt RAnREs J02tREBDEEs Wellaw @it doareatle3n4d nl et
302, the source outlet 304, and the source inlet 306. Although the ports

342a, 342Mhre amdigBedin e axanesptoredabif cleaning asdlor dwving ofitee wafpp 108 Hethgour ce

outlet 304, and the squrce inlet 306..in i s_exenpl.ar adj ta it
shoul d be maRIFkdsseried hepeip. %8“?)6?’3%‘11%5%? eé’éf%’blmqg’ a%&@@r%ﬁ?@%&%?y or
remove | iygh 20n{ 5470 Ghth Sl B! Buid WIEIBask Wrd oPthe SOMES IGUBDRI wHiznendli ng
on the configuration desired. Because of the configuration of the source
i nl et $5302asulid]l B3Ghe iptitpdrised42oshaen oufigetes 3304, the neni scus 116 maybe
formed by the process w ndow between the proximty head 106- 1 and the
wafer 108. The mhape3dfillishetaamnideousw bl themmyxiadiyresdd06 3 ih bécordemcs hathe of

the process window and therefore the size andh 52?88_3()1}‘101535“ E nci)ﬁscél@alm
may be varoneg@mbodiment of present invention. The proximity hea P ,
342b, and 342¢. In one embodiment, the ports 342a, 342b, and 342c feed source inlets
302, source outlets 304, and the source inlets 306 respectively. It should be understood
20  that the ports may be any suitable number, size, or shape as long as the source inlets 302
and 306 as well as source outlets 304 may be utilized to generate, maintain, and manage

the meniscus 116.

Figure 14A shows a rectangular proximity head 106-4 in accordance with one
embodiment of the present invention. In one embodiment, the proximity head 106-4
25  includes a configuration of source inlets 302 and 306 and source outlets 304’ that is similar
to the proximity head 106-3 as discussed in reference to Figure 13A. The rectangular
proximity head 106-3 includes the source outlets 304' that are larger in diameter than the
source outlets 304. In any of the proximity heads described herein, the diameter of the
source inlets 302 and 306 as well as the source outlets 304 may be altered so meniscus

30  generation, maintenance, and management may be optimized. In one embodiment, the



25 dependi ng on the configuration and di mensions of the regions of source
inlets 302 and 306 and regions of the source outlets 304. Figure 14B shows
a rear viwe2004/@3be&1rect angul ar proximty head 106-4 in pegaseadane®swi th one
enbodi ment of the present invention. The rear view of the proximty head
106-4, in one enbodi nent, corresponds to the |eading edge 548 of the
proximty 30 head 106-4. It should be-appreciated that the proximty head
106-4 is exenplary in nature WO 2004/ 030051 PCT/ US2003/ 031051 -43 and
maybe any suitable dinension as long as the source inlets 302 and 306 as
wel | as tdoarcesale80Uire Ricatdd4loaercio tlomdaumerialits 3W2zharathnepnfigiraiicibl e

cl eaning and/or_ drying of the wafer r described h
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t he sour c@'o? ?ﬁ étfdsut g@g’q}l‘%gégc&e?\?%l a;‘.ﬁjéfe? ﬁi%&gﬁ%d;?lgﬁ%gheﬁﬁgifgt ood t ha}t’ t he

ports mayaHuRt 6.7% isdh. tRetdForelbpadjustimigabe regionsifalpelngbis|enrhpdiaments the sesoe ce
inlets 302 and 306 as wel| as source outlet§330 nag.be Htilized 9206
gener at e, inletn30R are wapabltioiapnbiRe Petomerd & waker surgaceEPgan.dha BRIEHENGS 3

rat e, inletnd o ee; | . . t
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15 | Pfy the capak SLgplehe ViRumas uusgionitclost mokintitynfieesuefate of the wafwaf er
bei ng processed may be varied in any suitable nanner to ro&h%ﬁﬂﬁ timal
fluid meni@%uBy dsrppbtatieniof thevagwem, tha MR andany ot fyne of waf er

processi ng. The, proxi m.t ead 1Q6, i e exenplary enbodi nent, is
utilized MH3YE ?gﬁ’%f%‘gﬁacggnaégbfgrel ‘e’é)'i n reference to Figure 2A As

shown in reference to Figures 15A thr h 15F, . th fer,i cle
mat er i :’3.| so 20The HYQ%“HE}I’]%?(S](U 106, ‘?n‘n@gl $RO S@Qeﬁ”#%& %fﬁcftg%télﬁlt | ow
rates, vagliygyhahe %orr%%?g(\t{vgd; Iﬁ% rs\oﬁg?é Bl16t309; soli@ dutievsr4ated sfuréd Mieandeo | PA as

!
wel | as the vacuurm an the watfer may be varied depending on
the condi tdspasivelc Byninputeidg duirdnnoyinyy fuidghrotgh e porte 3450 342mand d8¢.scus has

'PA 1 ow, Tuide rbiiesBRStors opRUHL R Blnaeirye i a0 Ge sorBorriene Png
warf er the source inlet 306. Although the ports 342a, 342b, and 342¢ correspond with the source
inlet 302, the source outlet 304, and the source inlet 306 in this exemplary embodiment, it
should be appreciated that the ports 342a, 342b, and 342¢ may supply or remove fluid
20  from any suitable source inlet or source outlet depending on the configuration desired.
Because of the configuration of the source inlets 302 and 306 with the source outlets 304,
the meniscus 116 may be formed by the process window between the proximity head 106-
1 and the wafer 108. The shape of the meniscus 116 may correspond with the shape of the
process window and therefore the size and shape of the meniscus 116 may be varied
25  depending on the configuration and dimensions of the regions of source inlets 302 and 306

and regions of the source outlets 304.

Figure 14B shows a rear view of the rectangular proximity head 106-4 in
accordance with one embodiment of the present invention. The rear view of the proximity
head 106-4, in one embodiment, corresponds to the leading edge 548 of the proximity

30 head 106-4. It should be appreciated that the proximity head 106-4 is exemplary in nature



25 rotation is zero and the DDWflow rate is 500 mM/mn. Figure 15B
illustrates the proximty head 106 as described in Figure 15A with | PA

i nput i n wWocosdsnese Wi th one enbodi ment of the present PaTdrs2o3m3106n this
enbodi nent, the DIWflowrate is 500 mM/mn and the IPAflowrate is 12
MImnwth the rotation of the wafer being zero. As shown by Figure 15B,
the usage of | PA flow has nade the WO 2404/ 030051 PCT/ US2003/ 031051 -44
boundary of the neniscus nore even. Therefore, the fluid nmeniscus is nore
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rotation sHdweadsomicg inlets 36B sonrcaovtety dAtcndithhsayre m@i‘ﬁﬁﬂﬁ egneetivly t ﬁe

prese t.i.on t nbodi nent,. the rotati

ot at 1Bns HERd e taderood uiy HERFE RO e S-S B0t A stiBisib b de 11 ow
rate of thge sdlﬁr)& infetsl 20256 06 B vdllB@Rbiirde Suiddts Bvemy: ?66 Willizéd t8lpebiéra®) i N HG@
80 PSIG Wen the 20 wafer is rotated faster, the fluid neniscus has a nore
uneven boundatain, asd pwnpgertbenteoisciel 166 | ui d meni scus di scussed in reference
to Figure 15D due to the added wafer dynam cs as conpared. Figure 15F
shows the proxiFiiry 158atod6a préwmétythkad 1 (¥infdpertionacdveding itmoneaskelimast

conpared to the I'PA flow of_ Figure 15D i.n accord ce Wi i ment of
Che’ 28" prafdbaprerambierapn. | R be BBRHALING eABW N SPeLTS K B8 ¢ he

Diwrl 18V rI@E&? therrﬁ‘!lg?ntﬂﬁe of the vacuum, and rotation/movement of the wafer being processed

may be varied in any suitable manner to provide optimal fluid meniscus controllability and
management to generate enhanced wafer processing. The proximity head 106, in one
exemplary embodiment, is utilized in a configuration as described in reference to Figure
2A. As shown in reference to Figures 15A through 15F, the wafer is a clear material so

20  fluid meniscus dynamics can be seen with different flow rates, vacuum rates, and wafer
rotations. The flow rate of DIW and IPA as well as the vacuum and rotation of the wafer
may be varied depending on the conditions encountered during drying. In Figure 15A, the
meniscus has been formed by input of DIW and vacuum without any IPA flow. Without
the IPA flow, the meniscus has an uneven boundary. In this embodiment, the wafer

25  rotation is zero and the DIW flow rate is 500 ml/min.

Figure 15B illustrates the proximity head 106 as described in Figure 15A with IPA
input in accordance with one embodiment of the present invention. In this embodiment,
the DIW flow rate is 500 ml/min and the IPA flow rate is 12 ml/min with the rotation of
the wafer being zero. As shown by Figure 15B, the usage of IPA flow has made the



waf er rotation, and vacuum magni tude are the sane as that described in
reference to Figure 15D. In this enbodinent, the IPA flow rate was

i ncr easedwbDeo@38BFH. Wth the |PA flow rate increasedpcrhs20BAa3test ds t he
fluid neniscus along the border to generate a highly controll able and
manageabl e fluid nmeni scus. Therefore, even with wafer rotation, 30 the
fluid nmeniscus | ooks stable with a congistent border that substantially
corresponds to WO 2004/ 030051 PCT/ US2003/031051 -45 the region with the
plurality of source inlets 302 and the region with the plurality of source
outl et s 3bshndiyefefiomenisausshableeem iDhdnéfghd, thecfbrid menisaid 8, mora stal e, and
maneuverable fluid nmeniscus is forned inside of the process wi ndow so, in
an exenpl%ﬂ@naﬂﬁpng process, fluid that the proximty head 106 may
encounter on a wafer surface is renoved thereby 5 quickly and efficiently

dryi ng the waf BigusutSGighwwsrheproaimisnheadhié 25 desspibed auiigrredl 58, BYhWHB A yi ng

system 602 in accordance,w . one_enhodi t_of L ntion. It
shoul d beﬁ’fpﬂf’}g&lqﬁ@&g%%}{mﬂ%nﬁ ARE m%%%gioﬁgﬁ tgg(glppegl Egﬂ%ylkér%}éﬁsyst em 100
(e.g.,5cl gaphish. Shel8iBiod B8s BeenkBpPt & zerbOdd Ihe AOR réte of GRADINIGs 500 Gé'adn.i bed
herein with the any of the enbodi nents of the proximty head 106 10

descri bed WhenFhee lo®Aateds toomhighs tld fiuidwyenissusibedomes deformed apdileet i on wi t h
ot her wafer Qrgcessi ng technol ogies to generate an integrated system such
as, for e %;bthose described in Figure 16A through 20 below. In one

enmbodi nrent, the cleaning and dryin syst e 00 .he incorporated into a
2300 Brush BoxFigwsehdp yf?%ﬁﬁwﬁhﬁa@/wg&i hB%;l L%@?i"ﬁ%@‘ea W*P%ﬁﬁh?‘fm
California, 15,1 i 0l i is the
crean g Sharedpt Ml T SERER D nackiRaicial R Sk ARTIIRDERAL 2. 1° s

5G ang SHiWiehflor? i théderalBsdmbRtdtheanidtion spthawvafaris 1 0 katatb@iB pet mimuiehTha
enbodi nent, when one of the cleaning and drying_ syste re utilized
i n conj un@owontewifithe RIWiis 689 mWminayhale the fewsae ﬁét@ﬂgéﬂgﬁaé&%{}ﬁ fhecl eani ng

and dryi ng syst or._ conpon . i fer
aryi ng. 20 bl E T b LB AE L 30 el 3 pRRY. ISR BEWERRIIoRRC I S of
any sui t algi MBhiSeusDecdlies lesyBbl€liewithy slded st af@niynamics s camparsd etithas, f or

exanpl e, polyvinyl al cohol (PVA), rubber ur et hane, etc. !bfln one.
embodi menfFiguge b5 sthichshaws ske saste TN wpd &4 flow 5pte by WithoBGHBIer IR br ush

may be_applied r the brush.core WHRR BRY
suit ag? e E}Eﬁ”ﬁ% 919% fejt?oewsctglﬁ PG iy ?%and g%f:kﬁh%g ,ﬁle?(i)drﬁ g%?g%% Sel,ggﬁ?n‘gge nown to
those ski kd.@4 ik Beih P fotatell faster tifdRahefcstton sMoen ih Mipubs LS i avcerdafide withanes,
the brush on the brush core 604 nay be . : .
embodiment of the present invention. In this embodiment, the rotation of the wafer is 15
rotations per minute. The flow rate of the DIW is 500 ml/min while the flow rate of the
IPA is 12 SCFH. The magnitude of the vacuum is about 30 in HG@ 80 PSIG. When the
20  wafer is rotated faster, the fluid meniscus has a more uneven boundary as compared to the

fluid meniscus discussed in reference to Figure 15D due to the added wafer dynamics as

compared.

Figure 15F shows the proximity head 106 where the IPA flow has been increased
as compared to the IPA flow of Figure 15D in accordance with one embodiment of the
25  present invention. In this embodiment, the variables such as the DIW flow rate, rate of
wafer rotation, and vacuum magnitude are the same as that described in reference to
Figure 15D. In this embodiment, the IPA flow rate was increased to 24 SCFH. With the
IPA flow rate increased, the IPA holds the fluid meniscus along the border to generate a
highly controllable and manageable fluid meniscus. Therefore, even with wafer rotation,

30  the fluid meniscus looks stable with a consistent border that substantially corresponds to



applied to the wafer 102 to clean the surface of the wafer after wafer
processi ng such as, for exanple, etching, planarization, etc. In one
enbodi menwp 2aé4@p0ihe wafer 102 is cl eaned by the brushpcrhs2emfoeros102 does
not have to be taken out of the cleaning/drying 602 (also known as a

cl eaning/ drying 30 nodule) for drying. Therefore, after wafer cleaning, the
wafer 102 may be dried as WO 2004/ 0300%4- PCT/ US2003/ 031051 -46 di scussed
above in reference to Figures 2A through 15C above. In this fashion, tine
may be saved by having two wafer process operation in one nodule and
chances f the regiomtvathithepliumitaofsouertivlets 398ad she regionwethethe phralify@f seisee have

to be taken to_a different dul.e.for cleaning. 5 Fi.qure  16B sho an

al ternati qlels 34 ofher Bree:ilé@gﬁr‘?ﬁflg‘?%%ﬁ%"“é?@?n@ﬁﬂ%wgleﬂge’e?@gé?aélgﬁ‘(’%a Wth one
embodi meng, of &H&uBﬁﬁ%ﬁﬂéd R R broddie wil RN & Al MichshlSy TraRE phfdssiray be
a nodul e(ss1 (né.g., cluster tool) in a variety of wafer processing systens

as di scugs@dhitehoproximitehexdeidtendycenBowuereonlywafeo supfiacg is reByvedlierghybot h a

cl eani ng system _and. éi,ng systemipn one nodul e, space may be saved and

a dr
t he waf er qpeidyaad pHipiaylydeying he3fehR8¥e snall er and nore conpact while
retaining substantially the sanme functionality. Figure 17 illustrates a
waf er processi Figusy KA sonp0n taptview phaeleaning/frvatesyssaeoia i acoerdange ity

drying nodule 704 in ordance with J . nt
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100- 2, 10@QyBodikRnisAtHe diRR-FsteRNDOIBY., Skéhiiapkestaras 1 0¥, 100e2,600-3, 100-ghoul d
be appreciated that any Suitable nunmber of drying npdul es 704 such as, for
exanpl e, An@10(@5) descihedtherain wath the amyoof the embediinsats of dhmrrekwpity kead 861 r ont

d f ly_.705 te th f. € ' 3 ith
Varyi b | dounBebr tiavEr 23 0dsELeiry BAp bR Hsodh ORI P LER waRP ™
UnderStOOgr&cBésin BBhoRS A& to Lok te BF iNBEBled RYNEASEENG, FrakampRy tHose connect ed
to the front em%frama 0 assenbly 705 such as, for exanple,

a
pl anar i zatewribednl Figueulod, thesughi2@dpetavol Inrond ehibodinadnshe plganing Pré8Yige, et c.
I n one enbodi nent, the.wafer process) system (00 Lnclu LY

modul es ?Yﬁﬁerﬁﬂg(t) g2y Hefncorporpis gyto ?%Bgﬁﬁ@rﬁ?‘ ‘;%sggllb n@aglgfgn%\ggqv‘%’:‘lé% into

and out o Mt BB ontTeditc8sia’04. The robot 712 nay al so be configured to
feed and ?g%%\?celfj&mfrergnf nto and 25 out of the front end |oaders 710. It

shoul ?5 be u ndel’h?gﬁ)eo gmﬁcb(ﬁltneﬁlt? ﬁlesclllcj:aﬁ]ﬁ@/cﬁyiﬂg @&ém 309 is the cleaning and drying

system 100-5 described above in reference to Figures 5G and 5H with a brush core 604
and a spray manifold 606. In such an embodiment, when one of the cleaning and drying
systems 100 are utilized in conjunction with a different wafer processing apparatus, the
cleaning and drying systems (or components therein) may also be known as a wafer drying

20 insert. It should be understood that the brush may be made out of any suitable material that
may effectively clean a substrate such as, for example, polyvinyl alcohol (PVA), rubber,
urethane, etc. In one embodiment, a brush such, as for example a polyvinyl alcohol (PVA)
brush may be applied over the brush core 604. The brush core 604 may be any suitable
brush core configuration such as, for example, those known to those skilled in the art.

25  Therefore, when the brush core 604 rotates, the brush on the brush core 604 may be
applied to the wafer 102 to clean the surface of the wafer after wafer processing such as,

for example, etching, planarization, etc.

n one embodiment, after the wafer 102 is cleaned by the brush, the wafer 102 does

not have to be taken out of the cleaning/drying 602 (also known as a cleaning/drying
30  module) for drying. Therefore, after wafer cleaning, the wafer 102 may be dried as



types of robots 712 may be utilized as well as any suitable nunber and
types of front end |oaders 710. In one enbodinent, the front end | oaders
710 may rwoeowg3aoseartridge full of wafers which requi PeTArSQ@B83i08y by t he
waf er processing system 700. Figure 18 shows a wafer processing system 800
whi ch has multiple wafer 30 processing tools in accordance with one

enbodi nent of the present invention. l-asone WO 2004/ 030051

PCT/ US2003/ 031051 -47 enbodi nent, the wafer processing system 800 includes
an etching nodule 722, the drying nodule 704, the front end | oader 710,
and t he r dbaisseilibove antefisterar ta Figuaese Aatiserghl W Cratove. Thdisfasiuen.jimec@gsi ng
system 700 as with the wafer processing system 8 ave any suitable

p ma
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Therefore an apparatus such as, tor exanple, the wafer processing system
800 wi th giofifilerfendlearsst r at e/ waf er processing nodul es may, in one
enbodi ment, be called a cluster architecture system In one enbodinent, a
dryi ngs syst em pgyuferds SR MelRidativdyicheofale cleatiggisiftsysteyti 62 imyst em when
integrated with other nodules to formthe cluster_ 10 architecture system
In an al t eccortanvewithivod embodimenhef the prasensinveatiennghe glepng/domngatethave t he

hi | , i dul e, . and '
erbod yenb0? pis brarmdifi e Ges iR Hebuh et et B gy, O
et chi ng mMadpl &8s b&@8# in AtekeRcdb Fi%ﬁe a7 yiidugh 10 d Byasvigbothh eraniup sysxe waf er

processi ng occurs, this may be own as cluster processing. It should also
be appr echat &dryitmptys@myinameahddudd, spave nehyyhersgverbandrlie Water poorepaRe Histeiepl aced

wi th a nodul e containji.ng the cl eaning/.drying.syste th cl eaning
and dFYi ngranbs teade SER dIperg Cf’ﬁlpf‘ﬂg”}g{fyﬁgtaﬂhé%%?ué? a&ﬁag?rtzigf@gghom a waf er
pr ocessi nglm%ﬁﬁltlaq@,SOO' w thout the etching nodule 722 in accordance with
one enbodi nent of”the present invention. In one enbodi nent, the wafer
processi ng system 800. | PAANG; ¢ )

dryi ng nodul eshi%'ﬁe? ?ggib?ﬁ%&%?é?& rocg%ésgnﬁc ﬁgk@yﬁd;‘%@ggw&n?yﬁ%%%?gasien glny

sui t abl e nosieth acdrgﬁ&gyhcr@laMh%corame with @rentridodéntefithe proeentvaf er
processing system 800

i ncl udes 8 of the dryi dul es 704, The wafer 102
< shown besiengon oBeedryinsrsodile Khmey bp oLy Rgtaysi U 800> 1htoihouse of
the front 710.. : t
end | S8den05do! 85 fog FSismilte FEPAL At BULA6 Be Wit BHCR MR biBIC f o
dryi ng noguh®sr AQityingenddnldstrios sesbadisrenimpleNB2e3,ehinG 8dy 1), 22 2msnden

above in reference to Figure 18 has )
connected to the front end frame assembly 705 to generate the wafer processing system

700 with varying levels of wafer processing capabilities. It should also be understood that
any other types of wafer processing tools may be connected to the front end frame
20  assembly 705 such as, for example, a planarization tool/module, etching tool/module,

cleaning tool/module, etc.

Tn one embodiment, the wafer processing system 700 includes 6 drying modules
704 and also has a robot 712 that may feed and remove wafers into and out of the drying
modules 704. The robot 712 may also be configured to feed and remove wafers into and
25  out of the front end loaders 710. It should be understood that any suitable number and
types of robots 712 may be utilized as well as any suitable number and types of front end
loaders 710. In one embodiment, the front end loaders 710 may receive a cartridge full of

wafers which require processing by the wafer processing system 700.

Figure 18 shows a wafer processing system 800 which has multiple wafer

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



been renoved to generate space to add nore drying nodules 704. |In addition,
the drying nodules 704 may include the cleaning and drying system 602
descri bedworeodaa3oéser detail in reference to Figure 16APCIUS2HI3®H3IWEY bot h
drying and cl eaning may be acconplished within one nodule. WO 2004/ 030051
PCT/ US2003/ 031051 -48 Figure 20 illustrates a wafer processing system 800"
whi ch includes a drying nodule 704 and7-a cl eani ng nodul e 850 i n accordance
wi th one enbodi nent of the present invention. In one enbodinment, the wafer
processi ng system 800" can include a separate cleaning nodul e such as, for
exanpl e, dmisodimesnihegvafadubeesgihg system 8§60 irictidos am pishingineadude 522, e drsing

i tabl nmh d/ t f [ t be utili i t hi
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anot her eégfog&wge bh o4, 16 SRREBR0 My R Eess B Xy SERMO0 it didferdy Pes of
processi ng-besi des cl’éani ng.” Any sui tabl e nEgasonic processing device may
be utili zadsagemvaiaprsesiiog Modulese nmygcin ons enfbodineeng bl called hokster descri bed in
U S. Patent Application_No. 10/259, 023 entitled " I?GA%O\I C SUBSTEATE 15
PROCESS| NGBt esysterfe Inagtsy csrhadimeniet dymesystemis desdned heredn may &g gn
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or waf er VI Ces Fconnecte processi ng systens nay

be gener aiHitddhat shiae. e gapedive ietdbotlinentitthd wate pracessing systesf $00 may
processi ng nmethods. Figure 21 shows a bl ock di agram of a er_ processing

;
syst em 90Baviertheetehbing ameale 723, Herdiyigs anasisodl4 a gleanipg e °Pfvent i on.

I nbodi t, .th t i : i
cheni cal RECPUREG AT dRep PSR R DR YIS il Rt GUBLREL S,
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al so includes a robotics 912 that can transport substrates to_and from each
of the shekeown sodusteprocessing. Hebould alsodeapprrriakedrtbatany ohall of bediyingo nay

gy N e
906, 908, eI Ahihg antl dsyinE hidy Bk a6cddep]RRE Bhabsete module.
Figure 19 shows a wafer processing system 800' without the etching module 722 in
accordance with one embodiment of the present invention. In one embodiment, the wafer
processing system 800 has the frame 720 containing a plurality of the drying modules 704.
20  The wafer processing system 800' may contain any suitable number of drying modules
704. In one embodiment, the wafer processing system 800" includes 8 of the drying
modules 704. The wafer 102 is shown being loaded into the wafer processing system 800
through use of the front end loader 710. The robot 712 may take the wafer from the front
end loader 710 and load the wafer 102 into any one of the plurality of drying modules 704.
25  In this embodiment, the etching module 722 shown above in reference to Figure 18 has
been removed to generate space to add more drying modules 704. In addition, the drying
modules 704 may include the cleaning and drying system 602 described in further detail in
reference to Figure 16A. In this way both drying and cleaning may be accomplished

within one module.



that the system 900 can include any suitable nunber of any of the systens
902, 904, 906, 908, and 910 as well as other types of wafer processing
syst ens kwowmo4/@oahose skilled in the art. Therefore, troa/tspaB®ad®00 has
great flexibility in wafer processing abilities 30 depending on the desires
of a manufacturer or user. WD 2004/030051 PCT/ US2003/ 031051 -49 The

cl eani ng system 902 may be any suitablescl eani ng system such as, for
exanpl e, brush box(es), spin, rinse, and dry (SRD) apparatus(es), etc. Any
suitable type of brush box or SRD apparatuses nmay be utilized in the

syst em 900. TheigeP(sillsdtmes0dafenmpcdssingsystemi80abvbichyipdudds advPngppar at us
such as those utilizing, for ex le, a table, .5 one or .nor lts, etc.
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reference to Figures 2A through 14C. Therefore, _the ﬂrtyi n%ts stem rran@/ be
the syst ebrugiobox. 1Big brush heypmay be ey syitablgdype ofbrughbaxthy Refveb cle
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where a wa nted vertically may be processed by at |east one
proxi m t ymhgachdueesthehtypes diipeocesdig besidaveteaniog. By swidlde megasonic novenent of

the at | east one proximty head, the wafer surface, my. be prqgcessed
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vertical ~processing er can enhance control of the neniscus and
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Consequently, by use of vertical wafer 25 _ prqcessing.by the.proximty
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manner .

utilized multiple wafer processing methods.

Figure 21 shows a block diagram of a wafer processing system 900 in accordance

20  with one embodiment of the present invention. In one embodiment, the system 900
includes a cleaning system 902, a chemical mechanical planarization (CMP) system 904, a
megasonic system 906, and an etching system 908 with a deposition system. The system
900 also includes a robotics 912 that can transport substrates to and from each of the
systems 902, 904, 906, 908, and 910. Therefore, the system 900 may include all of the

25  major wafer processing tools. It should be understood that the system 900 can include
one, some, or all of the systems 902, 904, 906, 908, and 910. It should also be appreciated
that the system 900 can include any suitable number of any of the systems 902, 904, 906,
908, and 910 as well as other types of wafer processing systems known to those skilled in
the art. Therefore, the system 900 has great flexibility in wafer processing abilities

30  depending on the desires of a manufacturer or user.



It should be appreciated that the proximty head/ mani fold maybe any
suitable configuration or size as long as the proximty head/ manifold
struct ur ewooe3gédt ent with the nethods and appar at us pdegseidsedioser ei n.
In a preferabl e enbodi nent, to achieve 30 process uniformty, resident tine
of the meniscus on the wafer surface is uniform W 2004/ 030051

PCT/ US2003/ 031051 -50 throughout the-wwafer. Therefore, scanning direction
and speed nmay be controlled so the neniscus area is scanned evenly over
the wafer. Figure 22A illustrates a proximty head 106a begi nning a wafer
processi ng oOpEiatleaingdystem 90%mupbeanyl@@able chanimgsustomrsuticas, fgr i n
accordance with_one enbodi nent. of t esent_inventiopn. |n on
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can t her e Wq%ﬁog%?g%ﬁﬁoé%gg ‘Qg%gﬁeéetc}égg F%in%ﬁ%éﬁg 'eﬁﬁlggésé%ﬁ %ylg%nill%%é of

the V\@deroﬂtﬂﬁail?bbaﬁmdaohlm@\hﬂmmlmg.ésyetemm.s than the bottom portion
108d of the water 108. In a preferable enbodi nent, the wafer 108 is

posi tioned to ild SRtenfd WNGay bOghyYdrgleSystdilesdribee hefeih tharitilize any
enbodi nment , thzﬁ%@tﬁgm@?f head ?L}(’)Ga nyéy ml%vg vertically in a dowward

f ashi on aofithprdiffess entedwndms ofthe paxénity bead Y6 asslepmsibed gboonrefersnes ier
enbodi nent, the proximt ad 106 . be held station § waf er
108 may bEISHERPSA ﬂﬁo%hn%%:ngﬁ"eé gt ﬁﬁﬁ%{lﬁ@'wgfays?ﬁrd?ea@%{%ns%&gééggéed ina
verti cal 15 hj QN r b0 MhEER6reOthe lshRe®DO in éess geanned
bef ore thé&z‘gt %%,wtf%%%fgggmg?&t%%f; waf er e10§.9I(1? shoul bg appr eci at ed

that a8y suafdraob én aevsuitablemuabpawaysmdry thebeafas ER in@ highle effiréens pak pert t y
head 106a vertically so as tg scan the su 10 In one

f { ce, of the[.waf%r 2% .
enbodi neneffeqtive manger by wspenakbine foaas Fﬁéﬁﬁnbé @Pf@& REICR YOG PRSI ®s t hen
attached tﬁlge (ﬁ’g{ﬁ‘é%?ﬁ&hqﬁb nHEMb&Er SBvATBY S0l ioR c¥s Bhd Yaideesterd fi6RsI N &

verti cal n
Figures 22A through 25B show exemplary embodiments where a wafer that is

oriented vertically may be processed by at least one proximity head where by either

20 movement of the wafer and/or movement of the at least one proximity head, the wafer
surface may be processed vertically from top to bottom. It should appreciated that wafer
processing as described herein may include cleaning, drying, rinsing, etc. The vertical
processing of the wafer can enhance control of the meniscus and reduce random fluid
movement on the wafer during wafer processing. Consequently, by use of vertical wafer

25  processing by the proximity head(s) (also known as manifold), wafer processing such as,
for example, cleaning, rinsing, and/or drying may be accomplished in an efficient manner.
It should be appreciated that the proximity head/manifold may be any suitable
configuration or size as long as the proximity head/manifold structure is consistent with
the methods and apparatus described herein. In a preferable embodiment, to achieve

30  process uniformity, resident time of the meniscus on the wafer surface is uniform



anot her enbodi nent, the proximty head 106a nmay be directly attached to a
mechani cal device or apparatus that can facilitate novenent of the

proxi m t ywbeae/@0&a cl ose to the surface of the wafer PQ03/ne3tosionspve t he
proximty head 106 fromthe top portion 108c of 30 the wafer 108 to the
bottom portion 108d of the wafer 108. WD 2004/ 030051 PCT/ US2003/031051 -51
It should al so be appreciated that a psoximty head 106b (not visible in
Figure 22A but shown as an exenpl ary enbodi nent in Figure 22F and 22G nmay
be used along with the proximty head 106a to process both wafer surfaces
on the twhraighest thé wafe. Efeesfort&annifip diredtismendishecdimaxbecanjrofied ee theo6a and
106b may be utilized, where or11e of the proximty 5 heads nay process one

si de of t%%séreﬁléﬁcaé‘ﬁﬁéﬂi@%?Wéfhep‘?’%%'mty head may process the other
side of the wafer 108. The proximty heads 106a and 106b may be' any

sui tabl e pr oxFigire22{eHinstaiss p prasamite headnl 06p hegnpingRay 511@%%18& ment, two

imty head 6 106h. A : : i
W ndove. 1 SREATARGE e eteg U SRR B e B R e R e

may then be pédefiiheshtion. ¢h OfCeRb&meht thetwafeal(s id Oriefitbé in a Vertisal oharmar
enbodi ment, "the space between the(%g_r ocessing w ndows woul d be | arge enough
so as to beatppamriéen t0ferithewelsr ERnisdsesented fer sRATERS OBe PIYEREY P& when a

' i s f bet . the t ' ] ity head
To6a ana "degsniis” BECTRGvB oA Rrb i UG PheP b EREsscq STl (220
appr eci at gghafif1ab alphGeesdhi@windobys3BesFdBe fi0@mnieyIEkali06ba.( isheulyl betapgereciptedxi mi ty

heads described héerein) may be 15 any suitable distance away fromthe wafer
108 as | ofigt ts veafet KIS maxomheldin plateonmaeneddispending onthercoptigdration e sur f ace

bei ng,  processed. I n one enbodi nent, .the proximty.h are
about 1B, 1V BO<BOM 3<Hm DAy BT P dset JLRERR 1t AR
processedg;dyfs #10HHE G208 ITRIM intd PRcPLRXthBpEikiRARR HSadlidGgoved drohV 8 kopar e
about 1 mmto about 2 rnmaway fromthe respective surfaces bein

pr ocessedfo botthn scaanipgefaicabivbe2@ tephodiondABc of the waferkigiis scapaediaciasda and

106b are about 1.5 fro e . respective.surfaces i processed.
As the pr g%ﬁ?ﬁlﬂ’?ﬂ@g@gﬁ%ﬁl%‘ﬁ%@ﬁ% Iﬁﬁk}épa‘h%%%%%{“’ ﬁﬁé’v af%rﬁilds%gﬁs may
contact t ﬁSsiﬁoﬁe%n%%aﬁstmﬁaﬁl?%%ﬁ%ﬁe%%oﬁn¢h@pssiﬁélosﬁﬁlwwer MeReew woul d
forma nmeniscus wth one suiface of the wafer 108 and the other processing

wi ndows Wweespekt fiothm yeaxie cansthersfore bhirt 4y suithlde asgle hatomgas thefep wartion 1088, 25
It should al.so be appreci ated that the waf.e rocessin er.ath op.coul d be
started whthegv %fFFfal rléf‘?cﬁﬁe@&%’ég@n& 24 -gﬂa{hfgélbecgcﬁ%m g“@@nilﬁ?i& Pgﬁhiey
produci ng f.B& 18NS & PR @bk Rfibodiment, the wafer 108 is positioned to be vertical along

the y-axis. Therefore, in such an embodiment, the proximity head 106a may move

vertically in a downward fashion and process the wafer surface from top to bottom.

20 In another embodiment, the proximity head 106a may be held stationary and the
wafer 108 may be moved in a manner such that the wafer surface is processed in a vertical
fashion where the top portion 108c of the wafer 108 is scanned before the bottom portion
108d of the wafer 108. It should be appreciated that any suitable device or apparatus may
be used to move the proximity head 106a vertically so as to scan the surface of the wafer

25  108. In one embodiment, the proximity head 106a may be attached to an arm that is then
attached to a mechanical device to move the proximity head 106a in a vertical manner. In
another embodiment, the proximity head 106a may be directly attached to a mechanical
device or apparatus that can facilitate movement of the proximity head 106a close to the
surface of the wafer 108 and to move the proximity head 106 from the top portion 108c of

30  the wafer 108 to the bottom portion 108d of the wafer 108.



waf er instead of noving the neniscus onto the wafer 108 from above the top
portion 108a. Figure 22B illustrates a wafer processing continuing from
Fi gure 22Wovhevsoeshe proximty head 106a has started seamrisag3tB®snaf er
108 in accordance with one 30 enbodi ment of the present invention. In one
enbodi ment, the top surface of the wafer WO 2004/ 030051 PCT/ US2003/ 031051
-52 108 is positioned in a substantial-by-vertical orientation so the top
surface of the wafer 108 is visible when view along a horizontal axis. As
the proximty head 106a cones into close proximty of the wafer 108, the
meni scus 116 i & shatldrelo betppreciated éhas ppredmitpiheadW@s@ot visibltia Higwr2at v

head 106a and the wafer surface bein roce d. one .enbodi nt ...5 the
proxi mi t ybEshevn a6 an P’Se“%iﬂ?ﬁ’ ieﬁ'ﬁ’roéﬂn‘?%%ﬂflﬁuﬁ@%ev@figzﬁf@?y ]?enusggg Ong with
enbodi n‘en% @}%mgprhg&?f(% %?ﬁj&‘gf,‘s’a&ﬁh WAkS shifRE bh YL siddsof @i aen ages t he

meni scus yIng take ace as the nmeniscus 116 noves froma top
portion 10Beefte, theproringty HaAfds 1 @6 dnd 196b nombepilized whbosenadf theyprojapidy 108.

Therefore, as the drying process tak | ace, the dried rtion of 1he
waf er 5108heads may@eeses ougds ofit 6373?%§8§ gn%ﬁ’letog?ﬁr QF?%@Vélﬁgfﬁ“ﬁ%pboéﬁsesrtg?i on
10 of the i I i LY i S¥nusiesiesi ng the
waf er 1080@%{1%&{&/@@? %gvél?& Zi‘ré?éﬁ?gﬂdg%ﬁa g’ﬁﬁségsé %ﬁdb%)(ﬁ%gﬁ]gy?he yIDgrlrlleni scus 116
may be oppiokBhity h&dnics@ived teteyn.| In prefempbldenbatimest, tree progimity herds 7861 scus
116. In such a vertical orientatjion, only vertic

| f ted b
gravity needl¥b machoenmmied sodhatthe PW@@%WI&@?%%@? eorhgcgﬁ?rregq%%é’go%?ﬁ ne

manageabl e.neni SCUS. -1 Al Rg it BB sPr@% i ¥ dasgd 106 in
a downwar ¢ Wr‘?eo&?l?ert(‘)&lr%n‘%rﬁgﬁlt‘@pﬁ%gsfW%r@?é&%ﬁg?@? klllté \S/e tically oriented
vaf er 1308 othich einlsagh Me@bodifieni)@iespaddigbtivbat thh asocassirgadindowe would exdlargey  be
kept dried in an optinmal manner. This ma¥ occur hecayse theg,gl ui ds or

moi sture Ewougheo apk be grghtehithan the thiskness oF thegeatpiol08y e iice W82 woul d not
nove up agai nst .gr.avity |nt ! i . i 2C
Shons. 5 camerRtETOaoeb by fro BlobBRhE sHRMRKS IREBRmiGEL NEREC |

accor danceogh fdy 88 tdved aewHERIm Soveliies wafes t08. Ji shwaid beappreciated that &1e22C, t he
proxi mty head 106 has al nost hal fway (and processed ahout a sem -circle of

t he waf er praxd@ity beadsd&ha ek 196bopan other ProgamityheadsdessapeddrsiBH BABAC 108d of

t he er 108.. Fjgure 22D il ustrat e ‘ BRELA%LRE
cont }Aﬁgeq apy Sﬂﬁ_agied%t@mff@ a?’rfml%&lea%a o lggnaé e v%e {Shda%%oggg%o et o% t he
present i QyeHeiffned éh fib SR eIRBg frb€esfydoTh Ghé ymbbdagnt Beepbaimin) mads
finished scanning the wafer surface. In one enbodi nent, when hoth .
1062 and 106b are about 0.1 mm to about 3 mm away from the respective surfaces being
processed. In another embodiment, the proximity heads 106a and 106b are about 1 mm to
about 2 mm away from the respective surfaces being processed, and in a preferable
20 embodiment, the proximity heads 106a and 106b are about 1.5 mm away from the
respective surfaces being processed. As the proximity head 106a and 106b move
downward, the meniscus may contact the a top edge of the wafer 108 and one processing

window would form a meniscus with one surface of the wafer 108 and the other

processing windows would form a meniscus with the other surface of the wafer 108.

25 It should also be appreciated that the wafer processing operation could be started
where the proximity heads 106a and 106b starts by initially producing the meniscus on the

wafer instead of moving the meniscus onto the wafer 108 from above the top portion 108a.

Figure 22B illustrates a wafer processing continuing from Figure 22A where the
proximity head 106a has started scanning the wafer 108 in accordance with one

30  embodiment of the present invention. In one embodiment, the top surface of the wafer



the proximty head 106a and 106b are processing the respective sides of the
wafer 108, as portions of the nmeniscus 116 on each side finish processing
and are nwol2oegspoiin contact with the wafer 108, the mPoiraseess3mil bot h
sides of the wafer come into contact and 30 becone one neniscus. WO

2004/ 030051 PCT/ US2003/ 031051 -53 Figure 22E shows the wafer processing
operation continued fromFigure 22D i n52accordance wth one enbodi nent of
the present invention. As shown in Figure 22E, the proximty head 106a
(and 106b if a dual proximty head device is being utili zedt) has finished
pr ocessi nt08 gositibeed ihGubSaFiajyrvertzzForntatonzsoghaiopsiefacentt thewafer 408 ni t y
heads 106a and 106b situated.over  the to orti.o f verticall

posi t i oneld WPlEFIEBEIGYal9pg hgrAal %ﬁtggglﬁ%(ga%ﬁq&{@@@ K& bnﬁjégiérsl?

| nvent i ong,ob 3, N6 RERARTBR! the h{tRisLhO1d 0 A fvdedthe pivdeskGAademE38 f or m
t he neni s%rt?sﬁli 6 as descrri b’edeabove. The proximty headgﬁ?%a and 106b may
be novedofthbpraximitahbad 10bgent die walnsvafade being poresssdt Freonsadrabodaerfescr i bed
in further detail 10 in reference to, Figure. 2 Fi gyre 22G j.l |l ust.rates a
si de Vi ewhsPrexmityhsad H&WSH b4y "i%ef%fb?@ﬂ?ﬁ ch 451 B %déﬁ“ﬁ‘ét’ dual
surfaces i L b ﬁg%h%@ﬂ%ﬁdm&g KNk ARRRAsBBsohryihf ekepr €seNt
i nventi On&%ﬁ%ﬁ?ﬁﬁ@%ﬁééé?ﬁ%&% S the proxi n‘i%y heads 106a ang]&}ilo b nove
downwar d pracsrnsihe vieenisoes Ve ovestBom Asort patine hDScefshd vefar dAB s the hoemwaf er

108, the 15 proximty head 106a_forns a ni scus 11 with the fer 108
and the pPoRiPHilP§d pbllg Waferelss Jpﬁgefoare@ﬁﬁré@qyglgﬂg@safa?ﬁs Plﬁge’\tﬁéef%‘?mé%lo&
Therefore, f. | IR R Sd 0 r 108
and the pP3HR R b B i e T B

di scus®edoptheeenidchis Bhiesdribeién Anther détaibdbdveat t he proxi mity heads 106a and
106b may be noved downward, or the wafer 108 may be noved upward, or the 20
proxi mty headgyl&asanshbQfifeMgaR avReMREl slesmmtRhdrott idpetotboeomatier 108 i s
noved upward. éonsequently, the scanning of the wafer 108 may take place
usi ng anynsuistebl ¥ mapbeopsnnallscantmedky gmetlrmtb& farpesyactagags theopanisiyd 106b

are noved._in downward . nmov nt relative.to the fer using this
rel ative élé)@m&)aﬁuﬂhéé’ﬁm‘f%ﬂ“ﬁ?&%%?myﬁ' lcﬂilffﬁcﬁ%emw‘?’glgéap giceg(? Fom tge t op

por tion 1083, afeqthenWRd StneklBno? a tbRrdRldARAREd8T meHscki@8ihm additihig byaf er
108. Al though Figures 22A to 22G shows the proximty head 106a noving from

off th® scanning the proximity head 106 in a downward manner from the top portion 108c of the

vertically oriented wafer 108, the region of the wafer 108 that has already been dried may
be kept dried in an optimal manner. This may occur because the fluids or moisture in the
wet regions of the wafer 108 not yet processed would not move up against gravity into the

already dried regions.

20 Figure 22C shows a continuation of a wafer processing operation from Figure 22B
in accordance with one embodiment of the present invention. In Figure 22C, the
proximity head 106 has almost halfway (and processed about a semi-circle of the wafer

108) between the top portion 108c and the bottom portion 108d of the wafer 108.

Figure 22D illustrates the wafer processing operation continued from Figure 22C in
25  accordance with one embodiment of the present invention. In Figure 22D, the proximity
head 106a has almost finished scanning the wafer surface. In one embodiment, when both
the proximity head 106a and 106b are processing the respective sides of the wafer 108, as
portions of the meniscus 116 on each side finish processing and are no longer in contact
with the wafer 108, the meniscuses on both sides of the wafer come into contact and

30 become one meniscus.



edge of the wafer 108 across the dianeter to | eave the edge of the wafer
108, other enbodinents nay be utilized where the proximty head 106a
hovers ovwwp 200w03nefier 108 near a top edge of the waf er PCOAISaoNd/ 0a3ES
toward the surface of the wafer 108. Once in 30 close proximty to the

waf er surface, the neniscus is formed and the neniscus is scanned WO
2004/ 030051 PCT/ US2003/031051 -54 dows-al ong a di aneter of the wafer 108.
In yet another enbodi nent, the proximty head may process only a portion
of the wafer surface. Figure 23A shows a wafer processing system where the
waf er i s hel d Egati2oRahyws the veaferprdesssieg wperhtiomeonsimbedi frmeriiigee 22Rnpr esent

invention. In one enbodinent, the wafer 5 108 is, held i.n plac y...hol ders
600. |t gwemlanasavidhenermbadigentipdthe prasenbinyeRtions gy %@W& Pﬁ%ﬁ’e glzuﬁ’ttggl e type

of device or. ﬂ‘gﬂ?er t t hRb i bREniNPhEH dtPRe & Kkiss tilize@))aBs € t he
scanni ng pcg?{lfrﬁ' Wg@é?é%@??;}@@@ﬁf thfeip pr oxliv\fnﬁty head 106§ésuch a);, for
exanmpl e, fadgrRdgrodessing ihegedfer M8t h edge attachnments, etc. In this

enbodi ment, the proximty head 106 may be held and noved by a proximty

head garrier G8gurelbrshows d side v@@@éﬁ&b?ﬁ@@nit?héadsh@6i@n®l@ﬁﬁ sifutedfosed
carrier 602 may be any suitable type of apparatus or device that can nove

the proxitie top fretion aDbe erivrlkppesiiianed wesgrdi08 1o accgrdanse ¥athiomg epbgdimsty head
106 in a downward.manper ile keepin he proximt i | ose
pr oxi mi t yolit ePWé@%V&PQO%ﬂ%eemﬁﬁoﬁﬁ%?{@t ABo T@g%adﬁte}@%g%d;?(%atrga ead

carrier %h%ﬁé’m'@f?ﬁﬁédsr%% dbRribBE ab VO XhBiptkiMas HeARI 068 n@ $66MDky bas shown
Figure 2A except that the wafer is oriented 15 vertically and the proximty

head car rimeved sibstantidlyuogdheralommweard foqrpeaspthegvasen asslesqribed in {usther detpil
manner. Figure 23B E,hows waf er processing systemwhere the proximty head
carri ¥ eozeterenss RFigML2% place or noved in accordance with one

nmbodi t of th t ntion. | . enbodi .t r 108
be.hel 4 by adgbiepr Fseisoucnh i 3he Binl: b AAPL b0 on, 1 he
waf er 108 mgﬁgﬁlgsogggg%ﬁ{f?ayfesto%ﬁ@vgf 106 1 RERarkvit] ShPrkiSlaphbit raignvar d

manner wh°& i hea arts scanning the surface of the

waf er  108pjeSer itRch@h. PRI dnk @Mmbatindto\es shamroringtycheatin 1 @feandrtdoU et , t he
proximty head carrier 602" may be kept still and the rglative ownwar d

scan rmybéowavadiisin sbese thy wafes 10k AF thsanerisaws\ 46 comiags el @ Heni ng i s
taking_ place. ln 2 ot.her enbodi : pwar d
and tﬂ% pP O LY 96%913)33% iaer?lgmgﬁlb“g%ﬁ%yh ?ﬁé@%l%ﬁ%ﬂd@?&gﬁ%_@g? %drje, t he
relative goyumwans aSecaiciBYIB with the wafer 108. Therefore, the proximity head 106a may

process one side of the wafer 108 and the proximity head 106b may process the other side

—_—r

of the wafer. As discussed above, it should be understood that the proximity heads 106a
and 106b may be moved downward, or the wafer 108 may be moved upward, or the

20  proximity heads 106a and 106b may be moved downward while the wafer 108 is moved
upward. Consequently, the scanning of the wafer 108 may take place using any suitable
movement as long as the proximity heads 106a and 106b are moved in a downward
movement relative to the wafer 108. By using this relative downward scanning motion,
the drying may take place from the top portion 108a of the wafer 108 to the bottom portion

25  108b of the wafer 108.

Although Figures 22A to 22G shows the proximity head 106a moving from off the
edge of the wafer 108 across the diameter to leave the edge of the wafer 108, other
embodiments may be utilized where the proximity head 106a hovers over the wafer 108
near a top edge of the wafer 108 and moves toward the surface of the wafer 108. Once in

30 close proximity to the wafer surface, the meniscus is formed and the meniscus is scanned



acconplished in one of many different variations of wafer hol der notions
and proximty head carrier notions. In a preferable enbodi nent as shown in
t he bot t owoposai3ees1of Fi gure 23B, after the 30 proxi m tPgThsaw3n8Bs5has
scanned over a majority of the wafer 108 and reaches the edge WO

2004/ 030051 PCT/ US2003/ 031051 -55 gripper 604, the holders 600, such as
described in reference to Figure 23A, -ty grip the wafer 108 and nove it
upward to conpl ete the wafer processing. Once the holders 600 grab onto
the wafer 108, the edge gripper 604 may rel ease the wafer 108. Then anot her
waf er nayddyen sioued diamaberpdshd waber 108. nafbmathey cobeilimpntpbe proxgniy beadt he
proximty head 5 106. Figure 23C sho a waf er processing system where the
proxi m t yOREBEPCEsS BN POLRB of the Waleh TEEY the wafer 108 in accordance with
one enbodi nent_of the present inventjon. In one enbodi nent, the wafer
processi ng sysFigmeaRdA showsi awafar prossssimgsystamadiers hgivater 18 hgldisfatiogary in

produci ng a ni sc t hat V, afli 8. 10

In this e?ﬂ%lgfaﬂ‘éeh‘?t{ﬁ PH%GIBP@%%%??/&%%?& S%ﬁgﬁ;ﬁgyo@'cgln&% e\?\ﬁ&otg?ﬁ% ut ggv & from a

top poyti pog ishefCintpPacd bdlolders ¢owr i sHdulklshpptecidiad thaf the hdW8rs 400 mamobdrer

enbodi ment, two proximty heads 106 may be utilized where one se%—ci rcle
6

of the wafmsrsustable yne dfdepice orapnatptes thaifan held the avalerJLs snd gtil gagile whi | e

t he ot her sem -ci.r.cl e of the er surf ' r of

t he proxi f‘ﬁaf‘ﬂ}mﬁ@gﬁ%e Viﬁ%r. St cﬂ\é\gﬁ?é’rﬁ’gﬂl‘[ﬁ%\%\%f%@%ﬁl Z‘?’%‘gggces@%’%ggggﬁ’em
wher et hegpsQxivith e gh SR hHeftsBY.C T thisaiitioddhént, the graxigityatel 100Bay be at es in
accordance Wwth one enbodi nent of the present invention. In one

embodi nenheld ahé muved byri tpyoxieitst heobeamducad2i At theuldibeappensiated thakBei bed in

reference to.Figure 23C while .at the sane {i h ' ated
0 di oot poimiLs be aagq%’@b Y| b A0y fb‘?i’?e 8% Bfgpgﬁg&@%‘%?eg{sceé]?aggh@@%i n
refer encet}feﬁ)r&gﬁlfit?}ﬁﬂ& €66 rofh dbo9d! iR vAdr FIBMNE sBarPheXkdHifnity headi1 Q-5 t hat
may be utilize r vertical scanning of a wafer in accordance with one
embodi nentlowhwbidenpmeswhile kespang tho proximitghead Kifbodiose proximty tothewafet y head

106-5 is at least as |long as the di.ameter. of .t he waf 1 041 he

proxi mi t ySHERE: irogn%erg ‘BP’E}dﬁ@é’r%?“??étpfi&@?:%gaqlﬁaq%zelﬂ%e%ggj éars%atthgl east a

di anet er i f Slrier!BseMHH RedhoRHIQHIERAL ex cbEhRItBX Wafd: Ys esdtdl06-5 s
| ong enoug@é%nfhéﬁZ%Eﬂngrﬂgsscus %?oc?uced by theexcplflgxi mty heasd 106-5 can

ext entls acrasisallyhandtha prtxénitp heddrarriaras emfigoredgo neovierdsny i tothettp@gnens of

t he wafer surface enclosed within the excl usion
vertical manner.

Figure 23B shows a wafer processing system where the proximity head carrier 602"
may be held in place or moved in accordance with one embodiment of the present
invention. In one embodiment, the wafer 108 may be held by edge gripper 604 and moved

20 upward. By this upward motion, the wafer 108 may be scanned by the proximity head 106
in a relative downward manner where the proximity head 106 starts scanning the surface
of the wafer 108 in the top portion and moves downward. In one embodiment, the
proximity head carrier 602' may be kept still and the relative downward scan may be
accomplished by the wafer being moved upward while scanning is taking place. In

25  another embodiment, the wafer 108 may be moved upward and the proximity head carrier
602' may be moved downward. Therefore, the relative downward scan may be
accomplished in one of many different variations of wafer holder motions and proximity

head carrier motions.

In a preferable embodiment as shown in the bottom portion of Figure 23B, after the

30 proximity head 106 has scanned over a majority of the wafer 108 and reaches the edge



region. Therefore, by use of the proximty head 106-5, an entire wafer
surface may be scanned in one pass. The proximty head 106-5 incl udes

sour ce i nwet20B20sand 306 and source outlets 304. |In omeTArgshadionmwmst, there
is a plurality of source inlets 306 that is in a 30 shape of a line that is
surrounded by a plurality of source outlets 304 that forns a WD 2004/ 030051
PCT/ US2003/ 031051 -56 rectangul ar shap®. Two |lines of source inlets 302
are adjacent to the plurality of source outlets 304. In one enbodi nent,
the source inlets 302 and 306 as well as the source outlets 304 nay make
up the praipss604, ticdoholddre 680,tsheh aedbseihed in 1erenge tod igee?8d. may griphligil d al so
be appreciated that the proximty head.106-5 as well as the oximty
5 heads d®&eF 1 ¥bandiarys 1 wREg R %@Pﬁ’gﬁﬂ’ﬁ‘fv aé‘?@é“f%“ﬂ%‘v@“&? &F@%‘edr%?g%q%; es and
configuraji DD telhsé PR vedred 108y riHeh @fothér t he
process 3?%@§§%ﬂ£?ﬁ@ﬁgﬁgéﬁhfﬁggé, gﬁgmﬁﬁgyfunctionality of the nmeniscus
may be changeshaybs nwved éntb pdsitiemfor wafer pracegsing bperstionsdyche praxipitpRead t y
head, the sizes of the source inlets 302 and 306 as well as source outlets
304, and e sizes of the ports 342a, 342b, and 342c (as shown in Figures
24B and 10 24C) are as described above in reference to,Flg%réf 11134.
Therefore, theFignmadid shpwseadafenprecessingpypem aiiprestie papiaityihsad ggnds

. on g . Cannl ont . _ iy
o oxi i t e ey waty dOE LERRaR Pl OBk e e Cir SAPERAE . o The
proxi m t y;hegathnl @8 vRe BRYoMaUa:, e RakLp@ciisRgaystein maowilizeal proxiadtydead a

meni scus that is at |least 200 mmin length. It the exclusionary re8i on of
the 200 nihat 55 capdble dBprddedinge mepispes thatgpasegr ot lpest asilivcidheipfed U ess

that 200 pmin length. t le, if i mi i.s. desired
o schih ol biserreaapoit e aRpaity hogh ey scah P RePL bk JER bokiball €
have to h?ﬁfz&: 8 aﬁ{o%fﬁﬁﬁor%@ oYM 4TAS wifeP1US.CT dhotfRA embUGinidAgttwb proxtityeast

300 min Iength. If the exclusionary r_;gl on of the 300 Mmis not desired
to be prbessdodmaytbe wibinedwhsrewny soni-¢ieds of tha wadaGurfed is Presgefed by rae y et

h nmbodi o, 1T icircl f. th | I
or ocosseaobpearpaiy eds WRai e ARepet-tth o ThT habd sk b ey .

si ze that \@oo;ﬂl] Wl S%nﬂt;nf?e@ii§%l§ length that is at least a radius of the
waf er . Thtehre oér}e, the size of the manifold, process w ndow, and the
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shows side v e proxim ea I n accordance with one 25
enbodi mente@kallyghdihe SR 108 ¥6tatel @naccbrilahdd Witk vhoehnbwdiment dithppesénti ty head
106-5 al so includes ports 342a, 342b, and 342c that, ir} ne enpodi,nent,
corres ponmweoticpmelngu@reg@odiment, the proximity head 106 moves in the fashion as escribe

in reference to Figure 23C while, at the same time, the wafer 108 is rotated in direction

112 by using rollers 102a, 102b, and 102c as discussed in reference to the Figures.

20 Figure 24A shows a proximity head 106-5 that may be utilized for vertical
scanning of a wafer in accordance with one embodiment of the present invention. In one
embodiment, the proximity head 106-5 is at least as long as the diameter of the wafer 108
so the proximity head 106-5 can produce a meniscus that encompasses at least a diameter
of the wafer. In another embodiment, the proximity head 106-5 is long enough so the

25  meniscus produced by the proximity head 106-5 can extend across the diameter of the
wafer so as to include the regions of the wafer surface enclosed within the exclusion
region. Therefore, by use of the proximity head 106-5, an entire wafer surface may be
scanned in one pass. The proximity head 106-5 includes source inlets 302 and 306 and
source outlets 304. In one embodiment, there is a plurality of source inlets 306 that is in a

30  shape of a line that is surrounded by a plurality of source outlets 304 that forms a



inlet 302, source outlet 304, and source inlet 306 respectively. By
inputting or renmoving fluid through the ports 342a, 342b, and 342c, fluids
may be i nyotzbed3orsiout putted through the source inlet 30T/US2003/0381 Cce

outl et 304, and the source inlet 306. Although the ports 30 342a, 342b, and
342c correspond with the source inlet 302, the source outlet 304, and the
WO 2004/ 030051 PCT/ US2003/ 031051 -57-seurce inlet 306 in this exenplary
enbodi ment, it should be appreciated that the ports 342a, 342b, and 342c
may supply or renove fluid fromany suitable source inlet or source outlet
dependi ngreotangiier shapé.i Gwodineoof shegicrieldts 308 cauiadacsht totibe pbwdlity af saWreh of t he

inlets 30 d 306 with th tl 304, ..th i 116
heybe 1 of MEIPLAAdaRnS cmRad iRt T Trda o aR 8 ang 5 el SIER The
shape of B&E{Wéﬁﬁ ﬁlaﬁéﬁ}?y sy wirRERHE $hORehibtis 498 ih S eXbihey. and

di mensi ons o pT ox1 m ead 106-5. As shown in Figure 24B, the
portion 3dduldalso baeppmenisted tHahthetpr@dmitydpad 0 das imglias the @henmybximitye i nput
nce

2 7S s R bbb S S R oL ey
ranaged eélto!cgés%hhé(wé OB)% Oﬁng%n% g’[ﬁ@ eRfightatibl®f %giiré&a'ﬁ witlowRCtHe Rie! $Hapgd and

mai ntai ned 1N an opti na I n“one enbodinent, source inlet 306 may
be angl edahtthedertiahality of idanemsess ang balsbatge80In odepereleadinant the ratigeendt i on of

the source outlet 304 where angle 90 would b Lot owar t he waf er
and t he afigeseoighewroriminehend, Hieisizgs Pgmﬁﬁﬂmfﬁlrﬁﬁggégﬁ?‘ggoéﬂﬁw YN n a

pr ef er abl i . r i t L ; regs. It
Shout d_ e SHENEAGH: FEF e S oF e s S 5438 iS40 B o B B gt 2R R Ty
be anghed2i0) av¥s deictibéd shovengleferhatto Fagtrept Ii- td.z Ehdrbfore éeprakingity, headnt r ol |
and managenent of a stable fluid, neniscus. Fi %ure 24C shows an iLsqnetric
view of t AR6-Hrmesdi be any shisahie sige and ponfiguabon dppdmg eihe ABPUGHER AFENE: of t he
present invention. The view of the proximty head 106-5 20 shown in Figure
24C shows a bafkr siadelephHos prexintity hvad dedesired tocsan ampriirei2Ae mpas@fedhnect i ng

hol es 580 and al jgnin ol es The connecting hol es ed to
attach t h@HPHRi t:l?‘igi’ff’xﬁ‘ggﬁ H"?L%P(%% BlaX%B eog?iqﬁv?§pﬁoé;§§f ‘glé’rd?l%g?%@%g%?gni ng
hol es may i i inhi ; ingh ih RecBNT freledcld SRS rEEo® Bf theeoapph icadti on
desi red. glsgﬁ%ﬂ%?rr%t%sletﬁge%gbn%géﬁ giljfo i ncl ﬁdes %25%0342& 342b, and 342,
on a $5 de defiretihe bp pmcessed,ythterdistGangy BSlespibaisl@anmha lensilyi lipnethge of t he

roximty head 106-5. It should he.appreciated.t th nf | t] d
Poont | on GRampl Bone rosily BeupdosRats S dn eBiirerl g weFEl dngead g "

proximity head 106-5 may have to have a process window that produces a meniscus that is
at least 300 mm in length. If the exclusionary region of the 300 mm is not desired to be
processed, the meniscus may be less that 300 mm in length. In yet another embodiment, if

20  asemicircle of the wafer is desired to be processed by a proximity head in one pass, the
process window may be a size that would produce a meniscus length that is at least a
radius of the wafer. Therefore, the size of the manifold, process window, and the

meniscus may be changed depending on the application desired.

Figure 24B shows a side view of the proximity head 106-5 in accordance with one
25  embodiment of the present invention. In this embodiment, the proximity head 106-5 also
includes ports 342a, 342b, and 342¢ that, in one embodiment, correspond to the source
inlet 302, source outlet 304, and source inlet 306 respectively. By inputting or removing
fluid through the ports 342a, 342b, and 342c, fluids may be inputted or outputted through
the source inlet 302, the source outlet 304, and the source inlet 306. Although the ports
30  342a, 342b, and 342¢ correspond with the source inlet 302, the source outlet 304, and the



the aligning holes 582 may be application dependent and therefore may be
any suitable configuration and |location as |long as the neniscus may be
managed iwoOaoecw3demce wWith the descriptions herein. WOPEOOA2QGB08H%1

PCT/ US2003/ 031051 -58 Figure 25A shows a nulti-process w ndow proximty
head 106-6 in accordance w th one enbodi nent of the present invention. The
proxi mty head 106-6 includes two proeéess w ndows 538-1 and 538-2. In one
enbodi ment, the process w ndow 538-2 may use cleaning fluids instead of
DIWto clean waf ers. The process w ndow 538-2 nmay use 5 any suitable

conf i gur asduoce mfet §%1m:th18| axemplrpenibodiment, i showld hmyp@pq@teyl «'Wh%ml'isabl e type

f | h f | d
538-2 may 1k % fnd, 3 B ety rETEVS A TRy Rl POl o o R PG d. 1
anot her epgiy g L HEHhP EOEERPatiof RRERW, TFRBavscBEYhd eteifieffatioh B the source

conflguratlons an unctlons of source inlets and outlets described
herei n. 1l&ha0Damaciswith ﬂnbcmuﬁﬁ&uﬂletsra94,tth@memsyust Hé may ke formpé befvsers s

dow 538- 1 t abl t f | et d
Sour o8 outheareniabadret L0 gt ke B i Pand o e e BREY e Str bed
herein foa #ngQ)PEEhé’\@Jrﬂ BB%ﬁ@me&ﬁfo%E Of fhe p%sunﬁlt_sy%egd 10615t iARlsBoWh g €SS

w ndows mu unctions such as cleaning and drying maybe acconplished
by one pr Eigum MB,hlwpbrtlblm 342 arlrthe bmxrceemlma{)@mw beicostigaed t5f angld the gapat 15

Eregggsfm\;/mogﬂ’om%ttgg Fikdhee 0 s <A1 PR LD ot Breneng o puiet 28 B Y
proxim ty, ?g f@yangir]ﬂ%@ufcgﬁﬂwo%rthe%s@ﬁ?ﬁoﬁ'be Rl dfvicidRddsdmy dry the

waf er acco e apparatuses and nethodol ogy descri bed herein.
Fi gur €0 25h b@ﬁﬁheanéniédusﬁmyd)@esﬁtwﬂedcthmmmmmdulyameMdnalOﬁamew Inronehr ee 20

process wi ndows in accordance w th on nbodi nent, of the pre i nvention.
It shoul dembedigisph serge BHet3GMAYRS ﬂ?ﬂ@ﬁi‘%ﬁ"f"i’ gg%@ Olé%reﬁsﬁgg ﬁ?i’gbgde any

sui tabl e es of
pr ocessi nge%g@ssl Pedf (tllggcgl(dﬁ%g{ch%%o'\’/'}chgﬁﬂ\%ég?/Q\?ﬁ% (l)é;?bm%tggldhead 13%qgwﬁl?dﬁ one
enbodi menthe wirer fidaké ahdly 0Readd BEPoirting mwauﬂasthasmo@emetmmdm 538-1,

538-2, and 538-3. I n one enbodi nent, the process 25 ndowtvag é 538- 2,
and 538- 3praferablesmbodignent the sgeediniat A0 15&1@613&3}}@1491 cgEss Ihahowdhe

respectivel ln tanot Y Q{ﬁbﬁ
neni Si% é‘g to ﬁ%ﬁgf thB%O%ﬁIQtn%Oé’z atﬂﬁ s&;@g 8‘2‘3"’# Wﬁ%glgegggs% vvl1 ndow 538-2
may gener ahgle dt hd§phshize the generation, control, and management of a stable fluid

meniscus.

Figure 24C shows an isometric view of the proximity head 106-5 in accordance

with one embodiment of the present invention. The view of the proximity head 106-5

20  shown in Figure 24C shows a back side opposite the process window which includes
connecting holes 580 and aligning holes 582. The connecting holes 580 may be used to
attach the proximity head 106-5 to a proximity head carrier. The aligning holes may be
utilized to align the manifold depending on the application desired. The proximity head
106-5 also includes ports 342a, 342b, and 342, on a side of the proximity head 106-5

25  opposite the leading edge of the proximity head 106-5. It should be appreciated that the
configuration and location of the ports 342a, 342b, 342c, and connecting holes 580, and
the aligning holes 582 may be application dependent and therefore may be any suitable
configuration and location as long as the meniscus may be managed in accordance with the

descriptions herein.



fluid neniscus to clean a wafer surface. The process w ndows 538-1 and
538-2 includes at least one source inlet 306 to apply fluid to the wafer
surface. Wo20mo3ervodi ment, the 30 process w ndows 538- PCINt2&BBIDsAY
optionally include source inlet 302 and source WO 2004/ 030051

PCT/ US2003/ 031051 -59 outlet 304 to generate a stable and controllable
fluid neniscus. The process w ndow 53858 nmay generate the fluid neniscus
116 to dry the wafer. It should be appreciated that the process w ndow
538-3 both rinses and dries the wafer surface because the fluid neniscus

i's Imagledu!o of hlagwe 2B heghefve nanuldifrdesenindoyperexinfityphead d 96-6vinradessdanegy be
included in the 5 proximty head 106-7. di scussed i.n.ceference to Figure
ﬁSA abovewith asg @abodimeﬂfa‘?fitﬁﬁpreﬁ‘iﬂtﬂ“rvﬁméo%f@?%%@xwl glb%gqloﬁ?golﬁ%lug?so 1o tyg
ead, mult.ipl B AY ng\%%_ SR £ pRIEssBKi lig)

proxim t rﬁge_:as g‘R 1lér(ggé)‘;Slr)ge:;tgul_se orﬂg?ﬁf(?%rent qg{ljér{ig’gtgeg%s%u%sﬁ{qgggw §I3ganl}hﬁg,

rinsi nlg’ @Be%cuéagjnge%ds Mngedaceomm td bieemtviafens. HElse freesss sasdow H3%2 inmeytusens of
several preferre enbodi nents, (it will be appreciated tha ose skilled
:j n thé aranyupsable cerfigvgationeolspwee inlply and pailsts § g‘?‘%ﬁ%pléﬁﬂy §‘{1{?B§ﬂnﬁﬁe ?ﬁe

rayvi ngs will realize vard I 1'196;?], g%@' ' i and
equi val en%,vgan(“?‘%ﬁlélgft? et‘gji'{f{glc')t é)?lg%glﬁbghl nt gr‘%lc]ie th %ﬁ'g?ﬂ tﬁ%%wggge_ggﬁ?}hlhg@g%t I on

i ncl udes gIY somedinddts Blabinagapply atddlédntmsiluife Imutahdrenbodaneht dheprmbsnt s as
fall within"the true spirit and scope of the invent%'on. 15 What iﬁ cl ai med
is: WO 200u1dog0iss12 peyinsxisohazenbgurations apd Aumgiony of RuIGgRlefsAnd outlets
preparatign system. conprising:. a head having a head surface, the head
surface ¢ ‘?‘?F?%ﬁ#l%egélpb be proximate to a surface of the substrate when in
operation; 5 at |east one, of

to t ht) surf aceThs Profess vy P g%'glr’g‘%}r %‘g‘g H&L{h%“}cﬁge&d ‘}E‘Iﬁlp }/q%rséa?g‘%ing%ggl%g Ilaf !s gl: g nd
i ough 1Y e B e Ui ot 11 b
and at | eesdfiganeions awd funbtichsatesdtiliet biwin fordunigiy weke lsurftce; hBherposs, bY| ui d
and the S1?s(.:eoonfdmultiple process windows multiple functions such as cleaning and drying may be

accomplished by one proximity head. In yet another embodiment, instead of multiple

15  process windows being located on one proximity head, multiple proximity heads may be
utilized to process the wafer where, for example, one proximity head may clean the wafer
and another proximity head may dry the wafer according to the apparatuses and

methodology described herein.

Figure 25B shows a multi-process window proximity head 106-7 with three

20  process windows in accordance with one embodiment of the present invention. It should
be appreciated that the proximity head 106-7 may include any suitable number of
processing windows depending on the number and types of processing desired to be
accomplished by the proximity head 106-7. In one embodiment, the proximity head 106-7
includes a process window 538-1, 538-2, and 538-3. In one embodiment, the process

25  window 538-1, 538-2, and 538-3 are cleaning, rinsing/drying, and drying process windows
respectively. In one embodiment, the process window 538-1 may form a meniscus made
up of DIW to rinse a wafer surface. The process window 538-2 may generate a cleaning
fluid meniscus to clean a wafer surface. The process windows 538-1 and 538-2 includes at
Jeast one source inlet 306 to apply fluid to the wafer surface. In one embodiment, the

30  process windows 538-1 and 538-2 may optionally include source inlet 302 and source



10 fluid fromthe surface of the substrate, the at |east one of the third
conduit being located to substantially surround the at |east one of the
first comaoizng4/osh@nei n the at | east one of the first ceaduiseoostobmsat | east
one of the second conduit, and the at |east one of the third conduit being
configured to act substantially sinultaneously when in operation; wherein
the at | east one of the second conduits$s |ocated to substantially surround
15 at least a portion of the at |east one of the third conduit. 2. A
substrate preparation systemas recited in claim1, wherein the substrate
noves al omglea38prcidtmtt amablo angcaftiollebledluidmenistis. Ndwdregeay winslos 1313

f f th bstrate. 3. t hod_ f i bstr At
Compr | o1 ey SO A o werisrut | 3 0l et A nen] B ae e e PP ace of
the SubStyahas vARRW S36L33oRERRA afd Widh BOWALA sHAERMcAROURIGE ridaioaulr face

of the substrate; and renoving the first fluid and the second fluid from
t he sur f agénale vphef NWasThatfore, differentdymesiofi grasessuvindeonys mag e analededdn theyi on

SUbst Sht | BIRYTLRIINAS e PlesiSrecHinSEetEh < EERaSr HRge BEHER BHEnd ' he
appl yi ng %ﬂﬂ%@gmr QM{I&%J fIdHE pRoifat rheJTld, %1%1516??0;&&%%@-@: bugeat hod

for processi UBEtrate as recited ih cldim urthef conpri'sing:

scanni ng {vherea@elor eloreol thie piaxdmity hemis ndyebesused fwalifférentymrgesss suchtas. WO
2004/ 030051 PCT/ US2003/ 031051 -61 5. A nmethod for processing substrate as
reci ted i pleaning.mnsingwheing fict he first fluid is one of DIWand a cl eani ng
fluid. 6. A nmethod for processing substrate as recited in claim3, wherein
the second fl W¥dleithisomeentibn heshpaeogigscribied ghisrms pisgycrahpisterred; ¢ r ogen,

' ds, .5. | .. ethyl gl s ci with
vator 16 7 bt it vl B aBCetafy daiiliet SPueq B SRTRGHRaRD BE pipebale | L |
the renmoying LAcnd dnastudyind e apsibhioyiTaeand vatihdalidalondesidafmpbyi ng a

vacuumin close proximty to the surface of the substrate. 8. A nethod for
pr ocessi ngesuhationaed aguivaeits dwréod. Hliathereforeviniendddrihatiibe preseniapieatonR
extends up to a dianeter of the. substrate. 9. substrate . At on
system c Hipides ph gue l%?rﬂopﬁlagﬁﬁ@y?’r?ﬁnﬁutéﬁ?qsaﬁ%, et esnggr Sa@g%ﬁgﬁrilﬁﬂge ured to
be proxi mghe sfidit aniob@6Etfinvention.
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What is claimed is:



the substrate when in operation; at |east one of a first source inlet for
delivering a first fluid to the surface of the 15 substrate through the
mani f ol d; wat2004m8i510ne of a second source inlet for del iPrcerisagp3a3vscond
fluid to the surface of the substrate through the manifold, the second
fluid being different than the first fluid; and at |east one of a source
outlet for renoving each of the first-6duid and the second fluid fromthe
surface of the substrate, the at |east one of the source outlet being

| ocated to 20 substantially surround the at |east one of the first source
inlet, and the at |east one of the fiCltABM8rce inlet, the at |east one of
the second source inlet, and the at |east one of the source outlet being

configured to act substantially sinultan . en in operation; wherein
the at | east oﬂe ofKts‘f’i‘t%s(%%1 ec%ﬁ%&%%%@teph?glﬁsé%@%unds at least a trailing

edge side of the at |east one.of the sour . for use
in preparing aaa‘l?fig’lav@ﬁlﬁfﬁgé SUTLESip FE‘F%‘E%{H%(S ?!rs{g‘ selﬁirtﬁ Z’géog%ﬁlﬁaﬁgg%ead, t he
first surfage. semakhissu@fe WRinig opbgesd in close proximty to the wafer
surface; WO 2004/030051 PCT/ US2003/031051 -62 a first conduit region on

the head, the fijgat oot édiRTordriivaach 4 frst deid tvelieysufacaof ther st f 1 ui d
to wafer of the surface, the first conduit region defined in a center

portion ofubbtuee threwgh thahsabond conduit regi on on the head, the second
conduit region being configured to 5 surround the first conduit region;
and a third coatdesst omeef ovecomi eanduit derdlelivering hsacand Bwddp the BEkaes oHEFi ned

for deli f d fluid to, the vafer . surf ;. dui t
Fegi on defibbtg thoudhEeBied. o et A p¥ReTh uioh Aafime PG A Saton

d condui t i on: i d_condui t ' [ | of
The firet 1 u e monel LS i REERT Frr o e R PRY Ak | 2
firstyd ! upgigansn iReusBeonthE bitistaOmBianRestWink bf tHeahird esmindd being lobated tui r d

conduit region of the head defines a controllable neniscus that is_ defined
bet ween t fbstaatiallyaswirotihé theedt dsastsencfaddle fsbernduitopbersin theallgest oReohibsd i s

proximate_to the, wafer surfac 11. head, f or, .,use i e | er
surface afirst g%r}quggﬁqe At {8ashigne g:[he\/ﬁ‘?‘é ] ‘ﬁ’ng]ilé’ and t%epag r%%a%tggléex&?{% ﬂlgrrﬁlaqtoﬁ(gﬁl?
sem -encl B&iHE Eonfigured to act substantially simultaneously when in operation;
wherein the at least one of the second conduit is located to substantially surround
15  at least a portion of the at least one of the third conduit.

2. A substrate preparation system as recited in claim 1, wherein the substrate

moves along a specified motion profile so that the head traverses the surface of the

substrate.
3. A method for processing a substrate, comprising:
20 applying a first fluid onto a first region of a surface of the substrate;

applying a second fluid onto a second region of the surface of the substrate; and

removing the first fluid and the second fluid from the surface of the substrate, the

removing occurring from a third region that substantially surrounds the first region;

wherein the second region substantially surrounds at least a p ortion o f the third

25  region, and the applying and the removing forms a controlled fluid meniscus.
4. A method for processing substrate as recited in claim 3, further comprising:

scanning the controlled meniscus over the surface of the substrate.



12. A head for use in preparing a wafer surface as recited in claim 10,
wherein the wafer surface is capable of being scanned by the head where

t he openiwg@ 2064/3h@&1sem - encl osure | eads in the directi ecTafS2e388105ng. 13.
A cluster architecture systemfor processing a wafer, conprising: 20 an
integrated drying system the integrated drying systemincluding at |east
one proximty head for drying a subst+é@te; and processing nodul es coupl ed
to the integrated drying system the processing nodules selected fromone
or nore of a chem cal mechanical planarization nodule, a negasonic
processi ng noddl e, $ﬂeﬁmdlmeIMahg§ul$ndteas rettltﬁﬂlnmglamduWéerezﬁhﬂﬁrstA
cluster archjtecture_system.for essing a wafer as recited in claim13,
wher ei n t A@idIs 086 PF I}Z}%ﬁlﬂaedf“aéu 111f a brush box and a spin rinse and dry

(SRD) nodul e. 15 cl ust architect re system f.or sing..a wafer as
recited in clai®m 13, Amﬁﬁqﬁéw%ﬁﬁﬂ%ﬁ rat rg@%%él@%%g}ifﬁ@ﬁﬂ%%y 031051
-63 a fro Wb Rk PARSHo P AS WSS AR gbmlo éﬁ[@ccﬁﬁ&uﬂ@sdeamng
nodul e, tﬁécoglﬁglélgcg%%?lc%oprgg ggl ng m)gs§ Q?& Clvé ul e, the et chi ng
nodul e5  amdxdriod etinll ghycal, end canyoungs sysmlﬁerW1t1:16Nat¢r cluster architecture
system for processing a wafer as recited in claim15, 5 wherein a robot

| oads t he waf er7. f r onmAtrhethdd fonpreaskingabistrate es wmadedin dim BIvdzméingharodul e,
t he megasoni c processing

the etch dul d
e | nt coranevioa gt Bydrathespeond T liiel PR Ly For

processin fhskh@ M 16, wherein the robot transports
t he subst%a&e»%&?é\ggeasu% gé%tﬁgﬁlkné nodul e, the cleaning 10 nodule, the CWP

nmodul e, the mega Son'&rﬂ%ﬂlf‘3¥%ﬂ@pr O?%ubs‘i‘ﬁa?@a[s%%ﬁ%dqﬁ)élaﬂﬁ WM the8. A

cluster architecture system essing a wafer as recited in claim13,
wher eil0 t hgenigtue grtahdxtupoioy digmstgsofihe substrades, a proximity head carrier
assenbly configured to scan the substrate, the proximty head carrier
assenbly incl uding, ASulstrbierstpapationisystem, seaptised:ng di sposed over a
substrate; a second proximty head being di sposed under the substrate; an
upper ar m conneahasdfoM hivihge strifacst thp suofaceicoyfipead to béerouppase taa surface of

the substrate when in operation;
at least one of a first source inlet for delivering a first fluid to the surface of the
15  substrate through the manifold;

at least one of a second source inlet for delivering a second fluid to the surface of

the substrate through the manifold, the second fluid being different than the first fluid; and

at least one of a source outlet for removing each of the first fluid and the second
fluid from the surface of the substrate, the at least one of the source outlet being located to
20  substantially surround the at least one of the first source inlet, and the at least one of the
first source inlet, the at least one of the second source inlet, and the at least one of the

source outlet being configured to act substantially simultaneously when in operation;

wherein the at least one of the second source inlet surrounds at least a trailing edge

side of the at least one of the source outlet.
25 10. A head for use in preparing a wafer surface, comprising:

a first surface of the head, the first surface capable of being placed in close

proximity to the wafer surface;



being configured so the first proximty head is novable into close
proximty over the substrate to initiate substrate preparation; and 20 a

| ower ar mvocnowesb@d with the second proximty head, thePCouszo03asrmsbei ng
configured so the second proximty head is novable into close proximty
under the substrate to initiate substrate preparation. 19. A cluster
architecture systemfor processing a wad2er as recited in claim18, wherein
the proximty head includes, 25 a first surface of the head, the first
surface capabl e of being placed in close proximty to the substrate
surface; WO 2064iSB@n8ait REivUSLHO BeaB tiosfirst ceuluy rédion defineddor deliveni &t on
the head, the first conduit reqgign defined for del.ivery of a first.fluid
to the sug{g?tr%’tl@t%\w%éegt, © Side r&’?lﬁq tc?ﬂagw TG, cgeﬁna‘g}r?/%‘é%ﬂ?rr? oiq ?ﬁtfel?
portion ofytlhe head; a second conduit region on the head, the second
conduit region being configured to 5 surround the first conduit region;

and a third condutnd &aueR réig'ibr%j &etnl Eﬁﬁé’d, tﬁe{;&c&ﬁﬂ EhaaR rekabd béigg berTighedd taed

for delivery of a second fluid to e ‘substrate surface, the third conduit
r egi on5defsunmbwmyl the Sesticondiit wgioneawwt the first conduit region and the
second conduit region; wherein second conduit region enabling a renoval of
the first fluichthid comdnitegiondn thohdaduihd thighepndhdredion definedddt dadivgriotf a he

first fluid and the second fluid copbined with the. removal by the ird
condui t ré&§F Q}Fdf%é‘eﬁgg SYEpEe, the tg‘?@fi?ﬁdru\é%rle@w eﬁ@ﬂ??@ﬁ@l'ﬁé?sqr%&%&i ned
between t hsf\eadi AidiRdIHDSIbA! Barttiiragenihen in operation and the head
is proxinmate to t substrate surface. 20. A method for processing a

substrate, the \ﬁﬁg?éihrs@éo%d?ﬁhdlﬂgt %giaﬁteaaﬁﬁr?gl d emo¥ 1 ofehd fiskilng £iditBOEREnd

conprising: generating a u niscus on the surface of the vertically
ori entled Siihiétandtvelierainthe debivenygpfithecfifst fiid ané thesseoendofhad combinedr¥iticdeof t he

vertically oriented substrate to oces e surfac f the supsirate. 21.
A et hod Famopduass g consuibueton @ BERRE debiter 1t 0rfle RETIEIBHR 20
gener at| nQ{e#ﬂgd Bétwegn ffﬁfrfietﬁ géds %%%a'f&%ﬁrfa@eo@héﬂ ASplratibh 8hd fHeHed gt o a first

regi on of e surface o strate,;
proximate to the wafer surface.

11. A head for use in preparing a wafer surface as recited in claim 10, wherein
15  an opening exists in the semi-enclosure.
12. A head for use in preparing a wafer surface as recited in claim 10, wherein
the wafer surface is capable of being scanned by the head where the opening of the semi-

enclosure leads in the direction of scanning.
13. A cluster architecture system for processing a wafer, comprising:

20 an integrated drying system, the integrated drying system including at least one
proximity head for drying a substrate; and
processing modules coupled to the integrated drying system, the processing
modules selected from one or more of a chemical mechanical planarization module, a
megasonic processing module, a cleaning module, and an etching module.

25 14. A cluster architecture system for processing a wafer as recited in claim 13,

wherein the cleaning module is one of a brush box and a spin rinse and dry (SRD) module.

15. A cluster architecture system for processing a wafer as recited in claim 13,

further comprising:



applying a second fluid onto a second region of the surface of the
substrate; and renoving the first fluid and the second fluid fromthe
surface oWothevsouisstrate, the renoving occurring from &cCrhiseeb3regson t hat
substantially surrounds the first region; 25 wherein the second region
substantially surrounds at |east a portion of the third region, and the
applying and the renoving forns the flud nmeni scus. 22. A nethod for
processi ng substrate as recited in claim?21l, wherein the first fluid is
one of DIWand a cleaning fluid. WO 2004/ 030051 PCT/US2003/ 031051 -65 23.
A met hod for pracfocaﬂsnahg)aslelbwhmhtcadaﬂlersaba;ttaéejlnltmom efi the oleaning aradle, thee

second fluid is.one of.iso ohol A alcc

hexanol , é{lqg)aﬁom%pgpgﬁﬂsmggﬂ@lﬁg @L(‘@)smﬁfhélg tg? tb/dng Q/gé’?ee%n %g%getdr:od f or
pr ocessi ngiéﬁﬂgg§, e as recited in claim2l, wherein the 5 rermw ng the
first flui e second fluid includes applying a vacuumin cl ose

proximty to theg surf ggee Etchfﬂ&w?rH érﬁtf@rprggbsmﬁg AR Qs r6ditcR i ERER 159

substrate as recited in claim2 erein'the meniscus extends to at |east
a di amst erwlgdeih Iaeolmlbsadlsa}neewaﬁadﬁnmvths frbnbevnddoa@ptcr@g: afithotleating mediilsr to a

bottomre |on of the wafer. 6, rocessi trate as
recited i %m&gtﬁpm Prograsiag HlofiHé thﬁm dﬂbe ﬁl?eé%@ﬂ]?g H’Sgglgf aﬁ@ ®substrate
includes 3, %& ggt A drying, rinsing, and cleaning operation. 27. A
met hod for ocess g Bstrate as recited in claim 20, wherein generating

the neni SCUS | NGl Ude& clud®Rr ﬁféﬂﬂé&ﬁl@gyﬁeﬁ‘l'féﬁroéésﬁhg a¥afé dsirbStedifgiaff 16N t he

surface of the substrate surrounding the first region with a vacuum
regi on; se;mheraﬁclhmbnqrﬁﬂspoxvﬂhaslnbstmmhanmtthe einhiagphadete, sher dleanéng ensi on

reducing fluid reqion, the sem -enclosing definin en that | eads
to t hdOvaduedule.dbg gMP mgdulg, ti%f"f?&ﬁﬁoptﬁmﬁﬁl adthin %ﬁg&ryﬁt eci ted in

claim20, furt her 20 conpri nerat i an, addlt onal .flui d scus

on an additi onal8 surd ghistespr H %W@rswt?:t& P‘S/prg‘bffsﬁlgﬁtaé"éﬁ gAsSest énc vi ng
t he addi t'&H&émtﬂéﬂn?eg?ﬁgd&&%gs?r&%ﬁuhaﬁd@s?d' tional surface of the vertically

a proximity head carrier assembly configured to scan the substrate, the

proximity head carrier assembly including,
15 a first proximity head being disposed over a substrate;
a second proximity head being disposed under the substrate;

an upper arm connected with the first proximity head, the upper arm
being configured so the first proximity head is movable into close proximity over the

substrate to initiate substrate preparation; and

20 a lower arm connected with the second proximity head, the lower
arm being configured so the second proximity head is movable into close proximity under

the substrate to initiate substrate preparation.

19. A cluster architecture system for processing a wafer as recited in claim 18,

wherein the proximity head includes,

25 a first surface of the head, the first surface capable of being placed in close

proximity to the substrate surface;



oriented substrate to process the additional surface of the substrate. 25
29. A substrate preparation apparatus to be used in substrate processing
oper at i orwp 2001EP03I Ng: an arm capabl e of vertical novememtusheBwemsla fir st
edge of the substrate to a second edge of the substrate; and WO

2004/ 030051 PCT/ US2003/ 031051 -66 a head coupled to the arm the head

bei ng capable of formng a fluid nenisetés-on a surface of the substrate
and capabl e of being noved over the surface of the substrate. 30. A
substrate preparation apparatus as recited in claim29, wherein the head

i ncl udes, 5 at @ Brséconsiue region of itheshead dhe Sest comdanit region dlefingdior delivery pfat

fluid to the, surface of the ubstrate through the.head; at. |least o of a
second sou&@EﬁFlﬂltgﬁ‘efSHLStﬁag? FV@%PF’n%e irsgg‘&%({%t Igglﬁp eﬁ%ecflﬁea Sl B2 1081“)??kfehe
substrate ggough the head, the second fluid being different than the first
fluid; and at | east one of a source outlet for renoving each of the first

fluid and the sggRBAd déhdulitbsloh bRMd 8 SHE EReld ebnduteresidh Deinalcenfibhied &
| east one of the source outlet being |ocated to substantially surround the

at | east oswerouhd thecfirki coplud exgiom apdl et, and the at | east one of the first
source inlet, the at least one of the second source inlet, and the at | east
one of the sourthéerdoenileit rageinan the heady thedlird gondit region dgfingdafor delivery of a

si mul t aneousl i.n operation; erein the at.le .one of. the secand
source 1 i SEout G n e SBSRaRiey PE i by Beicr Tl S e RERC
one of_thethé%t%snaﬁiﬁegfma%a-the%ea&nﬁ&{nahﬁr i§Rar ation apparatus as recited
in claim?29, wherein the armis configured to nove the head down a

di ameter of theyaubstdeadit codduit foeidiPSTabRhEa RISRAI 8 the Miret HRAA Addihe 3&conaci t ed
in claim?29, wherein the head extends at |east a di aneter of the

subst ri e. fl@id, 861 wieremrthd ddlivefyoof the Brst Aujskanddhé sagond fnideqomhimddavigh the
conprising: a fjrs roocess w ndow | first portio the mani fol d being
confi gur ed™g¥Y @frl%ﬁ t%‘e %Hr‘f‘?qnéwt F"?gﬁ‘i’rﬂoﬁfgﬁ ﬁgacd{ée%gﬁsp? ﬁ%ntwg]'agie TaeP§Ae ré}at gnhd a

second prog&ssd WbRAQWdhad 368 ARGuBAAd SRRt whis il St tRnthnB8hdBeaq8f | gur ed
to generate a second fluid neniscus on the wafer surface. 25 34. A

mani f ol d fpEoxinsete tonthp selpstuatersyriacanaf er surface as recited in claim33,

20. A method for processing a substrate, the substrate being substantially

15  vertically oriented, comprising:

generating a fluid meniscus on the surface of the vertically oriented substrate; and
moving the fluid meniscus over the surface of the vertically oriented substrate to

process the surface of the substrate.

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

20  generating the fluid meniscus includes,
applying a first fluid onto a first region of the surface of the substrate;
applying a second fluid onto a second region of the surface of the substrate; and

removing the first fluid and the second fluid from the surface of the substrate, the

removing occurring from a third region that substantially surrounds the first region;

25 wherein the second region substantially surrounds at least a portion of the third

region, and the applying and the removing forms the fluid meniscus.

22. A method for processing substrate as recited in claim 21, wherein the first

fluid is one of DIW and a cleaning fluid.



V\,he_rei n t_he first fluid neniscus cleans the wafer surface and the second
fluid nmeniscus cleans and dries the wafer surface.
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23. A method for processing substrate as recited in claim 21, wherein the
second fluid is one of isopropyl alcohol (IPA) vapor, organic compounds, hexanol, ethyl

glycol, and compounds miscible with water.

24, A method for processing substrate as recited in claim 21, wherein the
5  removing the first fluid and the second fluid includes applying a vacuum in close

proximity to the surface of the substrate.

25. A method for processing substrate as recited in claim 20, wherein the
meniscus extends to at least a diameter of the substrate and moves from a top region of the

wafer to a bottom region of the wafer.

10 26. A method for processing substrate as recited in claim 20, wherein the
processing the surface of the substrate includes at least one of a drying, rinsing, and

cleaning operation.

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

generating the meniscus includes,
15 supplying a first fluid at a first region on the surface of the substrate;
surrounding the first region with a vacuum region;

semi-enclosing the vacuum region with an applied surface tension reducing fluid

region, the semi-enclosing defining an opening that leads to the vacuum region.

28. A method for processing a substrate as recited in claim 20, further
20  comprising:
generating an additional fluid meniscus on an additional surface of the vertically
oriented substrate; and
moving the additional fluid meniscus over the additional surface of the vertically

oriented substrate to process the additional surface of the substrate.

25 29. A substrate preparation apparatus to be used in substrate processing

operations, comprising:

an arm capable of vertical movement between a first edge of the substrate

to a second edge of the substrate; and
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a head coupled to the arm, the head being capable of forming a fluid meniscus on

a surface of the substrate and capable of being moved over the surface of the substrate.

30. A substrate preparation apparatus as recited in claim 29, wherein the head

includes,

at least one of a first source inlet for delivering a first fluid to the surface of the

substrate through the head;

at least one of a second source inlet for delivering a second fluid to the surface of

the substrate through the head, the second fluid being different than the first fluid; and

at least one of a source outlet for removing each of the first fluid and the second
fluid from the surface of the substrate, the at least one of the source outlet being located to
substantially surround the at least one of the first source inlet, and the at least one of the
first source inlet, the at least one of the second source inlet, and the at least one of the

source outlet being configured to act substantially simultaneously when in operation;

wherein the at least one of the second source inlet surrounds at least a trailing edge

side of the at least one of the source outlet.

31. A substrate preparation apparatus as recited in claim 29, wherein the arm is

configured to move the head down a diameter of the substrate.

32. A substrate preparation apparatus as recited in claim 29, wherein the head

extends at least a diameter of the substrate.
33. A manifold for use in preparing a wafer surface, comprising:

a first process window in a first portion of the manifold being configured generate

a first fluid meniscus on the wafer surface; and

a second process window in a second portion of the manifold being configured to

generate a second fluid meniscus on the wafer surface.

34. A manifold for use in preparing a wafer surface as recited in claim 33,
wherein the first fluid meniscus cleans the wafer surface and the second fluid meniscus

cleans and dries the wafer surface.



