-t System for Substrate Processing with Meniscus, Vacuum |PA vapor,

Dryi ng Mani fold BACKGROUND OF THE I NVENTION 1. Field of the Invention The
present invention relates to sem conductor wafer processing, cleaning, and
drying and, nore particularly, to apparatuses and techni ques for nore
efficiently adding and renoving fluids fromwafer surfaces while reducing
contam nation and decreasing wafer prgcessing costs. 2. Description of the
Rel ated Art In the sem conductor chip fabrication process, it is well-known
that there is a need to clean and dry a wafer where a fabrication
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a rolling conveyor belt. This conveyor belt uses a slurry which consists of

chem cal s and abrasive materials to cause t mQB' i shing. Unfortunately,
this process tends to | eBACKREROUNHMATHENNMYENTIONy particles and
residues at the wafer surface. If left on the wafer, the unwanted residual
material and particles may cause, anong other things, defects such as
scrat ches pieid femeaheéndslf f ace and i nappropriate interactions between
nmetallization features. In sonme cases, such defects nay cause devices on

t he waf er to?%clg.g% [ . { t f
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that | eave unwanted. resi dues, After a wafer has been wet clsgned, .the wafer

must be 28f feRowne didsfzry walenptulasat Whilgretucaie cantapiraon PO dese/iBhit s from

| eavi ”gvéagé‘;ﬂHg&sﬁchQ@. wafer. If the cleaning fluid on the wafer surface
is allowed to evaporate, as usually happens when droplets form residues

or contamant.s..previously .dissolved in the cleaning fluid will remain on
t he 2_3‘ m%?%’flpglu?fogé'geéf"{aé?ézifgpor ation (e.g., and formspots). To prevent

evaporation fromtakin | ace, _.the cleaning fluid st be renoved as
qui ckly as p&%g?enﬁegu‘c?ﬁ'%ﬁ'ﬁg)f CF‘H’J"“LBF‘?H{N Wﬁ%f% it is well known that (hexe 15 a iced

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
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 surf:acc. If left on the
walfer, 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, 1t is therefore necessary to clean the wafer adequately yet efficiently afier

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



droplets on the wafer surface. In an attenpt to acconplish this, one of
several different drying techniques are enployed such as spin drying, |PA
or Marangoni drying. Al of these drying techniques utilize some formof a
noving liquid/gas interface on a wafer surface which, if properly

mai ntai ned, results in drying of a wafer surface without the fornmation of
droplets. Unfortunately, if the novingad. quid/gas interface breaks down, as
often happens with all of the aforenentioned drying nethods, droplets form
and evaporation occurs resulting in contam nants being left on the wafer
sur f ace. wifee sunfsde qﬁeeeadxp&mﬁtuﬂr(wgw,gmﬁefohmsmte) UBe gretvotlioyv apsratipn roin fakeg
drying ( Fi gure il lustrates novenent of cleaning fluids on a wafer
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fluidi §ut9idk3|o$@1@\\(\@ﬁér (@t kackafsducdrfyahe mdheg lléﬂﬁi/éusrlﬂterface 12 gets
larger) as the drying process progresses. In the example of Figure 1, the inside area of the
circle formed by the moving liquid/gas interface 12 is free from the fluid and the outside
area of the circle formed by the moving liquid/gas interface 12 is the cleaning fluid.
Therefore, as the drying process continues, the section inside (the dry area) of the moving
liquid/gas interface 12 increases while the area (the wet area) outside of the moving
liquid/gas interface 12 decreases. As stated previously, if the moving liquid/gas interface
12 breaks down, droplets of the cleaning fluid form on the wafer and contamination may
occur due to evaporation of the droplets. As such, it is immperative 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 hiquid interface breakdown.

In addition, the SRD process has difficulties with drying wafer surfaces that are

hydrophobic. Hydrophobic wafer surfaces can be difficult to dry because such surfaces



cleaning fluid (if aqueous based) will be repelled by the wafer surface. As
a result, the aqueous cleaning fluid will want the | east anpbunt of area to
be in contact with the hydrophobic wafer surface. Additionally, the
aqueous cleaning solution tends cling to itself as a result of surface
tension i.e. as a result of nolecular hydrogen bonding). Therefore,
because of the hydrophobic interactionsiand the surface tension, balls (or
dropl ets) of aqueous cleaning fluid forms in an uncontroll ed manner on the
hydr ophobi ¢  wafer surface. This formation of droplets results in the
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i ncl udeg'cd"%ff”g%{ﬁ?ar‘fﬁ eshRet Al wisen wsedom hglrenhobsg water sidaces4- " | n anot her
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I nt egr atdd; Xfegt%ng, 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

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
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.,

In 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

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



systemincludes at |east one proximty head for drying a substrate. The
system further includes processing nodules coupled to the integrated
dryi ng system where the processing nodules are selected fromone or nore
of a chem cal mechanical planarization nodule, a negasonic processing
nodul e, a cl eaning nodul e, and an etching nodule. In yet another

enbodi ment, a nethod for cluster processing a substrate is provided. The
met hod includes performng at | east one of etching a substrate, planarizing

the substrate, megasonically processing the substrate, cleaning the
substrate. Th& ARifgerapedimentye clvgiscs a@hﬁpﬁgreo%’s&ew&ogaﬁww&a i#ryi ng

i ncl udes i L.J S j g N | [ Qf the
substrat%@wgkﬁl?&ﬁgygkéékgﬁg&%?U@g%%ﬁ%%&h&gisgkﬁgﬁgéfgﬁﬁggagﬁ%ﬁ%gﬂg‘ace of
t he substystneinchnits melationg prdéndidytehd fhrtirdingncsublteats eThO eystdriifgktiigrom t he

surface . of the substrate. The renoving occurs froma third region that
subst ant PEiugs Brocessingsodpes cqupled tortheinperate alrging svriem aicsn theaneessavigal | v
sur rounds ' t he Lrd redi ; t he | yi and the
Ferovi ng i anies BRI UM e B pioPE ol Dbl i A e EfBR o, 2
enbodi mentgasanis posdessing npydefa b aldabiheSHic&En) 4kl A @tiisiethodicch incl udes a
head for use in preparing a wafer surface including a first surface of the
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fluid and the second fluid, and wherein the delivery of the first flui
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head al so includes at st one 0 I rst” conduit
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
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
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

surface.



delivering a first fluid to the surface of the substrate through the head
and at | east one of a second conduit for delivering a second fluid to the
surface of the substrate through the head where the second fluid being
different than the first fluid. The head further includes at |east one of
a third conduit for renoving each of the first fluid and the second fluid
from the surface of the substrate wherse the at | east one of the third
conduit is located to substantially surround the at | east one of the first
conduit, Wwherein the at |least one of the first conduit, the at |east one
of the secondlzemahert embznddmentea subshreegircpanatiaf systee shirovided mdught inchiles
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leads to the vacuum region. The method also includes scanning the first region where the
vacuum region and the applied surface tension reduces fluid region over the wafer surface

where the scanning leads with the opening.

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

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.



meni scus on a surface of the substrate and capabl e of being noved over the
surface of the substrate. In yet another enbodinent, a manifold for use in
preparing a wafer surface is provided. The manifold includes a first
process window in a first portion of the manifold being configured
generate a first fluid neniscus on the wafer surface. The manifold further
i ncl udes a second process wi ndow in a gecond portion of the manifold being
configured to generate a second fluid neniscus on the wafer surface. The
advant ages of the present invention are nunmerous. Mst notably, the
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fluid atgligawafer surface with a significant reduction in remaining
contam nation as conpared with other cleaning and drying techniques. In
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of | PA, cobfijM@ddo geiiqrbte aGkcdddlgia m@isdie onaKe daddraagathe surface of the
wafer to clean and dry the wafer. Therefore, the present invention
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to efficient wafer drying with lower levels of contamination. The present invention
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
significant reduction in remaining contamination as compared with other cleaning and

drying techniques.

In addition, the present invention may utilize application of an isopropyl 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
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



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 nay be less time in wafer transport tinme because the

nodul es/tools are integrated on one system In addition, there may space
savings so less footprint is needed to house the wafer processing

appar atuses. Therefore, the present imwv&ntion may be incorporated into any
suitable variety of systens to nake wafer processing nore efficient and
cost effective. Oxher aspects and advantages of the present invention wll
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of the presenbthcPY§REIsORd bl AHER s RS PSeA ih AR bh VI ccBmeBlhhreat 88 NY
and drying system which includes nmultiple proximty heads for a particular
sur f ace the follesving fletailpdh desciptida alenintdenpmetion mb duthrantoropanshes grasdngs,

I nventi ?ﬁ'ﬁstrating by way of example the principles of the present invention.

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

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.

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 1n accordance with one embodiment of the present invention.



Figure 4B shows a side view of the wafer cleaning and drying system which
includes multiple proximty heads for a particular surface of the wafer in
accordance with one enbodi nent of the present invention, Figure 5A shows a
top view of a wafer cleaning and drying systemwith a proximty head in a
hori zontal configuration which extends across a dianeter of the wafer 108
i n accordance with one enbodi nent of the-present invention. Figure 5B shows
a side view of a wafer cleaning and drying systemwith the proximty heads
in a horizontal configuration which extends across a dianmeter of the wafer

i n accor dance Figutie 3dnshoavsiadidp rveawt ilbfstratieg pheesafiet cleaniag tind dryifg gystem 5Gtis hows
a top viewof a wafer cleaning and.drying systemwth the .proxjmty heads
"n & hor AYBHERIEY Reags i 14eBHIRRS D e&ﬁmdgaﬁ%t&%e RIcSSRt KGR dry ¢ he
wafer that is stationary in accordance with one enbodi nent of the present
i nvention. Fi dugesB ilHéesn sieiuiow elfhe ivalengearing pahdiving ssterg W&fb‘al
system w : ox1.M) j J confi I which is
confi gu\rl\ﬁghn‘t"t([)]nglhggéls ér?gli%?a%r%é’ﬂ ﬁh!érpe %ﬁp‘géfmfe%‘gbﬁplsc psr?%fl ?g{l"%&g&gn accor dance

ith nbodi t ,of th t.i tion, Fi . BE sh i i
of a wafer ol SHRIAHEVAAPGIERE SRR CAEaping Pl Ao RoR b hipclgdcs
ver ti cal pf@fie B39 hefNAB) 8 datRubd ggig?&ﬁ&v Rk Fﬂﬁr ihREchbile WiRbnk S

stationary in accordance wth one enb ment o e present 1nvention.
Fi gur e 5émbodimenbof dictpeesanttieveitda. vi ew of a wafer cl eani ng and dryi ng
systemthat _is shifted 90 degrees fromthe side view show in Figure 5E in

accor dance w FigupnéB shobodiside Vievobf tHew e sleahing Avi@kyiap systSm whighr e 5G
shows a top view of a wafer cleaning and drying systemwi th a proximty
head i n Bhides igHRle Peaiinity headsi fona warticnla shdpes obidie yedferinracgprdanes withe
waf er i i Shedment of the present invention. Figure
5H showsrbnz;3 SI gﬁ\?ﬁgg@)%égm\?\éfa}ﬁér c(agg’ni ng and drying systemwth the

extends across a

imty h [ hor i t fi ti whi ch
adius, of 1 he B b ot o AAED AW ER Ve BBt haRe SSTer B B Aosen

i nvent i giteximigticad G a3demental dInPpufdtion xbl;i‘iéﬂ el n@k hOks Eﬁieﬁﬁétéﬂéﬁﬂxle urghat

may be utilized to clean and dry the wafer in accordance with one
enmbodi mef8 ipRcedtdanseasidnend ewlardiingnt of ieguesensBvshers anot her proximity
head inlet/outlet orientation that naybe

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

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.

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

stationary in accordance with one embodiment of the present invention.

Figure S5F shows an alternate side view of a wafer cleaning and drying system that
is shifted 90 degrees from the side view shown in Figure SE in accordance with one

embodiment of the present invention.



utilized to clean and dry the wafer in accordance with one enbodi nent of
the present invention. Figure 6C shows a further proximty head
inlet/outlet orientation that may be wutilized to clean and dry the wafer
in accordance with one enbodi nent of the present invention. Figure 6D
illustrates a preferable enbodi nent of a wafer drying process that may be
conducted by a proximty head in accordance wth one enbodi nent of the
present invention. Figure 6E shows another wafer drying process using
anot her source inlet/outlet orientation that nmay be conducted by a
proxi mty headigure aGcshodandep wichoDamwafedbaingentd dfinghestpmesiht | nvent i on.
Fi gure 6F sho anpt her source inlet and_outlet orientatigon where z%nQ
addi t | ona'fomgﬁ F&@P B fvfé*tmﬁ@@ copligirption wdnghoextendls pcross agadins shtde waler @ i n
accordan ' ' f . L,nvention. Figure 7A
G&ofddnle ARG qr@'@ﬂﬁa@ggﬁ&h og grzé nﬁ%&g‘i@%ﬁnoh. 9

illustrates a proximty he per rying operation in accordance
re.7B shows

w th one enbodj Q he esent .invention.. Fi . op view of
A bortion of  BETRHHrel Rkl TR sedtan et A SRIEREHN R IE! e
present proxBAfty Badsah@in FheHEtdenigupiIAIWRIcR cRIRHd f0rbys DAL Writhe angl ed
source inlets performng a drying operation in accordance with one

enmbodi newefepin agserdspes with dnnearmodimentrifghe pres@utiihvamsivnat es a proxi mity head
wi th angl ed source inlets and angled source outlets performng a drying
operati on i n BigoorGasbevss proxdmétydiehd dhleemit]aoriehation eoe niay benvdived on.

Figure 8A illusirates side view of the proximty heads for, use,in a dual
waf er s‘ﬂ?%*g %‘V@}W r &h%fcamﬁ‘gws*}lsq!@rﬁmbpcawa%féh% BrSAFRHNYERHNBbodi ment

of the present invention. Figure 8B shows the proximty heads in a dual
waf er surf acdlgMeA1 sitpvesranodhey ipneyinmg Yshaad inlet/qude odigntasioni that maebenbodi nent

of the : Lnvention.. Figure 9A illustrates a processi wi ndow in
accor dansize 1 EHEMA @S e bl By 3exargenF o B fuBRERERT of hebrdicht
invention.
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.

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

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

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.



Figure 9B illustrates a substantially circular processing wi ndow in
accordance with one enbodi nent of the present invention. Figure 9C
illustrates a processing wi ndow in accordance with one enbodi nent of the
present invention. Figure 9D illustrates a processing wi ndow i n accordance
wi th one enbodi nent of the present invention. Figure 1 QA shows an

exenpl ary process wi ndow with the plurghity of source inlets and as well
as the plurality of source outlets in accordance with one enbodi nent of the
present invention. Figure 10B shows processing regions of a proximty head
in accor danCG_F‘I@lIrE'7@ﬂﬂustﬁdf9§§%»f&ﬂhit95€z§d1@itﬁ%ﬁgl@&%oﬁr@yﬁﬂéﬂs%rfoﬁhﬂﬂgrae 11 A
shows a top view of a proximty head with a substantially rectangul ar
shape i ndgdepeptanide in schosiacewib dnmembodimant of thequesent invyeahen.on. Fi gure
11B illustrates a side view of the proximty head in accordance with one
enbodi ment of Fanes Dtillustvaed & proximity hbadwitk ahglef ssinowsnlatsrapdrangicdwouadcet he

proximty head in accordance wi th one enbodinent of the presgﬂt i nventi on.
GPISFt al

Fi gure 19Wlethpsifornipg 8,drving ppa@tan i aqrordansas with onespabadygentof,
circul ariigg in accordance with one enbodi nent of the present invention.
Figure 1 shows a side view of the proximty head with a parti al
rectangul ar apd t.j,al circul.ar. sh in accor,dance with one,e di nent
of t hepr o5 ent B, SAd Bt GaIE Viex SE e R AeAh B 5 Tt RS E R 1y
head W t {yfacl @Ie&hi%? ah@ Qﬁﬁﬂg WakmaRdec Rk HitlFbiLohBedinRaPSS ihe paésesr dance
wi th one enbodi nent of the present invention. Figure 13A shows a
r ect anguingentmmoxi mity head in accordance with one enbodi ment of the
present invention. Figure 13B shows a rear view of the proximty head in
accordance W FiguargB skowe tierprokingty hdads i edeadltwafbyanficorleahingand dr3idg
illustrates a side view of the proximty head in,accqordance with one
embodi meWBeBK InAceFARCS With QDF SHbORIRH O ihepresrdhabvenHart angul ar proximity
head in accordance with one .

Figure 9A illustrates a processing window in 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.

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
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

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.



enbodi nent of the present invention. Figure 14B shows a rear view of the
rectangul ar proximty head in accordance with one enbodi nent of the
present invention. Figure 14C illustrates a side view of the rectangul ar
proximty head in accordance wth one enbodi ment of present invention.

Fi gure 15A shows a proximty head in operation according to one enbodi nent
of the present invention. Figure 15B-1i1{ustrates the proximty head as
described in Figure I5A with IPA input in accordance with one enbodi nent
of the present_invention. Figure 15C shows the proximty head as descri bed
in Figure 15B,Flgm:ﬁ1Wﬁhpwmrﬁapme“wtahﬁpm@asé‘aadmemor%mmwuthmcor dance
with one ﬁ%nga(ﬁdic%&mgf éhe .Ere§ent invention. 12  Figure 15D shows the
proxi mty e B PRECY Y a8 ni scus is shown where the wafer is bei ng
rotated in ag}g.or dance with one,e,rrbgdi ment of the pr es?nt i_nvention. Figure

15E shows t heti8rEx} 4 o anrapieits beywith gingrind seanplarand gl Hevlar ¢ he
waf er i i _ r t.arion. in Figure 15D in
accorda%ggﬁw&%egﬁhggﬁ%}ﬁﬁgﬁ{bggﬁnﬁgf{pll(r%égégr?ﬁpll[ﬁ@fe?n I'on. Figure 15F shows
t he proxi mty.hea re the .| PA fl4 has.been i ncreased.as .conpared. to
the TPa 1 ou FIRTR 3 Slofirs Fie Hewordhn RNty Denb v LRav A e- GRRTAL SR
present pafid Birb:@ar sHap@ih GeckRdniRd QM dheleibodiB¥htdS the flBaRtiiRG#ionl Ng system
in accordance with one enbodinment of the present invention.. Figure 16B

ho an altag i i (aTeTRTe I Yy : I r ith
znewgnbodi rregjtrlé‘%?l?ﬁjewg%sagéﬁ&i@ﬁ%vgh??%ﬁ 8}‘ﬁlg{gl r%gﬁﬁﬁ ?gg@g?%g&lgq %T%g(ri "

pr ocess pagiab ystudan shiaph id aantdaand whthaime eatwdithént ofithdpregerdrigvergionndul e i n
accordance with one enbodi mrent of the present invention. Figure 18 shows a
waf er proces$igige 333! showah @Brah@ad amnprokiniiehowafl 1A facOsrda@seSWilB onk 001 S i N
accordance with one enbodi nent of the present invention. Figure 19 shows a
waf er pegbedisiang of herprasemt iysntior-he et ching nodule in accordance with one
enbodi ment of the present invention. Figure 20 illustrates a wafer

processi ng sYysgurenl dBisbhwis notudasw af treyproginmbylitad in accordance 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.

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

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.

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

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



and a cl eaning nodul e in accordance with one enbodi mrent of the present

i nvention. Figure 21 shows a bl ock di agram of a wafer processing systemin
accordance with one enbodi nent of the present invention. Figure 22A
illustrates a proximty head beginning a wafer processing operation where
the wafer is scanned vertically in accordance with one enbodi nent of the
present invention. Figure 22B illustrates a wafer processing continuing
fromFigure 16A where the proximty head has started scanning the wafer in
accordance with one enbodi nent of the present invention. 13- Figure 22C
shows a conti Rigure dbFDchows efpesxiprydead wigrotherfhtid orenfiscomistihgwneviéB tha
accordance_wi.th one enbodi nent of the present invention. Figure 22D

i |1 ust r atagr e%*ée%f%?fg&lbwggtaﬂ@e WHEoRE EBIPOdHRE PRSSTHIHTGEE 1 6C i n
accordance wi th one enbodi nent of the&(gr esent invention. Figure 22E shows

the wafer proFiss hiF dersthe orpxawity beadwhereothe fluidimenises isphowacwhaa e

w th one_epbodi nent of .t.h resent .inavention. Eigur j Vi ew
of the oFEr Mgl e BABIRS tup i o Bpin IR o1 B R oyl i)
posi ti ongabBRht NthaprREsiancRuwht h one enmbodi nent of the present
invention. Figure 22G illustrates a side view of the proximty heads during

processi ng of el iRy Rkl pUBY ShelcEFERTHRNGE WichfindeSeAiOd Tent

of the present "I nventi on. ur ows a wafer processing system where
t he waf afonipmrdibiodhs 1124 iflosesiiFipure 1aEcir ataocianeé tithame cerbaclimoetndf tbé t he
present invention. Figure 23B shows a wafer processing system where the
proxi ni tRFesasHvEa-er may be held in place or noved in accordance with

one enbodi nent of the present invention. Figure 23C shows a wafer
processi ng sySgein Mdeshovsretopvos af e gldsaing/dxingrystegbimaccardaaes withgmet he
waf er in_gccordan w.th one enbodi nent of the present invention. Figure
23D shoxﬁé“%é’%b%‘?‘@r&??%%"é%%“?Hb"“"é@%’?'em where the proximty head noves
vertically a i one enbodi nent ., of the

t he fer rotates .in accordance with
oresent | nvaieng SEFHG s aR SRETSHYRA R Bl B TRy e NAO S8R | 2
for ver 4gpbncSGRREUIRSnOSf tBe present invention.

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.

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

tools in accordance with one embodument 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

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

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.



waf er in accordance with one enbodi nent of the present invention. 4 Figure
24B shows a side view of the proximty head in accordance with one

enbodi ment of the present invention. Figure 24C shows an isonetric view of
the proximty head in accordance with one enbodinment of the present
invention. Figure 25A shows a nulti-process wi ndow proximty head in
accordance with one enbodi nent of the present invention. -14- Figure 25B
shows a nulti-process wi ndow proximty head with three process w ndows in
accordance with one enbodi nent of the present invention. DETAILED

DESCRI PTI ON OFFiffine 2PRERERRERoENVRGDIdMENTESY Afer processingopdratiomErbmokigumnid B
appar atuses for cleaning and/or drying a wafer is disclosed. In the

fol | owi nd™ aeoedanse ivdth ong raphodientf dhe preseritiaY¢éiolly e set forth in order to
provide a thorough understanding of the present invention. It will be
under st ood, Higwe@2D iBystmies the wafel praesssisigi dperdtiontdestinged fromdigugel 66 Bsent
i nvention_m

b ticed .wth |l of th ific details.
| ot her e B e gt dbe BEERTvaidams have not been descr bed

in detail in qgrder not to unnecessarily obscure the, g‘%grsen%. i nvg&bi_on.
Wil e this i nyéstr SAERRRWH BV esBrocaisi g pParaliorsctinges) Bog) FHMEs evl’ &gy

enbodi neﬁﬁc%rdzﬂce%m or@eenmﬁrﬁgﬁtaéfﬂﬂe E%%gtig?%gioim Iled in the art upon

readi ng the preceding specification ying the drawi ngs wl |

realize vario al tions,..additionps, er.nuf at.i ons_.a iLval ;

thereof . Tt i EeRepgk SRRty phlRe naREHMLASs SiudRey S AL RRe
such al t gf &k iveftfoallfPdiitibRdibwaRe I R L8 wiB\eheesiboBRAt 6f e prédeht W t hi n
the true spirit and scope of the invention. Figures 2A through 2D bel ow

i || ust r attwerlidbdi nents of an exenplary wafer processing system |t should
be appreciated that the systemis exenplary, and that any other suitable
type of confi Figuat 220 ilisatatesaudide erabd Bhopyredeity hehdt deing pracessing dledidd s)
into close_ proximty tq the wafer pay be utilized.. In the enbodi ments
shown, tHEfecHt %ﬁ&wm%rﬁgam%ﬁmw%%e PO RE HRIRT SN YGHOR. cent er
portion of the wafer to the edge of the wafer. It should be appreciated

t hat ot her enb@draeht ghqmsya yafermrpsessimasyaiem where the wafer is held stationary in

accordance with one embodiment of the present invention.

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

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

Figure 23C shows a waler 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

invention.

Figure 24 A 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 onc

embodiment of the present invention.

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.



the proximty head(s) nove in a linear fashion fromone edge of the wafer
to another dianetrically opposite edge of the wafer, or other non-Ilinear
nmoverments may be utilized such as, for exanple, in a radial notion, in a
spiral motion, in a zig-zag rmtion, etc. In addition, in one enbodi nent,
the wafer may be rotated and the proximty head noved in a |I|inear fashion
so the proximty head nmay process all -portions of the wafer. It should al so
be understood that other enbodinents may be utilized where the wafer is not
rotated but the proximty head is configured to nove over the wafer in a
fashi on that &gt 258 sbmwsesmiltig:rocﬁesawimhm pioahsitmhe@m'e"iﬂva{hme.pwws&ddi tion,
the proximty head and the wafer 5 cle and dr system descri bed
herein nﬁ@n%’é"ﬁ}f‘lm #ncegvith ensemh et g t)}/‘e Rt my "ze of substrates
such as for exanple, 200 nm wafers, 300 mm waf ers, flat panels, etc. The
waf er cl eani ng DRTADCED DESYRIFIIONMOFIENE RREFERREN EABABIMENEDHt h
cleaning and drying the wafer depending on the configuration of the
system Fi gur @, afv SRS oAmMMRIRE afl %@;ﬁﬁ:@ﬁsm‘af gcXhing aﬁm@@r@@@ wdfer is
accordance with one enbodi nent of resent invention he system 100

i ncl udesdisdbbes: slnmaﬁ)nommdemguon,mmm@em‘gc dﬂbalus a;n@etrf@rfatl@ ogdofidd er to

enabl e wafer, surface r| e The s 10 des proximty
heads 10%"8"5%‘?(3‘&‘ gﬁﬁagersfaﬁ é]i‘ﬁ)B?ﬁS ﬁrgvengpg gtt iﬁ% ‘?e(fgtogér upper arm
104a an e A el BlaY thetesdtP RVenBOMMA A ragtidede

| ower a&rﬁﬁ%@ﬁ reegf%‘h%%%}?g’g.ﬁ‘m ty headeﬂc}gsr rier egssenbl y 1%3 whi ch

enabl es wﬂhﬂnﬁtsanieioala[l;pflthcseapemﬁvdmds bf othheingtapséspisel] kreadspmoéw and 106b
along a radiyus of the wafer. e enbodi rrent t he proxi.mt carrier
assenbl yOPRAHINS w‘rtdmﬂe&ef%l rlaﬂe&aﬁéﬂﬁr Fy‘ﬂﬁ@%ﬁ%gr]a ‘%588% fhe wafer
and the_Fﬁg,%kmv{eMu&pad 106b bel ow t he waf er |n close proximty to the

waf er . I's may be acconplished by having the upper arm 104a and the | ower
arm 104b be n?ﬂﬁ\]?l h M.y heads are
noved hori zonta )}I%ISI!I g%t%fié%%?? %gﬂg%daﬁﬁ%ﬁﬂggféégggag sé(f;eng, the proximty
heads 1Q@meboidentd G61¥i1¢ BB appresiavaithyethbb€skillyd trotha apogidn mradmg th¢ pcecding
proximty to the waf er. The upper_ ann_ 104a and the | ower §J104b may be
conf i gurBecifisationy aadistusying %W%ngﬁé’%F‘éﬁlizﬁl"ﬁ?"“%%‘éﬁﬁmi’@%& H91%:06b can be
moved t ,gﬂ@[ i fhlc predt il eRo

appr eci g)t gﬁ@&ka& CF&EUQsa?%%%S&n@? %gﬁg%ﬁ%?gﬁ?g& |tnatan1y psfur tablg rrannner as

| ong as ilidlad@radiduch biteaadas Jaddhionb epdmuedidng, aldospiypalcxts ms f3il pothiththewaf er

to generate
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)
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
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

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



and control a neniscus as discussed below in reference to Figures 6D
through 8B. It should also be understood that close proximty may be any
suitabl e distance fromthe wafer as long as a neniscus as discussed in
further reference to Figure 6D through 8B nmay be naintained. In one

enbodi nent, the proximty heads 106a and 106b (as well as any other

proxi mty head descri bed herein) nmay eadth be noved to between about 0.1 mm
to about 10 mn fromthe wafer to initiate wafer processing operations. In
a preferable enbodinent, the proximty heads 106a and 106b (as wel| as any
ot her prdsaning nddaing sysser dasedberbhasein) manhe valizedse clasnaadidsy pex shapd about

0.5 mi ta aho w2 . mmfrom.the -16- fer tg.initlate fer, processi ng
operati (')arlllg,Slzaeno:jI Sflﬁmrf%?sesu F‘gf gtpraﬁg,aglpi%@ i%rﬁ&cﬁshg&d y%rﬁﬂ# at 25’106a
and 106ket¢ ashahier dfcading DHRYInBLPtbmthyy heagAager LHaegd o Dol ddanifBandde
moved to about 2 nun fromthe wafer to initiate wafer processing

oper at i shyinghgwaker Appakipvsomthcalondegnetion wif dw ybtetrthe waf er cl eani ng and
drying system 100 in accordance with one enbodi ment of present invention.
The syst em 1guier? fosteweahattrebnhinghas! dipiggpysemniGOyinheackdaaderwith o@ssenbl y

104 that is configured to enabl.e the proximty heads 106a and 106b to be
moved f eBHCAHBE O the prgsent prvepbipar Thewxsterd 0Rdndades roders; k{2 anHj2by and

shoul d t @Cl t hat im iar I y be
ovabl ¢ P2 AAhBl B A roldifa Bald T chihiP S AHRLE o RRRRIE MR OF)

heads 1Q6@ alsariaclidsiprogintiteheadandbandn gt hat abae embodanddtedte altiched &
enbodi nent, the proximty head carrier assenbly 104 can be notorized to
move t h@h PR asny \P4aesd 1@ adaweaiarmy beth resprativelye Iherpper arm dfda s ®e to the

Cr0E o h LIS 100 o 008 GRS LAt LOBRAAL DPUAR Bt o

cl eani ng an rying s own W roximty heads 106a and
106b, hitatansialy Huédrahbecnentde thaopropiraiy Kedds 10Gadad maghb bbngtd dadinedf gduch as,
for exanple, 1, 2, 3, 4, 5 6, etc. The proximty heads 106a and/or 106b
of the W&f%r cleaning and drying system 100 may al so be any suitable size
or shape as shown by, for exanple, any of the proxinmty heads as descri bed
herein. The b ¢dcerabediownt thguraxinifshesseariitradsdrablyi L4 igenrfigired & Haldi d

i : i m h h fer. id '
o rrov e HBED oAt 18624V e S5 AR b goMBGiead b el MRS fRG 15
t he wafdbse srokingiCetodhe wEB0 VITY nidyed dddbaplibhrmy sy tHeagper IRe1f0re, the

proximty heads 106a and 106b can have any nunerous types of
conf i glatgtthe leversrahididh hrenerabloin avhdical BORRITHAraaCE HRGPIKHTItE hgdslsare he

pr Ocessxﬁ8v&el§c9r{£09&%ng{oeé E)'caéign ohﬁgrltqyaafjers ;())roggssﬁpgr,) {heccpi’r%gcﬁgity 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
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
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 fo
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

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



that the system 100 may cl ean and dry one surface of the wafer or both the
top surface and the bottom surface of the wafer. In addition, besides

cl eaning or drying both the top and bottom surfaces and of the wafer, the
system 100 may al so be configured to clean one side of the wafer and dry
anot her side of the wafer if desired by inputting and outputting different
types of fluids. It should be apprecr#ted that the system 100 may utilize
the application of different chemicals top and bottomin the proximty
heads 106a. and. 106b respectively depending, on the_operation desired. The
proxi m tAKE igutale waker progesting Bperedons, é%ﬂgwmafllfaff‘oﬁr? ferable gbediment, theige of

t he waf Gﬁyw / tom of
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different typs 2@@%@%&%@%&@%%&& dibdnisd Rl @ik e RdPRe- up
view of the wafer cleaning and drying system 100 holding a wafer 108 in
accor dageeordinde witle ongrpoliodisrent of prehent pnembing. | Thvemtq:mrlOO Mhmewaf er 108 nmay

be held a rola t he rol s 102a, 1 d 1020 bl e
ori ent at fng)ﬁdgge‘} ﬁa@ tggpf%mgﬁhgﬁé SAFighass 8%@50&% F@%‘? Fﬁ#’?/ﬂ ad to
be in chas@mitdRYisN 664 4@ DB bb %@H i B ker %@ﬁlet @ﬁfcr towdr@s BR dakeaned
or dried. In one enbodinment, the roller 102b may be rotated by using a

spi ndl eofi the wafar] ¥ should beepprroieechtiyt thelpdoxinty head atreidr bgsembllsolﬂ)fbmaalbm 109.

The roller 2a o ber it.s own Fi gure
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cl ockw g@i gi6tEE!d10h 4/ srUrd s Wheer \é@ﬁesﬁreaoﬁ;n bfe @mgeéﬁmf%& GhOpEWMiSRy head
direction. It should be wunderstood that the rollers may be rotated in

ei t her eardFvaseanbly UM candwunverickd skwiove thmmeumtpheademmdmdg%h frane waf er

t at d | nb yaf
0%, B SE5 B B0 SEBHEL b o o B upu BB S L
has notwb&ealeamg%aeﬁylh@tssist&m% iR SR the H}ﬁaﬂ&%b@ Idéahﬁﬁ%sis%a and

106b. However, the rotation itself does not dry the wafer or nove fiuid on
the waftbat anyrsuiteble numaof srqmﬁedgedx)may be uihditet suchher &)fr@mppien 1ah 3

| t th | ted
o T he Pt by TrRBE A el TG o B gR b PR RS iR oG o of the
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The drying or cleaning %eratl on itself is conducted by at Ieast one of the
pr oxi mibE ximity heads as dCSCI’l ed herein. The different configurations described herein

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
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.

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

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



heads. Consequently, in one enbodinent, 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 novenment as a drying operation progresses. In a preferable

enbodi ment, the dry are of the wafer 108 would nove around the wafer 108
and the wafer 108 would be dry in one rotation (if the length of the
proxi mty heads 106a and 106b are at l.east a radius of the wafer 108) By
changing the configuration of the system 100 and the orientation of and
novenent of the proximty head 106a and/or the proximty head 106b, the

dryi ng medgaefithe efertia addisiog el cleming and'onagaigethe gy dnd/amyottor o leewafgpe  of
drying path. -18- It should be understoqd that the proximty h%ech 106a and
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that has not been processed into close proximity to the proximity heads 106a and 106b.
However, the rotation itself does not dry the wafer or move fluid on the wafer surfaces

- towards the edge of the wafer. Therefore, in an exemplary drying operation, the wet arcas
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 4 spiral movement as a drying
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

accommodate nearly any suitable type of drying path.



vacuumoutlet, and the DIWinlet, in an additional enbodinent, there may be
additional sets of WA vapor outlets, DIWinlets and/or vacuumoutlets
depending on the configuration of the proximty head desired. Therefore,
anot her enbodi nent may utilize an |PA-vacuum DI WDl Wvacuum | PA or ot her
exenpl ary enbodi rents with an I PA source inlet, vacuum source outlet, and
DI Wsource inlet configurations are ded&ribed herein with a preferable
enbodi ment being described in reference to Figure 6D. It should be

appreci ated that the exact confi gur atiqgn_of the | PA-vacuum DIWorientation

may be vari ed! depkhbs Hylestioadbabihs Preamiyheatp} Otaandol 40b mayby

bet ween i . i t. cat:l Il SO
the. di ot Syaat/#eBPMle of AR BFc Ak B b RO B0 PR TBINGIES, °°, |
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differ in magnitude dependi n(g on the size, shape, and configuration of the
proxi m t ploebak{ Ak vaper form @lgikneungis JRAGnlen), padatdsast anggewrcaoulescr i bed

in furth i1 in ref e . Figure , iti i sed in
refer encg&tlﬁ |C§Eﬁ) roed tﬂl‘ﬁ ,fﬁlt‘(%reﬁ&%lgﬁ{{cglé)g u%%ﬁ%%ﬁag%’?g@iaoélﬁﬂ%u@gﬁ%xg u#gd SO a
vacuum r beidby sipbah@niduakd falsUinonkgsy aduuill dMk e gioshoaldibé hpprebiAtddabatahe

substantial ly surrounds at |east the trailing edge region of the vacuum

regi on. Fayupeutiized hevein amyakrorbesivgeon | bisasddifion, oBier &fpesiod spliftions s1aydi§i ng

and dryi | n_accprdance wth, one enbodi ent .of the .present
vent | obu e BB Sl ASRR AR SR R RRIS TR, Bt have been
posi t i oneldaning S4108EnsPaXKioHId, YIF, et At biRfuiS YE hppiRcih@iahansl o patiPanvper {sace
108b of the wafer 108 respectively by wutilization of the proxim té head
carri er @sdanpee ebthe expmplary embpdimends, rhp iher e ¢frvarphinay beettidiged oo and

106b may L.z I nd_DIWsgurce inlets and a vacuym, S
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108 whimbciiewithpaldre of renoving fluids froma top surface 108a and a
bottom surface 108b. The wafer processing neni scus may be generated in

accordance W bk REHIBRHEAPEHOR ?eaisﬁ%lnc_r 1BIST 16 Sk Ois %h}&é%ﬁﬁto%% Bf RUSHRB

where | PA vapor and DiWare inputted into the region etween the wafer 108
and t he yscoxnmutist wlsigbiss ih08m adjaccbd 6bthe At lswwbatednIWahlep to flens amdPAt i ne t he

| PA d DIWi i tt b | i i I ) imty. to th
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in the exenplary ) o
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
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 maaner 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 [PA vapor outlets, DIW inlets and/or vacuum outlets depending on the
configuration of the proximity head desired. Therefore, another embodiment may utilize
an [PA-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 Figure 6D. It should
be appreciated that the exact configuration of the IPA-vacuum-DIW orientation may be
varied depending on the application. For example, the distance between the [PA input,

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



enbodi ment, any other suitable type of vapor may be utilized such as for
exanpl e, nitrogen, any suitable al cohol vapor, organic conpounds, hexanol,
ethyl glycol, etc. that nay be mscible with water. The portion of the DIW
that is in the region between the proximty head and the wafer is the

meni scus. It should be appreciated that as used herein, the term "output”
can refer to the renoval of fluid from% regi on between the wafer 108 and
a particular proximty head, and the term"input" can be the introduction

of fluid to the region between the wafer 108 and the_particular proximty
head. | nditgeercire nconpisery lamddigionethe distancep betwyaenitie Hehdpuioasuumdandeb

may be .0.a er. sq all,parts..of the wafefr 108 ar e dried,
or both T oibfla BERE i #e Rl Rab Rk ot IR Bhodhdnd SelieBBiRRen s Che
proxi m t yhehp@eimiBitica@ 065 salMihe Xediddi sifdyf DprocodiWidbRhstdesemied i@ fiRN@nent

of the either one or both of the proximty heads 106a and 106b to cl ose
proxi m t getatl prejerengettafigure d8i dmadditiomes ssedl08 referenen éo Feawso &9, that | of

t he proxj4uty. hea re smaller in |length than a r.adius of.the wafer, the
ot oxt m + I REIMEB Rl g Febbrusthsh & viifin P i VRt R
center tpIWhegiedaad el IMAR1G RbsthBBalB) surfoBdY 8f Rast the trdiliigQIdeE #&Yién of
enbodi nent , en the proximty heads are larger in length than a radius of

t he waf efhe vedyanpregxdri ty heads 106a and 106b nay be noved over the entire
surface of the wafer in one rotation. In another enbodinment, the proximty
heads 104a anfigi4D siywdbamatienfsidpulest-dpviewws tha wafén deming ashdgingack and
forth across the wafer, 108 so all Bar_ts of the wafer surfaces_ 108a and/or

L08b meySYBE™ YJaaseerdanqenvih prgergpadimeshpbiericnt Byinfiglr Bt ohs as
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Consequent |y, countles erent configurations "o syste

uti | i zedoianopsuércetl@8abhdinboaamoiiiatd 1@84 ofthe fwdflael OafespectivebciBssi ng
operation,. Figure 3A shows a top viewillustrating the wafer c]eaning and
dryi ng Sidizaifmeighe predmeydeadrakicnpisyrhbatiy: | Huee toihepRYIRHe one

enbodi Mty g1 ' | Qi ifiog ofl drel £YLN6R T O

Fi gures ZA{“t oty2D, tL@ﬁd&gefrdagﬁﬁn%llgggcgg?/ﬁgg%gnfl glﬁre g?%re{r%o%lg and hol d the
pr oxi m tsyusdee adtld() do genaatposiftd mncdssingl madsqusexinnddmyacweth teheafeni@d 108.
The upper,.grm 104, may al so be configured to nmove the proximty he 106a
froma cBi ?f@ﬁﬁ&f’?ﬁ%ﬂ? Bmeviee Haidsdroppa enikfass ke 28dged o rertigdriopbr 0

?hes \l;lgfs tergeyggérwoéésaﬁgrm&ﬁ&m Ay b entRRGEAURRLIdinct it GERQDHTRNtn  as
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
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
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

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



noves as shown by rotation 112, the proximty head 106a is capabl e of
renoving a fluid filmfromthe top surface 108a of the wafer 108 using a
process described in further detail in reference to Figures 6 through S.
Therefore, the proximty head 106a may dry the wafer 108 in a
substantially spiral path over the wafer 108. |In another enbodi nent as
shown in reference to Figure 3B, thereochay be a second proximty head

| ocated bel ow the wafer 108 to renove a fluid filmfromthe bottom surface
108b of the wafer 108. Figure 3B illustrates a side view of the wafer
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surfaces 108a and 108b by the arnms 104a and 104b_respecti veld%( Once the
pr oxi mi txymﬁ@h@éﬁrmﬁltuﬁ du‘fmféh%‘v@ff‘é&'@;ﬁﬂe rqtaen. chipwthgr srabadimenty then e

waf er K\%%f I Etg B t he
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appl yi ngfohﬂ:%prdi@ﬂ(ﬁﬂvﬁ&d 1085 bl pads vhhe waftosurieed dPRsad/acE0&ngay be bottom
surface of the wafer 108 as described_ in reference to F| gure 6. In one

gnbodl mefocesped. g e anafhersmabqdimenyt, renfisraliss anstiscrsssl belpw ingelermcs i nay
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the 2or bl s aas SR, TSRORfRp LARALASHACHRR o Rldie

| engt h, dﬂtae@yswmngomnr@befmﬂxzadmbﬁlrertmqbtbﬁ drﬂqalmhanoﬂafﬂmmﬁs It should
be understood that drying or cleaning time may be decreased by increasing
the spedWOSFSSHIROPH2HAR proximity heads 106a and 106b travels fromthe
center of the wafer 108 to the edge of the wafer 108. In_another

enbodi nent, tHeugsridxEiawsa ma*dgwwwraam thowaformeaping end dedeg sistan 409 ast er

e PRt G RGP} e AR i

proxi m tas dadisod Mo i fordabe HNighes 2dj 1651B0thk Mpper arm 104a 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
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
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

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



conjunction to obtain an optimal drying/cleaning speed. In one enbodi nent,
the proximty heads 106a and 106b nay nove linearly froma center region
of the wafer 108 to the edge of the wafer 108 at between about O nun per
second to about 50 nmm per second. Figure 4A shows a top view of a wafer
cl eaning and drying system 100-1 which includes nmultiple proximty heads
for a particular surface of the wafer -208 in accordance wth one

enbodi ment of the present invention. In this enbodi nent, the system 100-1
i ncl udes an upper arm 104a-1 and an upper arm 104a-2. As shown in Figure
4B, the adyptwhctOlilt wifenlMhynd the puaianiigviead 406b taprbld obprocessingra kattam

104b- 2 t to -22- imt 1eads 106hb- d - ti ly. |
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in conjunction sO, by having two proximty heads processing a particular
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this enii\gldé ng& ma%% lﬁé/ssthméggéo%lds. It should be understood that drying or cleaning

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
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

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

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



i ncludes both the proximty heads 106a-1 and 106a-2 that are capabl e of
processing the top surface 108a of the wafer 108, and proximty heads
106b-1 and 106b-2 capabl e of processing the bottom surface 108b of the
wafer 108. As in the system 100, the spindles 11 la and 11 Ib along with a
roller arm109 nmay rotate the rollers 102a, 102b, and 102c respectively.
This rotation of the rollers 102a, 10282-and 102c nay rotate the wafer 108
so substantially all surfaces of the wafer 108 may brought in close
proximty to the proximty heads 106a-1, 106a-2, 106b-1, and 106b-2 for
waf er pr BEXEWity geastsck0sbi lornsd 106h-2 prspeatively: Iaabfhsmcm ﬂ@01dr, dmpmmnemgs

106a-1, 1 t h f.
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proximty head 106a-3 may be noved into a cleaning/drying position by a

vertical wovarenluel chBSARE e A RS ud P oRE F0bIM fisag 10623 can

be in a position that is Cl os ce the
pr oxi m fpyodessiny #@6eafdr i 88 hmd aﬂﬂstﬁej@h% ﬂflibtzgﬁ 1Wa¥ hemakeenttd Bagidhef thaf er

processig‘gg operation of a top surface of the wafer 108 can take pl ace.
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W th theg &{%ﬂh@v&éﬂ‘ﬁ?@% r??rg QuEgt i on
whi ch ext einds acr osg a i a tgr§ o ﬁ%gﬁ ?Slhgfggﬂ%h%g%@ggo%ggﬂ%\n t one
enbodi nericessfing tvac pngsiendedreasedsigaificadntly by using multiple proximity heads to

process a particular wafer surface.

Figure 4B shows a side view of the wafer cleaning and drying system 100-1 which
1ncludes 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
111a and 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

remove fluids from the wafer 108 by applying IPA, deionized water and vacuum to the top



this enbodinent, the proximty 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
106a-3 and 106b-3 are brought to close proximty of the wafer surfaces
108a and 108b by the top arm 104a and a bottom arm 106b-3 respectively.
Because the proximty heads 106a-3 and,106b-3 extend across the wafer 108,
only half of a full rotation nmay 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 progi, @EQ@ﬁo&&ﬁ%ﬁ?&%ﬁeQ{aﬁéw@a@sm Fontaimplenh FgEati on whi ch
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position with the wafer 108 also in a horizontal position. By use of the
proxi ni tsp theprximity head 106a-3 can be in a position that is in close proximity to the water

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
proximity heads 106a-3 and 106b-3 in a horizontal configuration which extends acress 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 cmbodiment, while the
wafer 108 is being rotated, the proximity heads 106a-3 and 106b-3 are brought to close
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 SC 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

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



106a-3 and the proximty head 106b-3 that spans at |east the dianeter of
the wafer 108, the wafer 108 may be cl eaned and/or dried in one pass by
novi ng proximty heads 106a-3 and 106b-3 in the direction 121 as di scussed
in reference to Figure SC. Figure SE 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 clean4sand/or dry the wafer 108 that is
stationary in accordance with one enbodi nent of the present invention. In
this enbodi nent, the proximty heads 106a-3 and 106b-3 are in a vertical
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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
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.

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



this enbodi nent, the proximty head 106a-4 nmay be noved into a

cl eaning/drying position by a vertical novenent 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. Once the proximty head 106a-4 is in close proximty to
the wafer 108, the wafer processing operation of a top surface of the

waf er 108 can take place. Because, in_gne enbodinent, the proximty head
106a-4 extends over the radius of the wafer, the wafer may be cl eaned
and/or dried in one rotation. Figure 5H shows a side view of a wafer
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equi prenho®@ ilFHigkirplsE. Waf ers and/ or rrul tiple types of wafer processing may
be conducted in one system Figure 6A shows a proximty head inlet/outlet
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accordance with one enbodi ment of the present  invention. In one
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a source outlet 304 |n bet ween t he source inlet
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
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 is in
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 SH 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

radius of the wafer 108 in accordance with one embodiment of the present invention. In



306 and the source outlet 302. Figure 6B shows another proximty head
inlet/outlet orientation 119 that naybe wutilized to clean and dry the

waf er 108 in accordance with one enbodi nent of the present invention. In
one enbodi nent, the orientation 119 is a portion of a proximty head 106a
where other source inlets 302 and 306 in addition to other source outlets
304 may be wutilized in addition to thegorientation 119 shown. The '
orientation 119 nmay include a source outlet 304 on a | eading edge 109 with
a source inlet 302 in between the source outlet 304 and the source inlet
306. _27this éinhodimefiC thhprosimity heddEY6apt aud thetproXiaaed, hisadeiobbus beth are
orientation 1éﬁtthat may be utilized to clean and dry the wafer 108 in
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surface 108a_being dried, it should be appreciated that the wafer drying
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which is in turn adjacent to at I'east one of the source inlet "306. The |PA
may be Mifermyoenssinaimay Heoromdueteth irmone fysterexanpl e, | PA vapor where | PA in

vapor form is inputted through use of a N2 gas. Mireover, although DIWis
utilized her &igure @Ayshotserproximity head inlet/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
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
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.



suitable fluid may be utilized that may enabl e or enhance the wafer
processi ng such as, for exanple, water purified in other ways, cleaning
fluids, etc. In one enbodinent, an IPA inflow 310 is provided through the
source inlet 302, a vacuum 312 may be applied through the source outl et
304 and DIWinflow 314 nmay be provided through the source inlet 306.
Therefore, an enbodi nent of the |IPA-vacaum DI Worientation as descri bed
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
waf er surf ace Figure b€ shPws iarflutther (3a.0mity Isad onlet/oftlatiodieptatiosiiZd thatyndyde
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interfaces 118. Therefore, the neniscus 116 is a constant flow of fluid
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that may located on or near the top surface 108a. It should be appreciated that any suitable
. 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
the source outlet 304 which is in turn adjacent to at least one of the source inlet 306. 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
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

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



regi on between the proximty head and the wafer surface and into the source
outlets 304 through which the fluids may be outputted fromthe proximty
head. Therefore, as the IPA and the DIWis pulled into the source outlets
304, the boundary making up the IPAD W 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 enbedgnent, as the vacuum fromthe
source outlet 304 pulls the DIW |PA and the fluid on the wafer surface,
the flowinto the source outlet 304 is discontinuous. This flow
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a 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
(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
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

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



preferable enbodiment, the flowrate for a vacuum though the set of the
source outlets 304 is about 350 SCFH. In an exenplary enbodi nent, a flow
meter may be utilized to neasure the flowrate of the IPA, DIW and the
vacuum Figure 6E shows anot her wafer drying process using another source
inlet/outlet orientation that nmay be conducted by a proximty head 106a in
accordance with one enbodi nent of the2present invention. In this

enbodi ment, the proximty head 106a nay be noved over the top surface 108a
of the wafer 108 so the neniscus may be noved along the wafer surface
108a. Theasrebpsseqyerdhphs te prdiingtyttwad 86 aafores, shy matiscwsndoyeraloes with the

-30- fromthe.wafer surface.thereby cleaning and drying. the wafer
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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 I standard cubic feet per hour (SCFH) to about 100 SCFH. In
a preferable 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

measure the flow rate of the [PA, 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

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



source inlet 306 while a different solution such as, for exanple, a

cl eaning solution may be inputted through the source inlet 307. Therefore,
a cleaning solution flow 315 nmaybe utilized to enhance cleaning of the

waf er 108 while at substantially the sanme tine drying the top surface 108a
of the wafer 108. Figure 7A illustrates a proximty head 106 perform ng a
drying operation in accordance wth oi#-enbodi nent of the present
invention. The proximty head 106, in one enbodi nent, noves while in close
proximty to the top surface 108a of the wafer 108 to conduct a cl eaning
and/ or driiamhopdieasurie thaerdeindngendymedhe vedertsimultateouglyosti this y - 31-
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the source outlets 304 have circular openings. Figure ustrates a
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optimze the wafer cleaning and/or drying process. |In one enbodi nent, the
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angl ed toward the source inlets 306 such that the
Figure 6F shows 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
Figure 6F is the orientation described in further detail in reference to Figure 61 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 1nfet 306 while a different solution such as, for example, a cleaning solution may be
mputted through the source inlet 307. Therefore, a cleaning solution flow 315 may be
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

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



| PA vapor flowis directed to contain the neniscus 116. Figure 7D
illustrates a proximty head 106 with angled source inlets 302" and angled
source outlets 304" performng a drying operation in accordance with one
enbodi nent 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-why to optim ze the wafer cleaning
and/ or drying process. In one enbodi nent, the angled source inlets 302

t hat input | PA vapor onto the wafer 108 is angled at an angle 0500 toward
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vacuum 312. It shoul d be appreciate at any Suitable
Figure 7C illustrates a proximity head 106 with angled source inlets 302

performing a drying operation in accordance with one embodiment of the present
mvention. It should be appreciated that the source inlets 302' and 306 and the source
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 mentscus 116.

Figure 7D illustrates a proxirmity head 106 with angled source inlets 302" and
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.

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

wafer 108 1s angled at an angle 0599 toward the source inlets 306 such that the IPA vapor



configuration of source inlets 302, source outlets 304 and source inlets
306 may be wutilized. For exanple, the proximty heads 106 and 106b nay
have a configuration of source inlets and source outlets like the
configuration 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 r-ekerence to Figures 9 through 15. Any
suitable surface comng into contact with the nmeniscus 116 may be dried by
the nmovenent  of the neniscus 116 into and away fromthe surface. -33-
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present invention. In this embodiment, 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
meniscus 116 infact. 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
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.



plurality of source outlets 304. The processing w ndow 538-2 is a region on
the proximty head 106 (or any other proximty head referenced herein)
that may generate and control the neniscus 116. Therefore, the processing
wi ndow 538-2 may 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

enbodi nent, the processing wi ndow 538-23is a substantially circular shape.
Figure 9C illustrates a processing wi ndow 538-3 in accordance with one
enbodi nent of the present invention. In one enbodi nent, the processing
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her ei n) tr{‘@:is RV BRRRY #t r@ﬂﬂn%ﬂfgaHQwa?@cé@éy thE top élléﬁice ﬁbsbﬁﬁféfv@afei he

processi ng W ndow 538- 3 be a region that dries and/or cleans a wafer if
t he proxi @B ,tayd itegetok DGty headels&éb @docteosdsehmbe(domrsurfhm ofk(tibeof. the wabmd 08.

mbodi th d 8-3 [ .
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w ndow 538-4 may 1 nclude a plura -of source 1nlets 302 and 306 and al so
a pl ur al batyeaf ths(pmnmlmhdaétlﬁé aididthe v'ﬂalﬁr pOD ard betvgenitncprxi8By head 186k egi on

on the proxim d 106 (ar .any other mty he d reference erein)
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proximty eS| re used .1 n that manner. I n one enbodi nent,
the prozedsidagdw ndow 538-4 |s a substantially square shape. Figure | OA
shows an exenpl ary process wi ndow 538-1 wth the plurality of source

inlets 302 anEgeR® Adivsthles aprédessing Winldw536f1 fodvcorlanud Wthsonz04 in
accordance with one enbodi nent of the present invention. In one

enbodi mmbodem@tmféh@s@swtmwusaehlomembgémﬁﬁtdheW%‘én&me@w §38-1
directi YW éﬁ&uﬁgr ﬁﬁ&raﬁtg‘é@j §urcgl‘il 16\9;9302f d ?d‘cf‘:HPdn %Q f%gﬁé' ofcjsro}ﬂ'crégbutlets

oper ati on. A such an I rren a proxim encounter fl uids

on a waber Thepraession wandeadisng ledgegxbﬁginoarpéﬂﬁmtgr head e@@(mgng@gmrr egi on
548 is an area of the proximty head 106 that, in a drying process,
encount SFXiFtyihgad referppceddaroiay) that ynay aansrate aed cayid theBicgipcss61¢-s an -area

of the REGKITl heNEAs IR0 iRy 8389URLEES ABACAIRR RREM/RALET IRhAAT!

As the proximty eproc SSWI |ncIu thereln
the proximity head 106 is desurcd to be used in that manner. Inone embodxment, 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

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
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

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



nove across the wafer in the direction 546, the wet area of the wafer
surface enter the process w ndow 538-1 through the | eading edge region
548. Then after processing of the wet region of the wafer surface by the
meni scus that is generated and controllably naintained and managed by the
process wi ndow 538-1, the wet region is dried and the dried region of the
waf er (or substrate) |eaves the process4wi ndow 538-1 through a trailing
edge region 560 of the proximty head 106. As discussed in reference to

Fi gures 9A -35- through 9D, the process w ndow 538-1 nay be any suitable
shape suntayassludess pexaitploé sourcentiets GO and 386/ and elso @iplewalisy of sousde, outlets

sem-circular, etc. Figure | OB shows processing region 0, 542,.and 544
of a pr o301 Tl FoBirsmEaN o480 daheegian T AR HE AR OCSPr THePBrlesent
inventio : i : | j ; 11&nd 544
(the regPré)r)fgﬂ %%?ﬁag(ﬁrséﬁ%g\ﬁn&ggk ﬁ%ﬁ Fl to@ég% |én%t§%nfr¥gggegﬁ%é?%g l%?‘%é}agsi ng

wi ndow aFhefefeesbegrocassigf eimrziveecs3H3 maliea tegidh thht diidsouiddrideana pprade iit ed
that the _processing relgi ons 540, 542, and 544 may be %rgmgui.t abl e size

and/ or  Sxapexiguyhicad 106 &y desugsdbe Be used g fhahmanneggIn g pdimangthe squar e,
i - | d trollable fluid
sem Sq“ﬁrro‘éess{gxrgetﬁnﬁi?&a@? gaﬁsﬁaaﬁu%%%hﬁg%?gal% gﬁ € and controllable Tlul

Meni scus' can gener an renmove fluids froma surface

in an efficiept r. .1 n one enmbodi nent e, processing.. .region 540

el udes. t he. TEUEA et Ao E P ey gty 24 B SFGRELE mit s o a2
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304, and the Frocessi ng region 544 includes the plurality of source inlets
306. | n mapinshusic atpleraifthotiioneest inlathd02 ped)Bomaslizlse amlwatlibsofsource outlets

b 3| ds). th j on 544 wi i.ng, af 304
Lo o Qad T RiRe HiRto eaf o Pdugeinsu edra Mo BleR g8 el E, on

544  butprBeigni8 hARBcRGhcod hertliBtRatl MY Berdhfc AAd SOMISIAhE Migud@P6.exi st on a
| eadi ng edge side of the process wi ndow 538-1. Therefore, in operation,

t he proxiereforen dedreoGsipensindowss 38-4 mayderreisginnubatdriesand/arcdgans g vorten iba,

DIW andg, vacuu LN regi on 0 2..and 544 in th e i ndow
538 (asclg‘f'uBWf' %b?zﬁtp@é I %&fﬁ%%%u?%én&%ﬁ?ﬁfﬁf ﬁ’e%‘tcl]c %Bgsﬁgneﬁ%\ﬁl%mg over
the wafRécessing aGeddw 538-46% arabaatidiyiq@rofrpat i on, the wafer surface that
noves through the opening 541 in the region 542 and contacts the neniscus

Ui d that | o B B R B o B

meni scusnlgékesind 806\ae dvdbag the phemligtefsonmeasitiotssi04 inacsondaneewith one
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
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
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



Therefore, wet surfaces of a wafer may enter the process w ndow 538 through
the opening 541 in the region 540 and by contacting the fluid neniscus my
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 enbodi nent, other
enbodi nrents may be utilized where any.ggitabl e nunber of the source inlets
302, the source inlets 306, and the source outlets 304 may be utilized as

| ong as the -36- configuration and nunber of the plurality of source inlets

302, t hethseughcdD] the precesdindands38-henS W46 satthble sBapdGachay, fgenangile a
stable, controllable fluid neniscus that can dry a surface of a substrate.

|t shoul GCBEEWRESASME otk O¥Hyseairqimplas atgpe of substrate such as, for
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306. |t "ERBYT Hulsls EPpASEHacel andlisiephmannge Ipne ARIBGARRTI g PRESHR S hown
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to conduct wafer processing. e proxim ads described in
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have enbodi ments of the process wi ndow 5 and regions 54 542, and 544
as descoutbes 304 (¢.8f erveaeen rmgli §he esgi@AS 40 suhatintiallB satvowmls the regaatd$44 on,
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from t hghe§RUESS window 538-1.
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

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.

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 arc shown in this
embodiment, other embodiments may be utilized where any suitable number of the source

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



inlets 302 and 306, and the source outlets 304. In addition, the proximty
heads described herein nmay have nultiple inlet lines and nmultiple outlet
lines with the ability to control the relative flowrates of |iquid and/or
vapor and/or gas through the outlets and inlets. It should be appreciated
t hat every group of source inlets and source outlets can have independent
control of the flows. -37- It should b&-appreciated that the size as well
as the locations of the source inlets and outlets may be varied as |ong as
t he neni scus produced is stable. In one enbodinment, the size of the

openi ngsconfigentios enid muatber 80te phoslityefsowniceide3(342, thndovwaidetsi3betnd 306
are betyeen about 0O i nch and abqut 0.25.inch in dianeter, In,a
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sour ce ifat etsn@62a sarcic8dudtor vaadel mbyhe pocekred dydhe eppemthstssind304 are spaced
about 0.03 i@ﬁh agd abo g 0.5 inch apart. In a preferable enbodi nent, the
source imfthedolegpdescd ?% €& 0. 125 inch apart from each other and the
source outlets 304 are spaced 0.125 inch apart_and the source inlets 302
are spaced abdgurey ,léghﬁqqg.g 14 plstraterpxemnleygobpdiments pf tiei ppxinibdidd may not
necessafizky : "R Gonf i gur at i i
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any suitabl e size depending on the application desired. |In one enbodi nment,
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close proximity with the wafer to conduct wafer processing. All of the proximity heads

described in Figures 11 through 14 are manifolds that enable usage of the IPA-vacuum-
DIW orientation in a process window or a variant thercof as described above in reference
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
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
refative 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.



Figure 1 A shows a top view of a proximty head 106-1 with a substantially
rect angul ar shape in accordance wth one enbodi nent of the present _
invention. In this enbodinent, the proximty head 106-1 includes three of
the source inlets 302 which, in one enbodinent, applies IPA to a surface
of the wafer 108. -38- In this enbodiment, the source inlets 302 are
capabl e of applying | PA toward a wafer3%urface region, the source inlets
306 are capable of applying DiWtoward the wafer surface region, and the
source outlets 304 are capable of applying vacuumto a region in_ close

proxi mity of A& shgpldhcappreciated that the sizms Bl athe psativesiel & seprceivletsacuum
t he | PA, of fluids that .may f.esi,de on a fer
Lot hop. At biMede Ry B AL A 10h RS ¥ il B Ao TS 80 16 BB Ruibolth Sy
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i nput t edQr_. out ed.thr h the sour inlet 302, the r.ce, oyt 304,
ot he iR BT s S 00, e 35 oS U Sufif 66

cor r espoindhVdridnthé Biee 9PtHeCpeningh 8F tiRGdurde1B1eB032GE aB6id (B3 &fth. and the
source inlet 306 in this exenplary enbodinent, it should be appreciated

that the portf Gt@nboithbat tﬁQ%tﬁé@ﬁlg@%gﬁ ‘&H@gbé W adSHBY Fo (Hellfired fRBANY

sui tabl e source inlet or source ou ependi ng on the configuration
desi r ed.304Bec apmed @abouth@.08 amdhi guir @toino0.5dhck years daragerefenitde endRdimead, 826

with the sour.ce o ets 304, ..the nmeniscus 116 may be fornmed between the
pr oxi mi ﬁ?%?_&dﬂﬁfoﬁglﬂﬁﬁﬂ“@ﬁ &-gariaeh denst %Ofmécg RE}5E 2B¢ theROUTEHPYLL 3446 may
vary depgadhdidd on 25NRcHE Ak agﬂrtg& tk;ﬂg}tc@t g& g@% Apd %%ggd Mok %@%@ﬁgﬁ%&y head

106-1. It should be appreciate orts 342b, " a c for any

06- 1 oul'd e | A2, 'and G426 1
and. i mensi ort autip AR B SRR RR LA IR QR o3 R SRR e

by the datinzg ticnin@tsaitd) cositifr o) BhiRl Snd/BPdze At SORTGRahipl€tasmatifeldThe
enbodi nents of the ports 342a, 342b, and 342c described herein may be
appl i caBiBrerir BHEK. G baresqyabyk pRovyl Mickds tehes 8 plaieich @s &g ag thegaarce

enbodi e ' 0 e 4 ween
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enbodi men4ble theggmerdtioniofa coftrahal)tstabll, @fariapedblé fuld ih8nisered) Inra phiefoystiler . |1 n
one enbodi the di stance between the ports is between about 0.125 inch

nt, : A .
and aboﬁ’cnbggi“h‘?!ﬁ’ the RFQximgty head maydeamivee efssaifishs desp@bed 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
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

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.



di stance between the ports is between about 0.25 inch and about 0.37 inch
apart. Figure IIBillustrates a side view of the proximty head 106-1 in
accordance with one enbodi nent of present invention. The proximty head
106-1 includes the ports 342a, 342b, and 342c. |In one enbodi nent, the
ports 342a, 342b, and 342c feed source inlets -39- 302, source outlets 304,
and the source inlets 306 respectivel y-38l-t shoul d be understood that the
ports may be any suitable nunber, size, or shape as |long as the source
inlets 302 and 306 as well as source outlets 304 may be utilized to

gener at e, mai Anahis emindimanabe sourbe infeni362 ase dpsbleif gpplying B4 bovard aa r ear
view of the proximty head 106-1 in_accordance wth on nbodi,ment of the
present i WRIENTREe reghen, thesourgedflebs 3%%@5%%%?%?%“ @%ﬁ%ﬁ’%ﬂ@f‘i‘?’aﬁdﬁﬁw cr
enbodi ne Lesp i | 1 4 yeehtad

106- 1. |F$§ﬁ%§%ﬁﬁﬁhgﬁg%g%ggﬁgﬁgﬂ&$§2?g§ﬁe g?%ﬁ?ﬁ?%?ﬁﬁgﬁghgg%?%§¥2 exenpl ary
i N nat ur eleegraEhityofanyriacusfthbhafel 1080 Hyothe applicatignad théreacour,dke et s
302 and 306 as well as the source outlet 304 are configured in a nner to
enabl e c1¥XViang ampotlsr taeyalf dhudsy thatymay ggside Cﬂ!b%wla&rts%fa%ﬁ?ﬂ@ edederibed
herein. In one enbodi nent, the proximty head 106-1 includes the_ input
ports 342c whildte preyinfisdeafl 106d alse aclidesports ddda, 362 tandsitfcdbal, Hi @S 302a

whi ch |lel to t [ t 2 h ' [ G 1 ki 12A
Shove & PURRREY sespomto SR rESd PR ooRedty Mieh Ao AU ol e ©
circul ar ;shaftfrely) B¢ GPUHARE rbhing Fuig RdeditiraiRipaets 340e, MBS Rt 34dyent i on.
In this enbodinment, the proximty head 106-2 includes one row of source

inl ets 3@Bidsimay beinpatigdierptputedsbrdnsdithe soures indelsd 05 thegiousee outlat 804 ad4.

One of the rows .o rce,,outlets 4. s j ac t [ - e
e O 4 o Bl SRR Ry Rl 210 3R BB P pesBieS
are rowsifk RRUiHeS Rk oatSt 44 and i HoRrdedBict 108N hi$ Extenplagyedbodibeent, it
proximty head 106-2 with a parti al rectangular and partial circular shape
i n accor danddberpprecinied dhds skl past 3472, Bheb, pnd Séae mayrpupRty remayedhud
enbodi mept, the proximty.head 106-2 includes. ports 342 , 342c
on st BBt aRERS sPiet (PIRC FoHG o RS SE R s 8RByttt S 00
be utilBzesist 8f iHARGhAANAISH oPeRYbirde! ibleS3(2rAUIIE Whb tBesdaee ontlet 30802
and 306 and the source outlets 304. In one enbodinent, the ports 342a,

342b, antheuiscus e aporie ounehbetswen tee proxiratty haubl 0q-handdhe seafeiioet s

304, and’l"ﬁeh s?ha?)g ORI ﬁlcr:]rluseéuss 1%8%53;99 e%te})f\:/:?cing on the configuration and dimensions
of the proximity head 106-1.

It should be appreciated that the ports 342a, 342b, and 342¢ 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
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
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 3424,

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



Figure 12C shows a back view of the proximty head 106-2 with a parti al
rectangul ar and partial circular shape in accordance wth one enbodi nent of
the present invention. The back side as shown by the rear view is where
the back side is the square end of the proximty head 106-2. -40- Figure
13A shows a rectangul ar proximty head 106-3 in accordance with one

enbodi ment of the present invention. Inm¥ne enbodi ment, the proximty head
106-3 includes a configuration of source inlets 302 and 306 and source

outlets 30642, 4 | | Y4 to the.proxjmty head 106-1 as di scussed in
ref erence ltlfl 0 F"i‘ﬁg‘f}?%‘ﬁﬁeﬁé@“r%‘i ficsp %&ﬁlg% jﬂg’S%eﬁPY?Yh@aﬁime%b%W%f%bs t he
sour ce outhattls BO6 mbipbé ady QuilaBledfimiic?. G t rce outlets
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sour ce i nfBY SO&BOWsH @s sogcaguiiets BOAmaylbe wibized & ptickat SmaMainPaqdiRaRkE e ed

SO meni sCyp m&GR&LalkON. Mai ntenance, and managenent may be optim zed. In
this enbodi ment, the "source inlets 302 are capabl e of applying | PA toward

a wafer surfaci : re%k?@ the source inlets 306 are capable of applying DI'W
toward the waf ef&" SROWLR ISR Vieghal thsaredmitchead J0bet i BGdrdanee withahke of
appl yi ng stabstifmchOoBhE e A S roximty of a surface of the wafer
108. By theb appl i cati oﬁ osglﬂtlhgelﬁ/%guﬁrnq% r? ew?%,&,f?lﬁ REPXURHY gﬁ@) &Gdrinapse of
fluids tae ente sprdespondsatovthé bad S4BRY tREpoRITR 1 066-R" SdnBliaY
head 106-b%aal SO.i.n h}quﬁiséd)por.ts 342?%@ and 342c tﬁgg?&(} nwj\ﬁi)n'e(?txghmlltd
enbodi nent, pgléqp}aég(% reHEydisad d 0Pl istexgmplarg sunatercartd mby 80 4ny and

sour ce | BLRibI8AfnedEHRAGL] i tJ o) noVi fluid through the
ports 342a, 342'b,eand 34%%%gé ﬁeu£ sceﬁgyfhojedzgﬂﬁ{ﬁqégﬁ %Y’ﬁgﬁww

t he sour @ ¢anfigurdDn,a mimencs ooletsblOtlehdihg 38d/or aRAng bBeSOMEF 208 Bl &L 306-
A'thoughn{a?;ﬁ .. 342b, and 342c correspond wth the source inlet

Ip(gersts 34%a E‘?ﬁﬂ? on

302, t he "EalFEseibidherens, spodiment éhd priosimigpBeachl @Gl Snaudasphar y
enbodi mefiput pbrts SARNHicB%n i d.that the rts 342a, 342b, and 342c
may supply otr) renmove f1ui d3 1‘5%%%%%@ asttﬂ?atsgf)‘?rge ggg’r"cs@“f‘?’?llglet’bi;ggao\‘ﬁ}f”@@%tlet
dependi ‘n@aféﬂeltthéhftmpﬁimrtsai@mhd@aiiﬁezﬂgurewgause of the configuration of
the source inlets 302 and 306 with the source outlets 304, the neniscus

116 may be f oFipede b2A whews b Peoxa@yiHEal Y 0DSARid Q6saki . The
shape of .tgf:a(sgﬁni scus 116 may, vary dependi nglt%(r%q)t éﬁgg%%ﬁg‘f}%\g%fdo%%gaﬁd

di nensi of e FeeRdangs Vit gue emboimernt of leuprdsdrs iappition. dheadst hat t he

ports 34gsbodiient, uR oty hlla B Ycnldle one row of source inlets 306 that is

- 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,

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 emboditnent, the proximity head 106-2 includes ports 342a, 342b, and
342c on a side of the proximity head 106-2. The ports 342a, 342b, and 342c may be
utilized to input and/or output fluids through the source inlets 302 and 306 and the source
outlets 304. In one embodirnent, 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

end of the proximity head 106-2.



proxi mty heads described herein may be any suitable orientation and

di nension as long as a stable neniscus can be generated and nai ntai ned by
the source inlets 302, source outlets 304, and source inlets 306. The
enbodi ments of the ports 342a, 342b, and 342c described in relation to the
proximty head 106-1 may be applicable to any of the proximty heads -41-
described in reference to the other Fi-goares. In one enbodi nent, the port
size of the ports .342a, 342b, and 342c may be between about 0.03 inch and
about 0.25 inch in dianeter. In a preferable enbodinent, the port size is
about 0. 06 i nérewre 18AIBovR @ edtamgilapedaimityl eadr 66-emirodomdante withendi st ance
bet ween th orts | et ween about 0.125 inch and, about. 1 i.nc art. In a
prefer abPEbefitsa fh e Presat dyeRioN é“ﬁ’é‘f’\ﬁéﬁ’ﬁdtrﬂ@“p%‘%’§°’f‘§“ﬁéﬁﬂgéﬂg‘ out 0.25
i nch andj i Ei 1383 Yd QYN t\Emi
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i nvent i ote th¥ipeoximaly head WO®A at léscpssedi im referdreado FOfind 11 An Tiraectenpdali nent ,
corresponds.to the | eading edge 548 of the proximty head 106-3. It should
be appr eRfOX{RiY bﬁ%ﬁ 1962% qu?% M %PW‘W(% that asedargien i diamete thanethgng
maybe an i i i 0l : quqh 06 as
wel | as %ﬁ%éﬂﬁﬁﬁﬁtﬂ%ﬁﬁﬁ§?§§gﬂkﬁ§?ﬁlCgmﬁﬁgﬁpgg§?%5§9ﬁ%ﬂg§%aﬁggﬁna Ié§

cl eani ngsoanat/ialet3GA gl 306 dsheelhad #he sdOeiontitis S04 nanniss aldesd 5o hedishey ein. I n
one enbodi nent, the proximty head 106-3 includes the .input ports, 342c

whi ch ne8PRFEEQns INAIERECe AN BREfedBF 163y pheptupiiede In thivsegbadimentyihen run

paral | el t: 'Fﬁygr i i i

illust raStOEelgbea{H%fsj e Vi 2%9%%@? ﬁ@%ﬁ%ﬁg ﬁ%;%?gﬁg%} gétlf%@a% -gﬁﬁgﬁggmv?ﬁet h one
enbodi nentetsoF06pare sapeble of/gplyiogn DIVhe wrd thawhier kedakeli@iod, amd thedesrcehe
ports 342a, 2b, and, 342c. . I n one enbodi ment, the ports, 342a, 342b,. and
342¢ f eéal?]&w?@@f? ﬁm{dﬂéc szmziw%mwrbm @@@MIO%?&OWQ%B{? sﬁacﬁpét s 306
respecti I sm,% : afs, .t PR i tabl e
nunber, tg‘?gvéferéPg's pegggﬁf%ﬁgﬁggh%ﬁgmggﬁf E(':hee ﬂli}%’et S gdélg% 52’3“%3%" %’? wel | as

sour ce dividsthst B30 ravale diea whidrisadacd magbaecmdeed. mai ntai n, and manage the
meni scus 116. Figure 14A shows a rectangular proximty head 106-4 in

accordance WTHe poLimieNRadi 106 alod iddMedRTRSR U2k B4, ke 342dthanen one
enbodi ment, the proximty head 106-4 includes a configuration of source

inl ets SEPodisermoprnieonbiortbe soure dtlet g sowmaputlet Mdppng pource inlplc06

P;g?;?g H’Sg?&ﬂ%l} 0@)? ﬁlp%?tirgé ércl%ﬁl%%ﬂqg' ﬂuiﬁ%leoru%ﬂ(iﬁe fbgrtf S %4%@’,%&@@0,
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
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

of the proximity head 106-1.

It should be appreciated that the ports 342a, 342b, and 342c¢ for any of the
proximity heads descnbed 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 342c described

in relation to the proximity head 106-1 may be applicable to any of the proximity heads



proximty head 106-3 includes the source outlets 304" that are larger in

di aneter than the source outlets 304. In any of the proximty heads

descri bed herein, the dianeter of the source inlets 302 and 306 as wel| as
the source outlets 304 nmay be altered so neniscus generation, naintenance,
and managenent may be optim zed. In one enbodi nent, the -42- source outlets
304' are located closer to the source iflrets 302 than the configuration

di scussed in reference to Figure 13A. Wth this type of configuration, a

smal | er ni Scys neratgd The regi on spanned by the source inlets

302, 306@ §§dﬁ‘6<§a %ﬂf%@t e odigy F1gugss. atp§6€§6tbpé’én%tth§t>§ﬁm0af§%@&. bed

in refer%ﬂ@&, 340 -t S cIndy ﬁ&béf%&? 00%%51?9% t?du%g%gﬂ %t%é 5{‘ one
about {0 B

enbodi ment, the process mnn ow na etmeen
square i raqindsrablmembcpmmfear diod Imrenhath dbent 0.06 hechtoaCES Bichiin diamdtery Thene about
0. 75 inch, T erefore, ag justing the region of the In_ this enbodinent,
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waf er sur e source ou ets re capa app?ylng
vacuum t ench andgbouwt 0.37 ddchapagpr oxi mity of a surface of the mafer 108. By
the application of the vacuum the IPA .DIW and any other type of fluids

that may resFgRron3B shew ek réhiae 8f R rbLin dos e Rc8xdantd Withead
106-3 al so includes ports 342a, 342b, and 342c that, in one enbodinent,
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302, thebéwre&atawtﬂaethes&émﬁ@dheédhﬁ)mw&&rﬂm&?tn ﬁ%e ahd Hﬁ?%@ ahpe ports
342a, 342h, and 342c correspond with the source” inlet 302 he source

out | et 30U Eﬁhmtih%% aulong 3 thecsousasinlais 867 and 3@t well as tiostivmemaytlct 804

shoul d ted t hat .t he s 342a,.,342h, and 342 ply or
remove fﬁ‘erﬁl d‘%E naanlfagﬁ?r TR SSiﬁaﬂ’é‘ dt25¥‘ 583?13%“'8%‘{ q@%g WE5endi ng on
t he confmgufeaaembe@ Bbfeftl. In at&@fﬂs@d&tent hBe gmtmg? h3hd 906 Bl inkRigeSMr Ce
inlets 302 and 306 with the source outlets he neni scus 116 may be

formed ByPYtperts ﬁd@‘égféuw M el diuid én at least somiofithe sdvsealindels 302a whithtrig
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or Sl AR Bare 1 CRRMEF hikds -

t he er d shape of the meniscus 116
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one embodiment of present invention. The proximity head 106-3 includes the ports 342a,
342b, and 342c. In one embodiment, the ports 342a, 342b, and 342¢ feed source inlets
302, source outlets 304, and the source inlets 306 respectively. It should be understood
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
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

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



Figure 14B shows a rear view of the rectangular proximty head 106-4 in

accordance with one enbodi nent of the present invention. The rear view of
the proximty head 106-4, in one enbodi ment, corresponds to the |eading

edge 548 of the proximty head 106-4. It should be appreciated that the
proximty head 106-4 is exenplary in nature -43- and nay be any suitable
di mension as long as the source inlets4302 and 306 as well as the source
outlet 304 are configured in a manner to enabl e cl eani ng and/ or drying of

the wafer_ 108 j.n 5@3‘ nmanner d?scri bed herein. In one enbodinent, the
pr oxi ni tfoﬁrgﬁﬁug%- 4R [9ated £1asgrta the seurppiniets 342 thagrthe Kon@gurpéad fluid to

at | east $R0%e8%nt Al &IS wx whl che o allel 1o the.lnput
ports 342c shown |é%&€§%{ogq%%%1%ég%?@%§l3%ﬁ (%l—ucg?{ ?ﬁ@é%é’ %F%%ﬁvi WSt he
r ect anguimay berasxemiady PeadgibdGpdnred byahe ssudenagety\s 01 J0ser@nibathcwilbtsof

pr esent 'iBB%(ﬁnti on. The ﬁéﬁgxi mty head 106-4 includes the ports 342a, 342b,
and 342¢ 3% {OLHE0 SoHETPsHS 304 aedssembed i soferenga foy Figuel 1 1 ) maytbeadysour ce

inlets 3QgabROd . squrce inlets 306 respectivel |t
shoul d be Banderg(fc%})(gbﬁ ihgg)é't ﬁg%o?l?tgo rr%?/mbe “ARYCSht %‘f‘% "haﬁ’ntbe:t?e, fé‘?”z%’,(x‘f)r-
shape as0i031tgabeut thapsotinches. MhatgeRAbloadbdOmeas MEplocass WRMbRANHKES et s
304 may g% uh# |.z§9 iﬁg{gﬁ{;erate, Jmai ntain, and manage the neni scus 116.
Figure 1 ut fndngh- pflste ?’>b>"r?éiwﬁlm@@1q eepetahe brihisceraberdimgnt, shagearce
Frooh ey 52 LOCBiRESP b OMEIEASDald SARY B A0E ARRDC Sh il 10
rot at i ordrroabbnef auplihg DIV erwdde tROw RicD S S8 FogiBRYarahY 35kl oufletdny4

sui t abl e mann% (;[’f?@rppi Qvi de optimal fluid neniscus controllability and '
nmanageneht 4R Efe ROBNE NAENEREP fEsEan igrcdese PsoxigrityTHe prrbce wif the wiefad 106,

in one RReTHR) MEYpSRORL 'r@rﬁ1 ' t bl i@edda,a configuration.as. .descri bed
in refer'enceqﬂto éngre ln2 . "A\‘é‘@%ﬁm}]ﬂ%‘%ﬁr'&@’eﬁ?ﬁﬂg ‘3&?%@ @%&ﬁ‘?ough
15F, t hensyafesileion aawaflee surfametriyt 8d regvell] ui d meni scus dynam cs can be seen
wth different flow rates, vacuumrates, and wafer rotations. The flow

rate of DI W are profinisy Held 1083 k6 irvc@&déé'filoﬁt@@42§t3@?2i)9£h@§4ééﬁaiﬁ"%( e My be
vari ed depending on the conditions encountered during drying. I'n Frgure

15A, t h&mbegiae corearomsbionthe spured itdgt 303peturos cdlani@ddandisaioe inletBGt any
thi s embgBny PhUMR ! (bR TR bbbty W Ir R Ace s 500
ani /g m 2 ;g;dgvu\;u?fhﬁffigg\hitéwsf 6@pesed heouphakk Bhinée RSB0 ohAsHES Gt dI8E4) Ahd
e source inlet 306. Although the ports 342a, 342b, and 342c 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

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 beiween the proximity head 106-

I 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

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

head 106-4. It should be appreciated that the proximity head 106-4 1s exemplary in nature



i nput in accordance with one enbodi rent of the present invention. In this
enbodi nent, the DIWflowrate is 500 mM/mn and the IPAflowrate is 12
m/mnwith the rotation of the wafer being zero. As shown by Figure 1513,
t he usage of |IPA flow has made the -44- boundary of the neniscus nore even.
Therefore, the fluid neniscus is nore stable and controllable. Figure 15C
shows the proximty head 106 as descri-38d in Figure 15B, but with the |[|PA
flow increased to 24 mi/mn in accordance with one enbodi nent of the
present invention. The rotation has been kept at zero and the flow rate of
t he DI W iagd mway ba 1y syitablgiemension asdong pothe satuse iinletsg92tangt306tds avelll asithie

meni scus romed and less control |Lable. .Fi qur 5D sh tr

or oxi it §oRea g o BrEmydie L6 R Ginine SR RmR e W tater
bei ng r 01198 ¢4l thamasse ddanbed Wdefh. OfifoihasidiRRht, @le Oérlaﬁixﬁiftf’ﬁ@ﬂi 106-gvention.
In this enbodinment, the rotation of the wafer is 10 rotations per mnute.

The f1 owdledes the inpuep®is/B42s Bioch mayfeed Ml lte at keastfsoow ofdbe safrog dets PA i s
12 SCFH. e ni t ud he vacu I bout. in @80 PSI G When the
waf er isﬁ%‘é’#ﬁ’%ﬁgﬁkﬁﬂ%ewg%‘g@%ég‘%? ipdlgurgd P e due to the added
waf er dynam c%.as co&pﬁr ed with Figure 15C which shows the_ sane DI W and

|PA flow rate e WAt HBbsralgsraetids wertafdhe rectangulas prospmitydigad dAe-4dPoxi mi ty

head 106 f 4ol S BrRA ' erq, t mf i Shdbei ng
rotated ?e;ggl?éea?wtg %trll1 (%Iwe&? ot at ?rgtlr?%g %&ﬁ“ﬁ%@m@‘%‘gﬁx. n agé%frﬁ)ggge w th one
enbodi neinichalles theepqtseBidas 342by amd 3482, Thoné Bmbodinhad] e ports BARa r3aRB} i  of
t he vvaf\tla\#] is.1l rotations _per mnute. The flow rate of the DIWis 500

m /i n witAcefeed gourre ipleta pA2.crurcg outles A0A sanththg epyce frigtsAligesnsgtvely- the
vacuum i M e ) e I.Se: f t he
Pt ehoBRebE ybriBod (AR B ol %%ﬁ%&%bi‘é@%&b@}%h? Kol R0 as
meni scusthdissmgs Sidetsi 302 raatl S06 s evellas sbgue @ufl&l 3ddandyobéd hidliadde genarhiey
dynani cs as  .conpared. Figure 15F shows the proximty head 106 where the
| PA f | oPRRE BN Raes facrreniseuscdfpared to the | PA flow of Figure 15D in
accordance with one enbodi nent of the present invention. In this
embodi nent, tREualiABhess 3 perimyy hhed BI6GAN dpevatian aecording toene gmbediment

B T T e T S

SCFH.  WIPA, temagnitude 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 1SF, the wafer is a clear material so
fluid meniscus dynaniics 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

rotation 1s zero and the DIW flow rate is 500 ml/min.

Figure 15B illustrates the proximity head 106 as described in Figure 15A with [PA
input in accordance with one embodiment of the present invention. In this embodiment,
the DIW flow rate 1s 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



| PA flow rate increased, the |IPA holds the fluid neniscus al ong the border
to generate a highly controll abl e and manageabl e fl ui d neni scus.
Therefore, even with wafer rotation, the fluid neniscus |ooks stable with
a consistent border that substantially corresponds to -45- the region with
the plurality of source inlets 302 and the region with the plurality of
source outlets 304. Therefore, a stabhke and highly controll abl e,
manageabl e, and maneuverable fluid nmeniscus is fornmed inside of the
process wi ndow so, in an exenplary drying process, fluid that the

proxi m t polahgy d0fhe MoniRNE GiohE eveno TharefadeptheSluid anmidcas isamoxestatlhanéby
quickly and efficiently drying the wafer surface. Figure 16A shows a top
vi ew of ﬁﬁ%méﬁﬁﬁhg/drying system 602.in accordance with one enbodi nent of
the present invention. It should be appreciated that any of the

embodi ment s ofFigure 1 §C ghows theqreximiytepd 166 as desssibied in Eigare hEBog-with thgo- 2
100-3, 100-4, and 100- descri bed herein.with the,any, of. .t he odi nents
of the p?‘%&%“i?"ﬁ'@% t??gm iAGeFIpReeRv i PR o, og'gl%gl‘—’fﬁ}éer rienﬂrmmay be

utili zed;jRnGON FRCIADNAS Bt Nk alVBdr8 ind OGS TS FURCHIW RB0OMVAIn.
generate an I ntegrated system such as, for exanple, those described in

Fi gure 18henitholih fl2er foed iswwo hiph,ahe flarbmenisemt hecomes defamiedgnddessdr yi ng
system 100 ﬁe i ncorporated into a 2300 Brush Box Assenbly manufact ured
by Lam %E@%H of Frenont, California. In one enbodinent, the

cl eaning/ drying system 602 is the cleaning and dryin system 100-5

descri bed abo¥&urhl}dsbewnthe rreximiydicad IQ%W@W\‘M*&H‘%{HW%S Sk 604

and‘a Spiay TROLRL A 808, 1 toHPIL B SIDOM TR RERANSE B phdiEnc] eani g

and dryi ng systens I'zed 1n conjunctron with a different wafer
processi inge@Rpar B tss ethb&@limehe arirogtiand dig/water sy 50 sotsti¢ror par onjpotee il
therein) may al so be known as a wafer drying insert. It s@ijéd e

under st obew#atf thedD BV is KOkay/mye viiledbe floverateelthe JPfdp ) é © ritdf that

ey ef f GelEMElY oliRALAAUDIRAALE i M 3D PAR] WHRRLEwaRalY Kidiel, @b coho

(PVA), r , , etc. ment, a brush such, as for
exanpl e fuig@hatidcny beadraaiieds {AWAJue torths hddal wheer dgphid aswemptated Withish cor e
604. The brush core 604 may be anﬁ%sui table br u%tf} cotile co%gur ﬁt i on such
as, for Bgaiplo& whithsbowndisams LY aeddkiy flow r3tR bphwithept WaigrLo@ighe, when
the brush Gar 2R imitD Bedd MR wRBretdlE nRId4Rnia0nSisAAdwiBYhEE thatppl | ed
to the vsﬁvz}?glsr% l?fzgxég;sg{legn %rﬁgpsur face o%et Ee waf ernaf ter wafer processing
such as,wafkois beigptaed Bisthihag, thotanion davwrom, Figtue, 15D in accordance with one

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

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
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
[PA 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,

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



I n one enbodi nent, 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 nodule) for drying. Therefore, after wafer cleaning,
the wafer 102 may be dried as -46- discussed above in reference to Figures
2A through 15C above. In this fashion, tinme may be saved by having two
waf er process. operation in one nodul e a4sd chances for contam nation are
reduced because the wafer 102 does not have to be taken to a different
modul e for cleaning. Figure 16B shows an alternative view of the

cl eani ng/the yégnen with tlenpleodity of scauccointtan3e? md theoegion mitdihmpharabify aflseurce
present in tjgn.,The cl eanj ng/ 4ryi syst 602 rmaybe a . nodul e(s), (e.qg.,
cl uster t%‘)ﬁ‘?% 1"3 ?\95&?‘@'{?8 ?%ﬁéﬁg‘g?%&@faﬁ&’w&%ﬁ@ddvﬁwg ®bel ow
in refer emnge nedisoh O Brmtdd HIRAUYR titelproBlss RAUEAY sB O hnexEhifpAity RidyinY Pr&idss,and

a drying systemin-one nodule, space may be saved and th fer processing
system rflyd Bet fedeosineity lerad 404 mayr encoontprch awhiferesurfataisniengved tiedrebnt i al | y

the sane functi lity. Figure 17 illuystrates a wafer processing system
700 wi t h ik skl Tiien d%g%%l‘yafe*?%?%ﬁh a drying nmodule 704 in
accordance with one enbodi ment of the present invention. The drying nodul e
704 may be anyigiredpl showsargp ywofl@glgamn, gfoying syvemH02 in@geerdan@ovh  and

any suit ' r 1t shoul e reciat h yv..Sui tabl e
nunber opraeyPaanBl ol 8RS e eRiGl ¥ shRug BR PGB RS hfln e LT S
9, 10, eembodimyencof thoanesd efttdrd 100€e k!, eRbnidRGyiteadH 08SIS 400l 1003, 100-4,
generate the wafer processing system 700 with varying |evels of wafer

processi Agd Edpabdescribedherpin with thecrra ef ghp embpdian e ipseximifihesdiOpb types
f f j | be . . the frqr nbl
of waler dercplggg rﬁ{ l@%éxteg l%és to 15 he?cx%pxﬂfgfﬁ% ﬁ‘%{%% 1}1 r‘ﬁ%&h 285 %ﬁll é\ﬂd@{\%ﬁeﬁs Senbl y

705 suchas, np a planariz €, etc nodul e,

cl eani ngpioredsinpgtidiogiéLto geﬂe@wmﬁﬁam Rysternt@chas, dor pxaagtesthoge syst em
700 includes 6 S_‘gﬁ[l ng nodules 704 and also has a robot 712 that nay feed
and r emp¥ecibgdingipwied 6inthreigh ¥ belpw. drpna gmbedinemistipedeammpandgdiyings 12

may al so | QUK .and rs.dn 0 t front
end 1 oadar et T iy o indtab B9, G SRR Aot ity EERu R b
types of Remhehs{Fidnomy Cabfdthial i zed as wel | as any suitabl e nunber and
types of front end |oaders 710. In one enbodinment, the front end | oaders

710 may recei Meork én@iddimeie tHeWkar®hg/drying system 602 is the cleaning and drying
system 100-5 described above in reference to Figures 5G and SH 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 proéessing apparatus, the
cleaning and drying systems (or components therein) may also be known as a wafer drying
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, elc. 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 1n the art.
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.

In one embodiment, afler 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
module) for drying. Therefore, afler wafer cleaning, the wafer 102 may be dried as



waf ers which require processing by the wafer processing system 700. Figure
18 shows a wafer processing system 800 which has multiple wafer processing
tools in accordance with one enbodi nent of the present invention. In one
_47 _ enbodi nent, the wafer processing system 800 includes an etching
nodul e 722, the drying nodule 704, the front end | oader 710, and the robot
71.2 located on a frame assenbly 720. -46he wafer processing system 700 as
with the wafer processing system 800 nay have any suitable nunber and any
suitabl e types of nodul es/tools such as, CMP nodul es, negasoni c_processing

modul es, discassail abo yroaukfessnca el Freueds 24y throdgh &5C atfbres: dinghis fashioggpee arais
such as, ,for anpl e, the fer processi ng syste 00 wi,th different
Subst r ai BF AN BT e e Bnc B TREAD T SHE PO PHLHIAReBb o8 ol | od a
cluster cahahiidiohdkSrcauedEiBoatdd AP Y IR dFRE hot Ravd'ty bR YaléhStbMifSrent |
described herein may be an integrated drying systemwhen integrated with

ot her nothddels foockaringt he cluster architecture system In an alternative
enbodi ment, the wafer processing system 800 may have the etching nodul e

722, the dryi Fggui®d6B ehd®Wé an ahématied €@ dfgheokuh@g/dringReste@ndidnment , t he
waf er processing system 700 may include three of the etching podules 622,
and 6 of 3REdaaes Wiy anssmbesiment of\fhe Rresentinysnsiopa flde chyapig YEHY s,

this may ter i.ng... Lt iated
that any o0 Ry Pe Sn @Rty Bl & cIRHEE RN ypbiee e o Bt Bcifiy ARRAEFLE
cont ai ni digausbel bdlernih ngfefbnye ROFiRYEd EMeflgh 20. Bdidving Bahiandeaniag sisjanng nay
be acconplished in the sane nodule. Figure 19 shows a wafer processing
syst em 88GW a ivingoiystephia-aicaRpdgenpace gay b spyed adide qeferPipRresingfystem

or oceser iy By el sBaREale R TR yhRe AR SNSRI O

dryi ng nhdeti@malind4. The wafer processing system 800' may contain any
sui t abl e nunber of drying nodules 704. In one enbodi ment, the wafer

processi ng sysierd BORusirirel H48TFerSrofessg sYEMN0 WRHWHRS ed@Frantd @saabler 102

i's shown being | oaded into the wafer processing system 800 through use of
t he front0Sevidh k dadeg niptiale Teinrasbotdand@withyone skebadireniaifdhe presantt he front

end | oader_ 710 d load th r 102 int n ne t I [ of

dryi ng_ rHouERRE 385 rARE mefud 2P ey e A R Sl 088 B 2 IR above
i n ref erneoce 1H0-sThAdaRY $8tdbASvarkeR thdr€iDeshduld BE BFprRt RicdPRa aryOsuddbienDr €
drying nodules 704. In addition, the dryin nodul es 704 may include the

cl eani nguadgr df giving mpdulem’86 suctess foraniple.flu2theh 5detai8, 9% #O, etc. may be
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
assembly 705 such as, for example, a planarization tool/module, etching tool/module,

cleaning tool/module, etc.

In 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
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

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



reference to Figure 16A. In this way both drying and cl eani ng nmay be
acconplished wthin one nodule. -48- Figure 20 illustrates a wafer
processi ng system 800" which includes a drying nodule 704 and a cl eani ng
nmodul e 850 in accordance with one enbodi nent of the present invention. In
one enbodi nent, the wafer processing system 800" can include a separate
cl eani ng nodul e such as, for exanple,-4he cl eaning nodule 850. It should be
appreciated that any suitable nunber and/or types of cleaning apparatuses
may be utilized within the wafer processing system 800", such as a brush
box (or emfodimbnt, g waferphicassingniysein 80hmghrlen pu cchivgrinodulddd2che daigg | n
one enbodi nent, the clean| modul e 0 na a . brush box. The brush box
may be dAQdWei’P4dhe Wb@“i)ggg?ﬂd ) B‘Hgt?‘f’ﬁﬁlf tcﬁ? 18?‘1‘“3%?‘?9 Cc‘l”é%fﬁblym’/}aéﬁ ers
such as } i o 20eRhy the
HROWEFe grotggiﬁ?@ngég%ﬂ ?groa Wtﬂ fhPhfer gfbdé%lnélgbgkéiﬁ 806 RS y

waf er processin ave a cleaning Tnodule 850 that is a
megas onisaitiiid nimbel Bndmot fistabrnigpel afanedulediootregab eni @MPodadeles,may conduct

ot her types of processing besides cl eaning. sui t ab, asqnic

pr ocessiMeEASRIE PEOGESIIS BiqduIes; HepNing ng%@%%@ﬁ%&hlna&mcfa%ﬁﬂw ‘%?mf%lr |
exanpl e, rd i ld i di¥@hén9, 023

entitl e&pb%ébgﬁ%g&ﬁ%%ﬁ%lﬁ%ggﬁgg%&w@éh%‘?&f or e&ngnt i oned

pat ent appdtiataivialed précdising moduisanpg inbdedehpodinednerienaticd Tlvdusédror e, by
ot er onmkieeRre WEHR. BT GRCTEPTE)s SR B8 SRR THAT WS b
interco : . e
capabi | ikth0q dibldlel SSHTWhid BhS iRl SiaPSRESHRUINS IPIRRNRe cRisgr e 21 shows
a bl ock Jl gram A~ War er proG%gS|ng systen1§ggg|n accordance wth one

enbodi mapdhiteftutdeyspies Bndn Altsraaivembddimone tlenafdt peressinheystas 8eOmOG0

i ncl udes a cl eani.ng system 902, a, chem cal nechani cal. pl anati zati on ( CVP)
syst em beve thg etchingawiile B tha e medie 3949‘%‘@?}1 ﬂﬁ‘”é‘?g f'é“rﬂa“é‘?) "h a
deposi ti 3 _ I Walo] HVTCT-TS Holeiely sdatks can
trans pofﬁ‘%é’ﬁ%‘z‘%“?a g e R ng A AR e AP 91653%90%, 306, 908,
and 91062Thedef 6f ®e ditiag sysiuben A0 Whayn inudtipid evaitd professhieg casajsothisvafEr

processing tools. It should be_understood that the system 900 .can.i ncl ude
one, soh%,g“‘b‘fm&f‘ cluster precesyiug e Hshowd alsgobe a%B?Ia@gél}g/té‘HH %% ¢ .Oflﬁfem d

al so be{rﬁgefeg%atrﬁg %éz@gaé;%i%éyéh%ﬁm%%n%n' Nhd Hﬂﬁxﬁﬁ?bﬂrf’iﬂ'gts @ guardeer of

any of systens ‘9 906, 908, and 9I0 as well as other types of
waf er phabedaining sysdigin: kaphn at@mplobed sikiled sathd 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.
The wafer processing systern 800' may contain any suitable number of drying modules
704. In one embodiment, the wafer processing system 800' includes § 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.
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.



the art. Therefore, the system 900 has great flexibility in wafer
processing abilities depending on the desires of a manufacturer or user.
-49- The cl eaning system 902 nmay be any suitable cleaning system such as,
for exanple, 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
system 900. The CWMP system 904 nay be4smany suitable type of CMP apparatus
such as those utilizing, for exanple, a table, one or nore belts, etc. The
megasoni ¢ system may be one as described above in reference to the
megasoni ¢ pr ofigesi 2Yilbetriteea asfaesordshied sistehuf0Ohwhidiandiudes adnader ence to

Figure 20., T et ¢hi system.9 may be,any type of .substrate, etchin
devi ce. Supdiad4 fafl 2idnpteanciin 6o Hadororimay et eI R QAN BBeeRY o
vaf er thpouan2 1hoad el®sHindg (hE %Fe?%ré&ssép 58dtem S0098Y: AUTRAE  sRpadfOCceSS

nodul es where etching can take place. A sition systemcan optionally
be util icieaing modulsistbh bd)doretahiphy tisy sibann § @&duldh&SWrly singnld e appredib@edmay be
stem descri bed herein that utilize any aof t i f.ferent

gPrty)ogir rahftanyeufihe prERentdjonuegs of sdcaningrgeraneg etz anie e o
Foau oS vidhed o8l Stom SR Shieh s a bRl (49 waal ihOfniygst om 100,
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900 nuy nprgasads clehmingwialer, &021n eneagiybadinieal) ltlee claading mueipk: 86dmdy e tthe
waf er 122 in a efficient and cost effective nner g?eﬁge of the
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t hr ough ow exenpl ary e ments where a wafer that is oriented

vertically b r.ocessed. b | east one proxim ity re -e| ther
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the waf giodufd85Rg8t RRYMEEsPRIORSRAE Medrlotlied dniboldife( B rhexhohic arddulé
shoul d appreci ated that wafer processing as described-herein may include

cl eani nglaydepiives othar hgios @f peacessiqhbesides Healing. pAoy ewisiblgmeLasome waf er can

ennancep snLE el ohed hsy TEUIREHPANd ch dReLLANIOIA bt ofNaT=AL o the

waf er duUring protessi ng. nse n use of "ver wat er
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processing such as, for _exanple, cleaning, rinsing, and/or drying may be
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interconnected, wafer processing systems may be generated that have the capability to :

utilized multiple wafer processing methods.

Figure 21 shows a block diagram of a wafer processing system 900 in accordance
with one embod.iment 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
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 systemn 900 has great flexibility in wafer processing abilities

depending on the desires of a manufacturer or user.



t he net hods and apparatus described herein. In a preferable enbodinent, to
achieve process uniformty, resident tinme of the neniscus on the wafer
surface is uni form-50- throughout the wafer. 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
processing operation where the wafer -#8 is scanned vertically in
accordance with one enbodi rent of the present invention. In one

enmbodi nent, th fer 108 is oriented in _a vertical manner ., so a top
portion 108c &f%e fRyptenp¥? pay pe dav s tpblcotleaungarstgn such #e ¥ oxi mity

head 10 Lentat | f f '
br ocess e ubll PR eAey; bl Mg A sRUY BG Bl C M ATa08 gpe,
pr oxi m t yf haah bdR6aSRIY appacath s beayctipnitied i the syb@in 301e Thd EME OBtemP0S

held in place or npved depending on the configuration of the wafer
pr ocessi ARYdeangsutatie bipe of NGB Rpparatus suchirsibosswdizime, fior examplget wble,j n

b ot ¢ S bHEE, A3 rnt e AR okhlln iy 1R e i R B R0 i Bference
portion fOfie nofpatdific pRkedsinddfevice BcRBAMEIIR faferdetdiohirefer@i@ettb PigukO8d. of

the wafer 108. In such an enbodi nent, the wafer 108 is positioned in a
subst ant F B¢ pighipgsystem) 908rmanbasmotype Phsubsirsia steling flevine syelf &% farosamiple

respect . Xl n.therefore be Ln.,any ,suitahbl ngl e l on s the
top por ¢ iGtBE i R0 ol S G35 L VpkE PBeRH 1l oG BRE T IR MR
t he bot tipranpeiuhitenoifiBdeRimédifes WAL etcHIB: cdutaRe plagé.c AahipRsRivhagseRdan t he
wafer 108 is positioned to be vertical along the y-axis. Therefore, in
such an rsaallybeutilizadaloppwithiths clsbing syoem 8y nove vertically in a
downward fashi on and process the wafer surface fromtop to bottom 1In

anot her enbodTiedrying dystepr 2K miay pehepdriog aystey desorivetl destinthandiize and t he

o vertithatitral Brencimats STiNG Aopugbrieian 08 domr e coRuE oF refgghoet >
scanned Mgt eAlthRuRRUUEMN TR LAD mé&%gosfgs{eﬂ?m\é%@%e%%gedﬂl oahpad.4, be

appreciated that any suitable device or -apparatus nay used to nove the
proxi m thpOke 48080680 dartany alatigntgbemef.t Gherefome tthe systerh 206 rody presessther  108.

5 thon e LRy suiaE Bliafec Yee da he ird et i ey by Rl Sta |«
a verti ¢alectiPd@hner by us@RO MAE dBARP I BRI9 1 oldTehPpRXdTiRverliRAd THXPeforRy be

directly attached to a mechanical “device or apparatus that can facilitate
mov enenthodryingesypieok? H myy hewer afbveafer poslaction ¢dsts and raise wafer yields.

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
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
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

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



surface of the wafer 108 and to nove the proximty head 106 fromthe top
portion 108c of the wafer 108 to the bottom portion 108d of the wafer 108.
-51- It should also be appreciated that a proximty head 106b (not visible
in Figure 22A but shown as an exenplary enbodi ment in Figure 22F and 22Q
maybe used along with the proximty head 106a to process both wafer
surfaces on the two sides of the wafer-5008. Therefore, the proxi mty heads
106a and 1066 may be utilized, where one of the proximty heads may
process one side of the wafer 108 and the other proximty head may process
the ot h&mosglhat tfc wifer. wdhercfaroSscaihing dirostion and speedisaydecontpiiedsd teay be
any suitable ugroxlm’t ea%apescribed %erein. In a preferabl e enbodi nent,
two proxiTHURhESEE St XFRY bt oriented so that the processing
wi ndows face each other. The processing . wi ndows of the_two proximty heads

may then be ofi@He ddAitludrabesa oty bgad 1968 hegmyinger wafer REQesssg

enbodi ne L . I ] ugh
S0 as toOherabBELBERT R RERPIEE id REpRECCHTRI B PR Bith B em MR TON S
meni scus thepréeniiiettdniga bnk Rthbodimantpte sedfagl 04 is dovatedtine yrtxalmidnneheads

106a and 1066 may be noved down from above the wafer 108. 1I¢ shgul be
appr eci ated tarrpartiom d08qeighe Malsr 1088 presonsd rFctBe (@ epRp X YRHEACHt oxi mi ty

heads deggsl ttﬁquag{uggﬁéemg% ;hge] s o 3P titAPIE, 9&@%@@3@&@3}@5&%&{@ waf er

108 as | ong as "a € neni scus on t surface

bei ng prp&eR&ad a prdcessife 8RS FBRILT tHeiRopihdl datiyl Odeadissholilbbe apgtedi@tid are
about 0.1 mmto about 3 mmaway fromthe respective surfaces being

pr ocessethat the wafer Hi§maybe belddn place 9 mavsdidgpending ap the eraeigiwation fre

about 1 . [ ' e _

or ocesscities Aipe PRI L, B il aF SRARL o RRiDE renco o
106b ar eFighfin3 AL.the Wateawoy if halinintbeladeemand preimity haad $s meivad flons égsed.
As the proximty head 106a and 1066 nove downward, the neni scus

cont act torhottem fsanaiaganasion; pheigd op payBon A8 oefths MRkRs iS5 SCRMpERFINGA o

forma j it f f n tiaQr;. processing
i ndows TRETEE ey 126G 30 B ARE RO i AR Rk R e MERE 0% Pl 05 T
shoul d glsitided appeatstaitatlytvbaical bdemafiar. Phopessomgfl tpevafer d08satl d be
started where the proximty heads 106a and 1066 stfrts ﬁé initiall%

pr oduci HgsResblofba ysiscasfheisfore hafn pny setabicpngie aplangqsths R RPLERL %ht o

the waf e flO8afd 908 FRUS Iﬂ?%htcp Hlo'@@rthé 2%5%5%%]&@ ofn pERidd 105 6Ames a
waf er processing continuing Trom Fgur A where the
wafer 108, In a preferable embodiment, 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.

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



proximty head 106a has started scanning the wafer 108 in accordance with
one enbodi nent of the present invention. In one enbodinent, the top
surface of the wafer -52- 108 is positioned in a substantially verti cal
orientation so the top surface of the wafer 108 is visible when view al ong
a horizontal axis. As the proximty head 106a cones into close proximty
of the wafer 108, the neniscus 116 is -fSornmed between the process w ndow 538
of the proximty head 106a and the wafer surface being processed. In one
enbodi ment, the proxinmty head 106a is configured to dry the wafer 108. In
such an enbodilh#henld alsebe ppryedisied wiat dproB8aty Iread| 100h énet wisibimindtguwe2dd

manages the . neni scus 116,s0 dryi.n akes e e ni scus, 116 .poves
(roma.« SUCHETH SrisosulR enbbiite B B B o EaRb e e RO AP0 % e
vaf er 108e prigingityohicad 188a tdBrodEss Hodh Rafs 0TalRAShE b6 Qideks D aeh ek 1g8r tion
of the wafer 108 will becone larger in a top to bottomdirection. The
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.
nmoi sture in the wet regions of the wafer 108 not yet processed woul d not
nmove up ether. dssugr avémpodintent, tthespagt betubpndhe pbcesgipwinddvgwoeldizdargeons a

W th oncnsnabg Ao Bier REEH SRR fratirilsr HESB5E e *or oxi ity
head 106n8@sclifRincldkiwen thé Rt PIRESIIEN AR ud ﬁ%ﬁhnﬁfg&lem Weatahe vaf er

108) between the top portion 108c and the bottom portion 108d of the wafer
108. Fi g6k repihd mpvst dawe Sronhebonzftbe wafardéSs ilhshambd banpprecodet thailéd from

Figure 22C.n_.acco nc 1 one epbodi nent of th r.esept invention. In
Fi gure ﬂﬁ“"}‘ﬁ@cﬁ%wﬁﬁ %&Br o6 hRLRrOX IRy ?f‘%%‘f@ﬁ’ége‘ggﬁrﬁmg fFife waf er
sur f ace any Ruitie 8RRAEE BRAY fronhER wath1 04 ACloRE @Y labtdtle Beddolidfianriicdd66 are
processing the respective sides of the wafer 108, as portions of the
meni scudnayls: formedien the seface bevig meovess i Ingrermntzrdimgot, (typ perxineHy Setdsact
106a 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
embodiment, the proximity heads 106a and 106b are abouf 1.5 mun 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.

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

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



with the wafer 108, the neni scuses on both sides of the wafer come into
contact and becone one neniscus. -53- Figure 22E shows the wafer

processi ng operation continued fromFigure 22D in accordance with one
enbodi ment of the present invention. As shown in Figure 22E, the proximty
head 106a (and 106b if a dual proximty head device is being utilized), has
finished processing the wafer 108. Figyee 22F shows a side view of . the
proxi mty heads 106a and 106b situated over the top portion of the
vertically positioned wafer 108 in accordance with one enbodi ment of the
present 0% mmostivned m »sebstamitiolly mertical ofentaicondonthe yorhsatee b dis wafdr 1¥6a may

f t he. i 116 d L bed  ab . h oximt ds 106 d 106b
SRy e e A i o b T 4 BF R s 406t
descri begmkﬁnﬁybm%rwﬁat 04, thd MehBERY BIRGE 5 @ndd SHHKBerl e pritdds winddd> 38

illustrates a side view of the proximty heads 106a and "106b duri ng
pr ocessi ofthe prakimlitydwad 4665 amaf tht veafevaduefacd B&ng praesswdd dneae wintblod ommt,

o e G RhTOET o s THE iRk el
ment scu Zprlgaéé%g GARGSE 538 H&@ll%&&%g@ﬁﬁ%%mgxﬂ&%}%‘ (s en{iRad 1 1062 af Bk

meni scu a wth the wa e proximty head 106b°forns a
meni scusplidetd the trtenisoes Wid erovidBomlhepaicatien 108eeHthexvafet 10&edble B@Eam may

process one side of the wafer 108 and the proximty head 106b .. process
the ot héaor%?laé&do?} thievafErr KB Therefpie g8 D TamgREocs tdits aaren e QHekr o ood
that 't e, hoRb kN dIEass IR irBQvneril gbralig Waf er
1.08 m?ogg&{ngfl%gx‘ﬂpmr ‘Jygfg?cﬁg&qs#%g?lmt ﬁgoéjg@ﬁ?gléa and 106gb nrgy be
noved daémhemenistid ie dedwaibedfie furdled demilaboed. upward. Consequently, the
scanning of the wafer 108 may take place using any suitable novenent as

long as the mpicttdsing e deafdORR iantvekel oMeatatioy dtbrh Boptclionmngtte novement
relative to the wafer 108. Bi/}fﬁUSi n? this relative downward scanni ng notion,
e

the dryimagisesy 1 Greaydieamsimgl led by pisriting the fBeesoFctingOnils BCHIFOES t 0 t he

bott om ti 03h. . fer 108, .. h j €S 2G shows
the pr OQ ?ﬁ‘l ;’fggﬁ’é’;ﬁ‘f%% Otlr?%\%llta\r{:{gmf ?‘SP{%F%C%E koégysg%é:gﬂ cg;ﬂ) '&t@]—%&%%:? b%os across
t he di ageddintddofor Bathe geheratigdof @fcohitellsbiRr mifdieablchaenisarbdliadditibs, tyay be
utilized where the proximty head 106a hovers over the wafer 8
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 dred regions.

Figure 22C shows a continuation of a wafer processing operation from Figure 2218
in accordance with one embodiment of the present invéntion. In Figure 22C, the
proximity head 106 has almost halfway (and processed about a semi-circle of the wafer

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

Figure 22D illustrates the wafer processing operation continued from Figure 22C in
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

become one meniscus.



near a top edge of the wafer 108 and noves toward the surface of the wafer
108. Once in <close proximty to the wafer surface, the neniscus is forned
and the neniscus is scanned -54- down along a dianeter of the wafer 108. In
yet anot her enbodi nment, the proximty head nmay process only a portion of
the wafer surface. Figure 23A shows a wafer processing system where the
wafer is held stationary in accordancg with one enbodi nent of the present
invention. In one enbodinment, the wafer 108 is held in place by hol ders
600. It should be appreciated that the holders 600 nay be any suitable

type of devi cgiglfe 2P URe Wk p@@d&s&lﬁ% dptiadonabmtinukdGraan Figtre R2Dénabl e
the scanning of the wafer surface by the proximty head, 106 sucr}az%ﬁé for

exanpl e,aceerdenasr with oné embedisnent ofithedueseat inyenverht 45 shewn in Rigugs &2

enbodi ment,. t.he pr,oxi m,t d.1Q6 ;jmay_be. held -V - AP imty
head caﬂr?gfn‘g'gfgdﬁt)éﬁgﬁ%ﬁ ﬂ@éfagﬂ?‘éﬁ%&‘%‘&’ {P%aéitdet@%% ‘Qg‘\?(‘g iulr‘t)in)ﬁtZ ;a;d)hé%)él carrier
602 may fﬁﬁg@ﬂﬁ)r§é€sgiﬁg|{&{v¥ﬁglgg_ apparatus or device that can nove the

proximty head 106 from above the wafer 108 .and scan the proximty head 106

'na F’O"‘“""arﬂﬁﬁfl%%?sh‘e((vs'a ‘&eﬁ%ﬂﬁtﬁé‘gm&:@i&g%&& 1RAMn&AB6b RitG46& Bver
proximty to the wafer surface. |In one enbodinent, the proximty head
carrier thdpRytibe opibiiventically pohidongd waferilog iheechbrdarceivath assenbddingst shown
Figure 2A except that the wafer js_oriented vertithc%Jrf‘!?/q@nd t@? %oni mty
head caiof the presers nfenijane i ors srBRRAIME b ORrORITEB P And J9bpmay)

manner - H{ee%&gé%lgsh@veafaé%@mq%a BOICCTL BHXRANYFHINAIG e (BoReAyHS v head

carrier I'n place or nov ccordance with one _
enbodi nemdvedfsubsientiuiBa@péthei dovantardno ptovesntheendfodindastiibedian fether ddt®8 may
be hel d_by edge gerper 604 and noved wupward. By this upward notion, the
waf er 1@8Tefespneetosighiset?®By the proxinmity head 106 in a relative downward
‘manner where the proximty head 106 starts scanning the surface of the
waf er 108 i n Hiperet?36 Bostritona aidg view of thiowwennidy h‘FWSd@éaéﬁ%éQMHWgt he

§
proximty head carri.er 602 b t. i1l . ks rd
scan rra?ycffgss“é%Sg%‘?lisgﬁgﬁﬁﬁ%‘é’aﬁ%ﬁgg l%egﬁé&n%ega‘hggﬁgggg%%ﬁgggg@%ﬁi ng is
taking plaest inléhtich AhRAE AMHdAThERNESs th peoriafierhchas 106y abik1 Gdvadveapwar d and
the proximty head carrier 602' may be noved downward. Ther fqrg, t he
rel at i véowowawhfransahmve iag weter 188¢ dwihe sraiscin | bosoptactsdhs, Walar QP <the

vari ati ong; Qe 1868 0Lkl SRELSAR AR RuPtle WAtk 18888k GRIPrbRmiBPALANS -
'106b forms a meniscus 116b 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
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
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
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

close proximity to the wafer surface, the meniscus is formed and the meniscus 1s scanned



In a preferabl e enbodi nent as shown in the bottom portion of Figure 23B
after the proximty head 106 has scanned over a nmgjority of the wafer 108
and reaches the edge -55- gripper 604, the hol ders 600, such as descri bed
in reference to Figure 23 A, may 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-tshe wafer 108. Then anot her wafer
may be noved into position for wafer processing operations by the proximty
head 106. Figure 23C shows a wafer processing systemwhere the proximty
head ext émgs aloagaidiamcteadt the vaffert 108. iafyet ar@Beriemiadopentatheprokithitydved

enbodi nent of the present inpvention. |[n one enbodi nent, the wafer

pr ocessi W@y ByeaesneMi? Rortien olthg Wafensupfees, head that is capabl e of
produci ng a meni scus that may cover at |east a radius of the wafer 108. In
this enbodi neFigure A3A phows Ainaferwackssiog spugmswhase thafutler isdield HaBoRaBM a t op

LR

enbodi metCOTEREE ere one’sem-circle

of the wefesk iRl f306d By Q&8 $86J 1Yo fMibe prddifed iRk ilE Halddte 606 mb§benhi | e
the other sem-circle of the wafer surface Is processed by the other of

the pr oxinyisujtabledyse dB:videiqyappara®s thaions haldtht svafpr KiSand gl agbledhe wher e
th imty head 10 ticall f t i

e cor daricanie AT Bireaienuae by (B biokBnisy o8R0 06 R Tos s phft, B 0rd)
enbodi Mefiiaerd BithRUGX hitddhiheRBABtc1 R tHIB KRBl IndMSthE pedMifitydfRad @06 mdydst i n

reference to Figure 23C while, at the sanme tinme, the wafer 108 is rotated
in dir edteldand tbFedyy apironjmiti Heed sartze §02.1 xbouldrhe appeeciated fagdigssed in

reference to.the Figures. Figure 24A.s a_proxim - may
be util e hepd i 0208 %‘F‘agﬁﬁ%ﬁ?ﬂ?a&%&%&%ﬁ@% t\%‘mg‘?%"?‘p‘hné_;e@é
enmbodi MRt Ra‘xiﬁltt? HRE® $68 ol MR itRdwaldh 108 @nd 8FR0G FRGHimityiRagrloBiimat y head
106-5 is aF least as long as the diameter of the wafer 108 so the
proxi m tdowhead bOGWEr while equing theapromemigcheads Kt inelese pserssuty tatthe watyr
di anmet er f the wafer...ln apother. enbodi,nent e _proxi.m. d 106-5 is
| ong en&ﬂbfﬁces O]Q't‘?’?@fs DTS Hk?rpcfﬂﬁl@él&’ ?fdt%gi%réoo?i %%f a ﬁlgg@ffg -5 can
extend 35 ARTLIHNAd¢haTR WS ently biithowRFRiure 2AaK ctft thinahe dafdrtie oriegedns  of
the wafer surface enclosed within the exclusion region. Therefore, by use
of the pedidaiyand teeproxdsitpheadcamen is sonigered s@ pfoyedramomh® bAOFhHEY in one
pass. The pr PXi m txy head 106-5 i ncludes source inlets 302 and 306 and

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

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

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

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



source outlets 304. In one enbodinent, there is a plurality of source
inlets 306 that is in a shape of aline that is surrounded by a plurality
of source outlets 304 that forns a -56- rectangular shape. Two |ines 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 may make up the process wsgdow where the neni scus 116 may be
formed. It should also be appreciated that the proximty head 106-5 as
well as the other proximty heads described herein may be varied in size
to have Tgéi’pf)éxeﬁ(ﬂr,l theSlidA@ss 800, seenhd gascabidiSeffencproFagse 38 Adomg griBgbear yi ng
|

the configuration of the process w ndows, the size, shape aﬁ% t({bﬁ

f unct i onvedfert ADSofndtrhevent b weuktopagpieic SivatgfetProressite Cngsdir haigers 440 range
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as wel | %@%ﬂ%&ee&a%ﬁb%tﬁe ,grg}ggrgﬁiemg?g@gasgf ?ﬁg%g?ts é%‘%?@%b, and
342¢ (asya3haWely b mov8d RS pddBoR st waProdétingSopdesis bedhapexanityheaf er ence
to Figures 11-14. Therefore, the proximty hea 106-5 may be any suitable
si ze and06onfi gurati on dependi ng on the application-desired. For exanple,

if one proximty head is desired to scan an entire 200 nmwafer in one
pass, the pr®igurs2gCrubadcs hGGafbr prayessmpasystomhealiae sheprozasity Weatdodendsat

produces a nenjscus that is at least 200 mmin_length. .Lf the exclusionary
regi on @boutiagadws offhe ¥akspi 08 weascrrdneowhE %nggﬁ'g?nqpﬁ&%rﬁf%@us may be
less th d ,@5‘&} i fm hay Q@20 b ProxThiity Heead i s
desired vgagg%nnma%&eén |ré%8%mﬁncw% 1Emiﬁn pamss,ayt h_eZ p(r%g?(i n‘i?ry head
106-5 menat iwoapable dfpyeheingy omesisco thaoway baer pt lrdstooedisitheswalrifds is

at least 300 nmin length. |f the exclusionary region of.the i S not
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|n Vel 3680 B bAROILARM voddlor i HEH G0BC hitaRlihélibidlAent, Svdprhimityt 0 be
processed by a proximty head in one pass, the process w ndow nay be a

si ze t hatadsqobanpy atutiézed wisné saciserhiecigile of thetwifsr surfdceasprogessedy @8¢of t he

waf er. Therefore, the size of the manifald,  process w nd .and
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shows a,;si V| ifmty head 106-5 in accordance with one

enbodi rrtet%toqﬁ(;?r dtfﬁ%% }g{oggslgﬁyﬂi%%elﬁi on. In this enbodinent, the proximty head
106-5 al so i.nclu I 4 g,gg Crelih@broxithity Heag oo didvent ,
correspond tng‘%%ggééggg%%i\ﬁ%l?pr?g?%&% rcgﬁgﬁ(tgrleét %‘6’4,‘ atgd gource i nl et
306 respaeitbilkeind thByvAfBPLIE jobgein dcesmdhagwith lout dnbhdouglt aftlec prssend 342a,

342b, and 342c, fluids may be inputted or outputted through .
invention. In one embodix)xllent, the pe‘oximity head 106pm0ves in th QUiibn as described

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.

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
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

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



t he source inlet 302, the source outlet 304, and the source inlet 306.

Al t hough the ports 342a, 342b, and 342c correspond with the source inlet
302, the source outlet 304, .and the -57- source 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 ng on the configuration desiredé-Because of the configuration of the
source inlets 302 and 306 with the source outlets 304, the neniscus 116

maybe formed between the proximty head 106-5 and the wafer 108. The shape
of the rrepiprgular shepe.nByoliney of sweminiatyd Share rdiasemftp G plurdity 2k 80WrHensi ons

of the proxjmty head 106-5. shown i L.gur B, .t orti 342c and
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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
a semicircle 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
embodiment of the present invention. In this embodiment, the proximity head 106-5 also
includes ports 342a, 342b, and 342¢ that, in onc 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
342a, 342b, and 342¢ correspond with the source inlet 302, the source outlet 304, and the



descriptions herein. -58- Figure 25A shows a nulti-process w ndow proximty
head 106-6 in accordance with one enbodi nent of the present invention. The
proximty head 106-6 includes two process wi ndows 538-1 and 538-2. In one
enbodi ment, the process w ndow 538-2 may wuse cleaning fluids instead of
DIWto clean wafers. The process wi ndow 538-2 nmay use any suitable
configuration of source inlets and outbFéts that may apply any suitable type
of cleaning fluid to the wafer. In one enbodi nent, the process w ndow
538-2 may incl ude onlé.source inlets that may apply the cleaning fluid. In

anot her &AlEEIHENT06 inthis sxeeplsey embasiment Fshouldhe appesosrted hatde ports
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cleaning, rinsing/drying, and drying process w ndows respective In one
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surface. In one enbodi ment, the )
angle that may optimize the generation, control, and management of a stable fluid

mMeniscus.

Figure 24C shows an isometric view of the proximity head 106-5 1n accordance
with one embodiment of the present invention. The view of the proximity head 106-5
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 proxumity head
106-5 also includes ports 342a, 342b, and 342, on a side of the proximity head 106-5
opposite the leading edge of the proximity head 106-5. It should be appreciated that the
configuration and location of the ports 342a, 342b, 342¢, 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.



process wi ndows 538-1 and 538-2 may optionally include source inlet 302 and
source -59- outlet 304 to generate a stable and controllable fluid

meni scus. The process wi ndow 538-3 may 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 is nmade up
of DIW Therefore, different types of -psocess wi ndows may be included in
the proximty head 106-7. As discussed in reference to Figure 25A above,
instead of having nultiple process windows in one proxinmty head, nultiple
proxinmity healiiguredire sioesa nuﬂlepmaasnewmdampmxufutyhelqomﬁcﬁmﬂmé@% may be

used for djfferent p such, as .cleanin rJn c. Wile
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P p¥ocess windows beéing 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
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
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
least one source inlet 306 to apply fluid to the wafer surface. In one embodiment, the

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



head is positioned in non-contact close proximty to the surface of the
substrate, the substrate configured to be dried when the neniscus enabl ed
by the facilities scans the surface of the substrate to ensure drying of
the substrate. 20 2. A substrate preparation systemas recited in claiml,
wherein the proximty head is a first proximty head, and the first

proxi mty head being di sposed on one siS8e of the substrate; a second
proximty head bei ng di sposed on an opposite side of the substrate; and a
second arm connected to the second proximty head, the second arm bejin
conf i gur edtlet$64 o gensseiondtahloxndianraiiabls fluid pesissys.i Fhepreceshidove s

imty to th i ide af the .25 sub t .
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conpri si isgnademp oft BHV atlddraforg, diffesgstims of peodess wipdamesanay b ipludedie the

i ncluding at | east roxi mty .head for dryin substr. - .

|t eqr atBERPY AgRSRE e treened in Feipronge i R 2 AR ol fa oy
the proxihfidpfe gﬁ;@gssc@irnﬁb% iRSREFRIIMItG WA rAulBpRfr Bk inYitRéds thdiebeisedi m ty
head having'a plurality of conduits for delivering a fluid to a surface of
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surface(gf the .substrate, such that a fluid neniscus is capabl e of being
def i ned YRS ASISH MRS Fen a 5 surface of the proximity head and the
surface of the substrate, the surface of the proximty head . having fl at
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sur f ace gpegifiensodfantbeidingd teeirokingh eviflrealizeiviayioheatsrapons; edditiogs,modul es
coupled to the in rated drying system the pro i nodul es

inte ) essi ng - 10
sel ect edaennamti@n%maf? eqiyelews therepfe nif b%qhe‘f?é@ﬁmf%‘qu ‘%Pb&*&rﬂfﬁ%fﬁ YHenBdtl e, a
TegaS 0Nyt BLOGES Hh ke AL CaaftichlsAOINGARAUAS: odhi ARBAS s N v, and
an etchi'ng nodul'e; facilities T1or providing one of nore of (i) power, (ii)
pr ocessitng sphr@tindakspe 61 fhie)inddntiodls, (iv) processing gasses, (v) drainage,
(vi) vacuum (vii) exhaust, and (viii) air; and conputer control system
being integrated with the cluster architecture system 15 5. A cluster
architecture systemfor processing a substrate as recited in claim4,

wher ei n What is claimed is:



the cleaning nodule is one of a brush box and a spin rinse and dry (SRD)
nodul e. 6. A cluster architecture system for processing a substrate as
recited in claim4, wherein 20 the integrated drying system i ncl udes, an
arm connected to the proximty head, the arm being configured so the
proximty head is positioned in non.-contact close proximty to the
surface of the substrate, the substrate configured to be dried when the
meni scus enabled by the facilities scans the surface of the substrate to
ensure drying of the substrate. 25 7. A“®-uster architecture system for
processing a substrate as recited in claim4, wherein the proximty head
is afirst frloX™¥ty head, and the first proximty head is configured to be
di sposed on one side of the substrate; a second proximty head being

di sposed on an opposite side of the substrate; and 30 a second ann

connect ed td-thexgébéﬁﬁsmﬁmwmnﬁ&ywmeadyW$M§ second arm bei ng configured so

E)B[e)ozlefgngl 8;0)(;:( r%%r}émggyﬁgss f ?(gfder}qgg g/siegi iﬁa{l‘&iﬁg"é‘ E}%%ﬂnitg’/l HRaF R I;ipy)l(r!lgng gu%st;[a%, the
5  thedrying system includes,
the proximity head having a plurality of conduits for delivering a fluid to a surface of
the substrate and a plurality of conduits for removing the fluid from the surface of the substrate,
such that a fluid meniscus is capable of being defined and contained between a surface of the
proximity head and the surface of the substrate, the surface of the proximity head having flat
10 surface regions, wherein the plurality of conduits for delivering the fluid to the surface of the
substrate and the plurality of conduits for removing the fluid from the surface of the substrate
extend through the flat surface regions of the surface of the proximity head;
facilities connections for providing facilitics to the proximity head, the facilities
providing the fiuid; and
15 an arm connected (o the proximity head, the arm being configured so the proximity
head is positioned in non-contact close proximity to the surface of the substrate, the substrate

configured to be dried when the meniscus enabled by the facilitics scans the surface of the

substrate to ensure drying of the substrate.

20 2, A substrate preparation system as recited in claim 1, wherein the proximity head is a
first proximity head, and the first proximity head being disposed on one side of the substrate;
a second proximity head being disposed on an opposite side of the substrate; and
a second arm connected to the second proximity head, the second arm being configured
s0 the second proximity head is placed in non-contact close proximity to the opposite side of the

25 substrate.

3 A substrate preparation system as recited in claim 1, further comprising a cleaning

system, and the cleaning system is one of a brush box or a megasonic system.

30 4 A cluster architecture system for processing a substrate, comprising:
an integrated drying system, the integrated drying system including at least one

proximity head for drying a substrate, the integrated drying system includes,
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a proximity head carrier assembly, the proximity head carrier assembly having a
proximity head, the proximity head having a plurality of conduits for delivering a fluid to a
surface of the substrate and a plurality of conduits for removing the fluid from the surface of the
substrate, such that a fluid meniscus is capable of being defined and contained between a
surface of the proximity head and the surface of the substrate, the surface of the proximity head
having flat surface regions, wherein the plurality of conduits for delivering the fluid to the
surface of the substrate and the plurality of conduits for removing the fluid from the surface of
the substrate extend through the flat surface regions of the surface of the proximity head;

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, a deposition module, and an etching module;

facilities for providing one or more of (i) power, (ii) processing chemicals, (iii) fluids,
(iv) processing gasses, (v) drainage, (vi) vacuum, (vii) exhaust, and (viii) air; and

computer control system being integrated with the cluster architecture system.

3. A cluster architecture system for processing a substrate as recited in claim 4, wherein

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

6. A cluster architecture system for processing a substrate as recited in claim 4, wherein
the integrated drying system includes,

an arm connected {o the proximity head, the arm being configured so the proximity
head is positioned in non-contact close proximity to the surface of the substrate, the substrate
configured to be dried when the meniscus enabled by the facilitics scans the surface of the

substrate to ensure drying of the substrate.

7. A cluster architecture system for processing a substrate as recited in claim 4, wherein
the proximity head is a first proximity head, and the first proximity head is configured to be
disposed on one side of the substrate;

a second proximity head being disposed on an opposite side of the substrate; and

a second arm comnected to the second proximity head, the second arm being configured
so the second proximity head is placed in non-contact close proximity to the opposite side of the

subsirate.



